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(57) Abstract: The present disclosure is directed to HLA class II molecules having a higher affinity for CD4 than naturally occurring
HLA class II molecules. In certain aspects, the HLA class I molecule comprises a DP beta chain having (i) an amino acid other than
leucine at a position corresponding to amino acid residue 112 of SEQ ID NO: 1, (ii) an amino acid other than valine at a position
corresponding to amino acid residue 141 of SEQ ID NO: 1, (iii) or both (i) and (ii). Certain aspects of the present disclosure are directed
to nucleic acid molecules encoding the HLA class I molecules, vectors comprising the nucleic acid molecule, cells comprising the

same, and methods of use thereof.
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MHC CLASS I MOLECULES AND METHODS OF USE THEREOF
CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This PCT application claims the priority benefit of U.S. Provisional Application
Nos. 62/880,496, filed July 30, 2019, and 63/029,111, filed May 22, 2020, each of which is

incorporated herein by reference in its entirety.

REFERENCE TO SEQUENCE LISTING SUBMITTED
ELECTRONICALLY VIA EFS-WEB

[0002] The content of the electronically submitted sequence listing (Name:
4285.010PC02_SL ST25.txt, Size: 144,830 bytes; and Date of Creation: July 28, 2020) is

incorporated herein by reference in its entirety.

FIELD OF THE DISCLOSURE

[0003] The present disclosure provides major histocompatibility complex (MHC) class II

molecules with increased affinity for CD4 and uses thereof.

BACKGROUND OF THE DISCLOSURE

[0004] Immunotherapy has emerged as a critical tool in the battle against a variety of
diseases, including cancer. T cell therapies are at the forefront of immunotherapeutic
development, and adoptive transfer of antitumor T cells has been shown to induce clinical
responses in cancer patients.

[0005] Directed T cell therapy using T cells expression T cell receptors (TCRs) specific
for a target epitope expressed by tumor cells is a promising form of T cell therapy. Antigen
presenting cells display peptide fragments associated with the major histocompatibility
complex (MHC) on their surface to induce an immune response. It has been demonstrated
that the improved presentation of endogenous peptides via class II is correlated with
improved survival of cancer patients. However, the development of novel TCRs capable of
specifically targeting MHC class II presented peptides is hindered by the low affinity of
MHC class II proteins for CD4 expressed by T cells.
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[0006] The present disclosure provides MHC class II proteins with increased affinity for
CD4 and methods of using the same for the identification and development of novel MHC

class II-specific TCRs.

SUMMARY OF THE DISCLOSURE

[0007] Certain aspects of the present disclosure are directed to an HLA class II molecule
comprising a DP beta chain, wherein the DP beta chain comprises an amino acid other than
leucine at a position corresponding to amino acid residue 112 of SEQ ID NO: 1.

[0008] Certain aspects of the present disclosure are directed to an HLA class II molecule
comprising a DP beta chain, wherein the DP beta chain comprises a substitution mutation at a
position corresponding to amino acid residue 112 of SEQ ID NO: 1, wherein the substitution
mutation 1s with an amino acid other than leucine.

[0009] In some aspects, the DP beta chain further comprises an amino acid other than
valine at a position corresponding to amino acid residue 141 of SEQ ID NO: 1.

[0010] Certain aspects of the present disclosure are directed to an HLA class II molecule
comprising a DP beta chain, wherein the DP beta chain comprises an amino acid other than
valine at a position corresponding to amino acid residue 141 of SEQ ID NO: 1.

[0011] Certain aspects of the present disclosure are directed to an HLA class II molecule
comprising a DP beta chain, wherein the DP beta chain comprises a substitution mutation at a
position corresponding to amino acid residue 141 of SEQ ID NO: 1, wherein the substitution
mutation is with an amino acid other than valine.

[0012] In some aspects, the DP beta chain further comprises an amino acid other than
leucine at a position corresponding to amino acid residue 112 of SEQ ID NO: 1.

[0013] In some aspects, the DP beta chain comprises an amino acid sequence having at
least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about
96%, at least about 97%, at least about 98%, or at least about 99% sequence identity to an
amino acid sequence selected from SEQ ID NOs: 1, 3, 4, and 5.

[0014] In some aspects, the amino acid other than leucine comprises a hydrophobic side
chain.
[0015] In some aspects, the amino acid other than leucine is selected from the group

consisting of an alanine, a valine, an isoleucine, a methionine, a phenylalanine, a tyrosine,

and a tryptophan.
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[0016] In some aspects, the amino acid other than leucine is a tryptophan.

[0017] In some aspects, the amino acid other than valine comprises a hydrophobic side
chain. In some aspects, the amino acid other than valine is selected from the group consisting
of an alanine, an isoleucine, a leucine, a methionine, a phenylalanine, a tyrosine, and a
tryptophan. In some aspects, the amino acid other than valine is a methionine.

[0018] In some aspects, the DP beta chain comprises a tryptophan at a position
corresponding to amino acid residue 112 of SEQ ID NO: 1 and a methionine at a position
corresponding to amino acid residue 141 of SEQ ID NO: 1.

[0019] In some aspects, the DP beta chain comprises the amino acid sequence set forth in
SEQ ID NO: 3. In some aspects, the DP beta chain comprises the amino acid sequence set
forth in SEQ ID NO: 4.

[0020] In some aspects, the DP beta chain is selected from DPB1*01, DPB1*02,
DPB1*03, DPB1*04, DPB1#*05, DPB1*06, DPB1*08, DPB1*09, DPB1*10, DPB1*100,
DPB1*101, DPB1*102, DPB1*103, DPB1*104, DPB1*105, DPB1*106, DPB1*107,
DPB1*108, DPB1*109, DPB1*11, DPB1*110, DPBI1*111, DPBI1*112, DPBI1*113,
DPB1*114, DPB1*115, DPB1*116, DPB1*117, DPB1*118, DPB1*119, DPBI1*120,
DPB1*121, DPB1*122, DPB1*123, DPB1*124, DPB1*125, DPBI1*126, DPB1*127,
DPB1*128, DPB1*129, DPB1*13, DPB1*130, DPB1*131, DPB1*132, DPBI1*133,
DPB1*134, DPB1*135, DPB1*136, DPB1*137, DPB1*138, DPB1*139, DPBI1*14,
DPB1*140, DPB1*141, DPB1*142, DPB1*143, DPB1*144, DPB1*145, DPBI1*146,
DPB1*147, DPB1*148, DPB1*149, DPB1*15, DPBI1*150, DPBI1*151, DPBI1*152,
DPB1*153, DPB1*154, DPB1*155, DPB1*156, DPB1*157, DPB1*158, DPBI1*159,
DPB1*16, DPB1*160, DPB1*161, DPB1*162, DPB1*163, DPB1*164, DPBI1*165,
DPB1*166, DPB1*167, DPB1*168, DPB1*169, DPB1*17, DPB1*170, DPBI1*171,
DPB1*172, DPB1*173, DPB1*174, DPB1*175, DPB1*176, DPB1*177, DPB1*178,
DPB1*179, DPB1*18, DPB1*180, DPB1*181, DPB1*182, DPBI1*183, DPBI1*184,
DPB1*185, DPB1*186, DPB1*187, DPB1*188, DPB1*189, DPB1*19, DPBI1*190,
DPB1*191, DPB1*192, DPB1*193, DPB1*194, DPB1*195, DPB1*196, DPB1*197,
DPB1*198, DPB1*199, DPB1*20, DPB1*200, DPB1*201, DPB1*202, DPBI1*203,
DPB1%#204, DPB1*205, DPB1*206, DPB1*207, DPB1*208, DPB1*209, DPBI1*21,
DPB1#210, DPB1*211, DPB1*212, DPB1*213, DPB1*214, DPBI1*215, DPBI1*216,
DPB1*217, DPB1*218, DPB1*219, DPB1*22, DPB1%*220, DPB1*221, DPBI1%*222,
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DPB1#*223, DPBI1*224, DPBI1%*225, DPB1%*226,

DPB1%*23,

DPB1*236,
DPB1%*242,
DPB1%*249,
DPB1%255,
DPB1%*261,
DPB1*268,
DPB1*274,
DPB1*280,
DPB1%*287,
DPB1%*293,

DPB1*30, DPB1#300, DPB1*301,

DPB1*306,
DPB1*312,
DPB1*319,
DPB1*325,
DPB1*331,
DPB1*338,
DPB1*344,
DPB1*350,
DPB1*357,
DPB1*363,

DPB1*37, DPB1%*370, DPB1*371,

DPB1*376,
DPB1*382,
DPB1*389,
DPB1*395,
DPB1*401,
DPB1*408,
DPB1*414,
DPB1*421,

DPB1%*230, DPBI1*231,

DPB1%*237,
DPB1#243,
DPB1%25,

DPB1*256,
DPB1#262,
DPB1%*269,
DPB1*275,
DPB1#281,
DPB1%*288,
DPB1#294,

DPB1%*307,
DPB1#313,
DPB1%32,

DPB1*326,
DPB1#332,
DPB1%339,
DPB1%345,
DPB1#351,
DPB1%358,
DPB1#364,

DPB1*377,
DPB1#383,
DPB1%39,

DPB1*396,
DPB1*402,
DPB1*409,
DPB1#415,
DPB1#422,

DPB1%*232,
DPB1%*238, DPBI1%*239,
DPB1%*244, DPB1%*245,

DPB1%*250, DPBI1*251,
DPB1*257, DPBI1%*258,
DPB1*263, DPBI1%*264,
DPB1*27, DPB1%*270,
DPB1*276, DPBI1%*277,
DPB1%*282, DPBI1*283,
DPB1%*289, DPBI1%*29,
DPB1%*295, DPB1%*296,

DPB1*302,
DPB1*308, DPBI1%*309,
DPB1*314, DPBI1*315,

DPB1*320, DPBI1%*321,
DPB1*327, DPBI1%*328,
DPB1*333, DPBI1%*334,
DPB1*34, DPB1%*340,
DPB1*346, DPBI1%347,
DPB1*352, DPBI1*353,
DPB1#*359, DPBI1%*36,
DPB1*365, DPBI1*366,

DPB1*372,
DPB1*378, DPBI1%*379,
DPB1*384, DPBI1*385,

DPB1*390, DPBI1%*391,
DPB1*397, DPBI1%*398,
DPB1*403, DPB1%*404,
DPB1*41, DPB1*410,
DPB1*416, DPB1%*417,
DPB1*423, DPB1%*424,

DPB1%227,
DPB1%233,
DPB1%24,
DPB1#246,
DPB1*252,
DPB1#259,
DPB1%265,
DPB1*271,
DPB1#278,
DPB1#284,
DPB1*290,
DPB1%297
DPB1*303,
DPB1#31,
DPB1%316
DPB1%322,
DPB1#329,
DPB1#335,
DPB1*341,
DPB1#348,
DPB1#354,
DPB1*360,
DPB1#367,
DPB1*373,
DPB1#38,
DPB1#386,
DPB1*392,
DPB1#399,
DPB1#405,
DPB1*411,
DPB1#418,
DPB1#425,

2

2
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DPB1*228,
DPB1%*234,
DPB1*240,
DPB1%247,
DPB1%253,
DPB1%26,
DPB1*266,
DPB1%*272,
DPB1*279,
DPB1#285,
DPB1%*291,
DPB1#*298,
DPB1*304,
DPB1*310,
DPB1%*317,
DPB1%323,
DPB1%33,
DPB1#336,
DPB1%*342,
DPB1%349,
DPB1%355,
DPB1*361,
DPB1*368,
DPB1*374,
DPB1*380,
DPB1%*387,
DPB1%393,
DPB1*40,
DPB1*406,
DPB1*412,
DPB1#419,
DPB1*426,

DPB1%*229,
DPB1%*235,
DPB1%*241,
DPB1%*248,
DPB1%*254,
DPB1*260,
DPB1%*267,
DPB1*273,

DPB1%28,
DPB1*286,
DPB1%*292,
DPB1%*299,
DPB1*305,
DPB1*311,
DPB1*318,
DPB1%*324,
DPB1*330,
DPB1%*337,
DPB1%343,

DPB1%35,
DPB1%356,
DPB1%*362,
DPB1*369,
DPB1*375,
DPB1%381,
DPB1%388,
DPB1%*394,
DPB1*400,
DPB1*407,
DPB1*413,
DPB1*420,
DPB1*427,



WO 2021/019475

DPB1*428,
DPB1*435,
DPB1*441,
DPB1*448,
DPB1*454,
DPB1*460,
DPB1*467,
DPB1*473,

DPB1*48, DPB1%480, DPB1*481,

DPB1*486,
DPB1%*492,
DPB1*499,
DPB1*505,
DPB1*511,
DPB1*518,
DPB1*524,
DPB1*530,
DPB1*537,
DPB1*543,

DPB1*55, DPB1%*550, DPB1*551,

DPB1*556,
DPB1*562,
DPB1*569,
DPB1*575,
DPB1*581,
DPB1*588,
DPB1%*594,
DPB1*600,
DPB1*607,
DPB1%613,
DPB1*62,

DPB1*429,
DPB1*436,
DPB1*442,
DPB1*449,
DPB1#455,
DPB1*461,
DPB1*468,
DPB1*474,

DPB1*487,
DPB1*493,

-5-

DPB1*430, DPB1*431,
DPB1*437, DPBI1%438,
DPB1*443, DPB1*444,
DPB1*45, DPB1*450,

DPB1*456, DPBI1%457,
DPB1*462, DPBI1*463,
DPB1*469, DPBI1%*47,

DPB1*475, DPBI1*476,
DPB1*482,

DPB1*488, DPBI1%489,
DPB1*494, DPB1%*495,

DPB1*50, DPBI1*500, DPB1*501,

DPB1*506,
DPB1*512,
DPB1*519,
DPB1*525,
DPB1*531,
DPB1*538,
DPB1*544,

DPB1*557,
DPB1*563,

DPB1*507, DPBI1*508,
DPB1*513, DPBI1*514,
DPB1*52, DPB1%*520,

DPB1*526, DPBI1*527,
DPB1*532, DPBI1*533,
DPB1*539, DPBI1*54,

DPB1*545, DPB1*546,
DPB1*552,

DPB1*558, DPBI1*559,
DPB1*564, DPBI1*565,

DPB1*57, DPBI1*570, DPB1*571,

DPB1*576,
DPB1*582,
DPB1*589,
DPB1*595,
DPB1*601,
DPB1*608,
DPB1*614,

DPB1*620, DPB1*621,

DPB1*577, DPBI1*578,
DPB1*583, DPBI1*584,
DPB1*59, DPB1%*590,
DPB1*596, DPBI1*597,
DPB1*602, DPB1*603,
DPB1*609, DPBI1*61,
DPB1*615, DPB1*616,
DPB1*622,

DPB1#432,
DPB1#439,
DPB1#445,
DPB1*451,
DPB1#458,
DPB1*464,
DPB1*470,
DPB1#477,
DPB1*483,
DPB1*49,
DPB1#496,
DPB1*502,
DPB1#509,
DPB1#515,
DPB1%521,
DPB1#528,
DPB1%534,
DPB1*540,
DPB1%547,
DPB1%553,
DPB1%56,
DPB1%566,
DPB1%572,
DPB1#579,
DPB1%585,
DPB1*591,
DPB1#598,
DPB1#604,
DPB1%610,
DPB1%617
DPB1*623,
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DPB1*433,

DPB1*44,
DPB1*446,
DPB1*452,

DPB1*459,

DPB1*465,
DPB1*471,
DPB1*478,
DPB1*484,
DPB1*490,
DPB1*497,
DPB1*503,

DPB1%51,
DPB1#516,
DPB1%*522,

DPB1*529,

DPB1#535,
DPB1*541,
DPB1#548,
DPB1*554,
DPB1*560,
DPB1#567,
DPB1*573,

DPB1*58,
DPB1*586,
DPB1%*592,

DPB1*599,

DPB1*#605,
DPB1*611,
DPB1*#618,
DPB1*624,
DPB1*630,

DPB1*434,
DPB1*440,
DPB1*447,
DPB1%453,

DPB1*46,
DPB1*466,
DPB1*472,
DPB1*479,
DPB1*485,
DPB1*491,
DPB1*498,
DPB1*504,
DPB1*510,
DPB1%*517,
DPB1%*523,

DPB1%53,
DPB1*536,
DPB1%*542,
DPB1*549,
DPB1%555,
DPB1*561,
DPB1*568,
DPB1*574,
DPB1*580,
DPB1*587,
DPB1%593,

DPB1*60,
DPB1*606,
DPB1%612,
DPB1%619,
DPB1*625,
DPB1*631,
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DPB1*632,
DPB1*639,
DPB1*645,
DPB1*651,
DPB1*658,
DPB1*664,
DPB1*670,
DPB1*677,
DPB1*683,

DPB1*69, DPB1#690, DPB1*691,

DPB1*696,
DPB1*702,
DPB1*709,
DPB1*715,
DPB1*721,
DPB1*728,
DPB1*734,
DPB1*740,
DPB1*747,
DPB1*753,

DPB1*76, DPB1%*760, DPB1*761,

DPB1*766,
DPB1*772,
DPB1*779,
DPB1*785,
DPB1*791,
DPB1*799,
DPB1*805,
DPB1*811,
DPB1*818,
DPB1*824,
DPB1*830,

DPB1#633,
DPB1%64,

DPB1*646,
DPB1#652,
DPB1%659,
DPB1*665,
DPB1#671,
DPB1*678,
DPB1#684,

DPB1*697,
DPB1#703,
DPB1*71,

DPB1*716,
DPB1%722,
DPB1*729,
DPB1*735,
DPB1#741,
DPB1%748,
DPB1#754,

DPB1*767,
DPB1#773,
DPB1*78,

DPB1*786,
DPB1#792,
DPB1*80,

DPB1*806,
DPB1#812,
DPB1%8109,
DPB1%825,
DPB1#831,
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DPB1*634, DPBI1*635,
DPB1*640, DPBI1*641,
DPB1*647, DPBI1*648,
DPB1*653, DPBI1*654,
DPB1*66, DPB1*660,
DPB1*666, DPBI1*667,
DPB1*672, DPB1*673,
DPB1*679, DPBI1*68,
DPB1*685, DPBI1*686,
DPB1*692,
DPB1*698, DPBI1*699,
DPB1*704, DPBI1*705,
DPB1*710, DPBI1*711,
DPB1*717, DPBI1*718,
DPB1*723, DPBI1%*724,
DPB1*73, DPB1*730,
DPB1*736, DPBI1*737,
DPB1*742, DPB1*743,
DPB1*749, DPBI1*75,
DPB1*755, DPBI1*756,
DPB1*762,
DPB1*768, DPBI1*769,
DPB1*774, DPBI1*775,
DPB1*780, DPBI1*781,
DPB1*787, DPBI1*788,
DPB1*794, DPBI1*795,
DPB1*800, DPBI1*801,
DPB1*807, DPBI1*808,
DPB1*813, DPB1*814,
DPB1#*82, DPB1%*820,
DPB1*826, DPBI1%827,
DPB1*832, DPBI1*833,

DPB1#636,
DPB1*642,
DPB1#649,
DPB1#655,
DPB1*661,
DPB1#668,
DPB1#674,
DPB1*680,
DPB1#687,
DPB1*693,
DPB1*70,
DPB1#706,
DPB1*712,
DPB1#719,
DPB1#725,
DPB1*731,
DPB1#738,
DPB1#744,
DPB1*750,
DPB1#757,
DPB1*763,
DPB1*77,
DPB1#776,
DPB1*782,
DPB1#789,
DPB1%796,
DPB1*802,
DPB1#809,
DPB1#815,
DPB1*821,
DPB1#828,
DPB1#834,
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DPB1#637,
DPB1*643,

DPB1%65,
DPB1#656,
DPB1*662,

DPB1*669,

DPB1*675,
DPB1%*681,
DPB1#688,
DPB1*694,
DPB1*700,
DPB1*707,
DPB1*713,

DPB1*72,
DPB1*726,
DPB1*732,

DPB1*739,

DPB1#745,
DPB1*751,
DPB1*758,
DPB1*764,
DPB1*770,
DPB1*777,
DPB1*783,

DPB1*79,
DPB1*797,
DPB1*803,

DPB1*81,
DPB1*816,
DPB1%822,

DPB1%638,
DPB1*644,
DPB1*650,
DPB1%657,
DPB1*663,

DPB1%67,
DPB1*676,
DPB1%682,
DPB1*689,
DPB1*695,
DPB1*701,
DPB1*708,
DPB1*714,
DPB1*720,
DPB1%*727,
DPB1%*733,

DPB1*74,
DPB1*746,
DPB1*752,
DPB1*759,
DPB1*765,
DPB1*771,
DPB1*778,
DPB1*784,
DPB1*790,
DPB1*798,
DPB1*804,
DPB1*810,
DPB1*817,
DPB1%823,

DPB1#*829, DPBI1%*83,

DPB1#835,

DPB1*836,
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DPB1*837, DPB1*838, DPBI1*839, DPB1*84, DPB1%*840, DPB1%*841, DPB1*842,
DPB1*843, DPB1*844, DPB1%*845, DPB1%*846, DPB1*847, DPB1*848, DPB1*849,
DPB1*85, DPB1%*850, DPB1*851, DPBI1*852, DPBI1%*853, DPB1%*854, DPBI1*855,
DPB1*856, DPB1*857, DPBI1*858, DPB1*859, DPB1*86, DPB1%*860, DPB1*861,
DPB1*862, DPB1*863, DPB1*864, DPB1*865, DPB1*866, DPB1*867, DPB1*868,
DPB1*869, DPB1*87, DPB1*870, DPB1*871, DPB1%*872, DPB1%*873, DPB1*874,
DPB1*875, DPB1*876, DPB1*877, DPB1*878, DPB1*879, DPB1*88, DPB1*880,
DPB1*881, DPBI1*882, DPBI1*883, DPB1*884, DPB1*885, DPB1*886, DPB1*887,
DPB1*888, DPB1*889, DPBI1*89, DPB1*890, DPB1%*891, DPB1%892, DPB1*893,
DPB1*894, DPB1*895, DPBI1*896, DPB1*897, DPB1*898, DPB1%*899, DPB1%90,
DPB1*900, DPB1%*901, DPB1%*902, DPB1%*903, DPB1*904, DPB1*905, DPB1*906,
DPB1*907, DPB1%*908, DPB1%*909, DPB1*91, DPB1%*910, DPB1*911, DPB1*912,
DPB1*913, DPB1*914, DPB1*915, DPB1*916, DPB1*917, DPB1*918, DPB1*919,
DPB1*92, DPB1%*920, DPB1*921, DPB1%*922, DPBI1%*923, DPB1%*924, DPB1%*925,
DPB1%926, DPB1%*927, DPBI1%*928, DPB1%*929, DPB1*93, DPB1%*930, DPB1*931,
DPB1%932, DPB1%*933, DPB1%*934, DPB1%*935, DPB1*936, DPB1*937, DPB1*938,
DPB1%939, DPB1%*94, DPB1*940, DPB1*941, DPB1%*942, DPB1%943, DPB1*944,
DPB1*945, DPB1*946, DPB1%*947, DPB1%*948, DPB1*949, DPBI1%*95, DPB1*950,
DPB1*951, DPB1%*952, DPBI1%*953, DPB1%*954, DPB1*955, DPB1*956, DPB1*957,
DPB1*958, DPB1%*959, DPB1%*96, DPB1*960, DPB1*961, DPB1%*962, DPB1*963,
DPB1*964, DPB1*965, DPB1*97, DPB1#98, and DPB1*#99.

[0021] In some aspects, the DP beta chain comprises the amino acid sequence set forth in
SEQ ID NO: 1.
[0022] In some aspects, the HLA class I molecule further comprises a DP alpha chain. In

some aspects, the DP alpha chain is selected from DPA1*01:03:01:01, DPA1*01:03:01:02,
DPA1*01:03:01:03, DPA1*01:03:01:04, DPA1*01:03:01:05, DPA1*01:03:01:06,
DPA1*01:03:01:07, DPA1*01:03:01:08, DPA1*01:03:01:09, DPA1*01:03:01:10,
DPA1*01:03:01:11, DPA1*01:03:01:12, DPA1*01:03:01:13, DPA1*01:03:01:14,
DPA1*01:03:01:15, DPA1*01:03:01:16, DPA1*01:03:01:17, DPA1*01:03:01:18Q,
DPA1*01:03:01:19, DPA1*01:03:01:20, DPA1*01:03:01:21, DPA1*01:03:01:22,
DPA1*01:03:01:23, DPA1*01:03:02, DPA1*01:03:03, DPA1*01:03:04, DPA1*01:03:05,
DPA1*01:03:06, DPA1*01:03:07, DPA1*01:03:08, DPA1*01:03:09, DPA1*01:04,
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DPA1*01:05, DPA1*01:06:01, DPA1*01:06:02, DPA1*01:07, DPA1*01:08, DPA1*01:09,
DPA1*01:10, DPA1*01:11, DPA1*01:12, DPA1*01:13, DPA1*01:14, DPA1*01:15,
DPA1*01:16, DPA1*01:17, DPA1*01:18, DPA1*01:19, DPA1*02:01:01:01,
DPA1*02:01:01:02, DPA1*02:01:01:03, DPA1*02:01:01:04, DPA1*02:01:01:05,
DPA1*02:01:01:06, DPA1*02:01:01:07, DPA1*02:01:01:08, DPA1*02:01:01:09,
DPA1*02:01:01:10, DPA1*02:01:01:11, DPA1*02:01:02:01, DPA1*02:01:02:02,
DPA1*02:01:03, DPA1*02:01:04, DPA1*02:01:05, DPA1*02:01:06, DPA1%*02:01:07,
DPA1*02:01:08:01, DPA1*02:01:08:02, DPA1%*02:02:02:01, DPA1*02:02:02:02,
DPA1*02:02:02:03, DPA1%*02:02:02:04, DPA1%*02:02:02:05, DPA1*02:02:03,
DPA1%*02:02:04, DPA1*02:02:05, DPA1*02:02:06, DPA1*02:03, DPA1*02:04,
DPA1*02:05, DPA1*02:06, DPA1*02:07:01:01, DPA1*02:07:01:02, DPA1*02:07:01:03,
DPA1*02:08, DPA1*02:09, DPA1*02:10, DPA1*02:11, DPA1*02:12, DPA1*02:13N,
DPA1*02:14, DPA1*02:15, DPA1*02:16, DPA1*03:01:01:01, DPA1*03:01:01:02,
DPA1*03:01:01:03, DPA1*03:01:01:04, DPA1*03:01:01:05, DPA1*03:01:02, DPA1*03:02,
DPA1*03:03, DPA1*03:04, DPA1*04:01:01:01, DPA1*04:01:01:02, and
DPA1*04:01:01:03, DPA1*04:02.

[0023] In some aspects, the DP alpha chain comprises an amino acid sequence having at
least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about
96%, at least about 97%, at least about 98%, or at least about 99% sequence identity to SEQ
ID NO: 6 or 8. In some aspects, the DP alpha chain comprises the amino acid sequence set
forth in SEQ ID NO: 6 or 8.

[0024] In some aspects, the HLA class Il molecule is a DP1, DP2, DP3, DP4, DPS, DP6,
DP8, or DP9 allele.

[0025] In some aspects, the DP beta chain has an increased affinity for a CD4 protein as
compared to a reference HLA class II molecule, wherein the reference HLA class II molecule
comprises a DP beta chain comprising (i) a leucine at a position corresponding to amino acid
residue 112 of SEQ ID NO: 1 and/or (i1) a valine at a position corresponding to amino acid
residue 141 of SEQ ID NO: 1.

[0026] In some aspects, the increased affinity is at least about 1.5-fold, at least about 2-
fold, at least about 3-fold, at least about 4-fold, at least about 5-fold, at least about 6-fold, at
least about 7-fold, at least about 8-fold, at least about 9-fold, at least about 10-fold, at least
about 15-fold, at least about 20-fold, at least about 25-fold, at least about 30-fold, at least
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about 35-fold, at least about 40-fold, at least about 45-fold, at least about 50-fold, at least
about 75-fold, at least about 100-fold, at least about 200-fold, at least about 300-fold, at least
about 400-fold, at least about 500-fold, or at least about 1000.

[0027] In some aspects, the DP beta chain is bound to a membrane of a cell. In some
aspects, the DP beta chain is not bound to a membrane of a cell. In some aspects, the DP beta
chain comprises an extracellular domain of a full length DP alpha chain. In some aspects, the
DP beta chain does not comprise a transmembrane domain of a full length DP beta chain.

[0028] In some aspects, the DP alpha chain is bound to a membrane of a cell. In some
aspects, the DP alpha chain is not bound to a membrane of a cell. In some aspects, the DP
alpha chain comprises an extracellular domain of a full length DP alpha chain. In some
aspects, the DP alpha chain does not comprise a transmembrane domain of a full length DP
alpha chain.

[0029] In some aspects, the DP beta chain is linked to or associated with an inert particle.
In some aspects, the inert particle is a bead. In some aspects, the inert particle is a
nanoparticle. In some aspects, the nanoparticle is selected from a pegylated iron oxide,
chitosan, dextrane, gelatin, alginate, liposome, starch, branched polymer, carbon-based
carrier, polylactic acid, poly(cyano)acrylate, polyethyleinemine, block copolymer, ply
caprolactone, SPIONS, USPIONS, Cd/Zn-selenide, or silica nanoparticle. In some aspects,
the nanoparticle is a pegylated iron oxide nanoparticle.

[0030] In some aspects, the DP beta chain comprises a signal peptide. In some aspects,
the DP alpha chain comprises a signal peptide. In some aspects, the signal peptide comprises
the amino acid sequence set forth in SEQ ID NO: 9.

[0031] Certain aspects of the present disclosure are directed to a nucleic acid molecule
encoding a DP beta chain disclosed herein. In some aspects, the nucleic acid molecule further
encodes a DP alpha chain disclosed herein.

[0032] In some aspects, the nucleic acid molecule comprises a nucleotide sequence
having at least about 70%, at least about 75%, at least about 80%, at least about 85%, at least
about 90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or
at least about 99% sequence identity to SEQ ID NO: 2.

[0033] Certain aspects of the present disclosure are directed to a vector comprising a

nucleic acid molecule disclosed herein.
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[0034] Certain aspects of the present disclosure are directed to a cell comprising an HLA
class II molecule disclosed herein, a nucleic acid molecule disclosed herein, or a vector
disclosed herein. In some aspects, the cell is a mammalian cell or an insect cell. In some
aspects, the cell is selected from a K562 cell, T2, HEK293, HEK293T, A375, SK-MEL-28,
Me275, COS, a fibroblast cell, a tumor cell, or any combination thereof.

[0035] In some aspects, the cell lacks endogenous MHC class II DP beta chain
expression. In some aspects, the cell lacks endogenous MHC class II DP alpha chain
expression.

[0036] Certain aspects of the present disclosure are directed to a method of identifying a
T cell receptor capable of binding an epitope in an MHC class Il complex, comprising
pulsing a cell disclosed herein with one or more peptide comprising the epitope, and
stimulating one or more CD4" T cell with the APC.

[0037] Certain aspects of the present disclosure are directed to a method of treating a
disease or condition in a subject in need thereof, comprising administering to the subject an
MHC class II molecule disclosed herein. In some aspects, the disease or condition is cancer
or an infection.

[0038] In some aspects, the cancer is selected from the group consisting of melanoma,
bone cancer, pancreatic cancer, skin cancer, cancer of the head or neck, uterine cancer,
ovarian cancer, rectal cancer, stomach cancer, uterine cancer, lung cancer, Hodgkin's Disease,
non-Hodgkin's lymphoma (NHL), cancer of the esophagus, cancer of the small intestine,
cancer of the urethra, chronic or acute leukemia, acute myeloid leukemia, chronic myeloid
leukemia, acute lymphoblastic leukemia (ALL) (including non T cell ALL), chronic
lymphocytic leukemia (CLL), cancer of the bladder, cancer of the kidney or ureter, carcinoma
of the renal pelvis, glioma, squamous cell cancer, and combinations of said cancers.

[0039] In some aspects, the cancer is relapsed or refractory. In some aspects, the cancer is
locally advanced. In some aspects, the cancer is advanced. In some aspects, the cancer is
metastatic.

[0040] In some aspects, the HLA class II molecule binds CD4 with a Kp of less than
about 100 uM. In some aspects, the HLA class II molecule binds CD4 with a Kp of less than
about 10 puM. In some aspects, the HLA class II molecule binds CD4 with a Kp of about 8.9
uM or less.
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[0041] Certain aspects of the disclosure are directed to a complex comprising an HLA
class II molecule disclosed herein and a peptide, wherein the peptide comprises an amino

acid sequence selected from the group consisting of SEQ ID NOs: 32-237.

BRIEF DESCRIPTION OF THE DRAWINGS
[0042] FIGs. 1A-1V are graphical representations of data illustrating that affinity-
matured DP4LH2ZWVIHM py5lecyles exhibit an enhanced CD4 binding ability. FIGs. 1A-1F are
histograms showing the results of HLA class II-null K562 cells stably expressing the wild-
type DPa chain (DPA1*01:03) transduced with blank, wild-type, or mutant DPB chain
(DPB1%04:01) harboring L112W, VI114M, VI141M, and MI158] substitutions
(DP4LHZWVILMVIAIMMISSy a( stained with an anti-class II mAb and soluble CD4 (sCD4).
FIG. 1G is a bar graph summarizing the binding affinity for sCD4 (MFI; y-axis) of all
possible DP4 reversion mutants, which were similarly expressed and stained with sCD4 as
FIGs. 1A-1F. FIG. 1H shows the affinity between DP4L12WVIHM anq CD4 as quantified by
steady state analysis. FIG. 11 shows the results of an IL-2 EPISPOT assay of DP4/WT1 TCR,
clone 9-transduced Jurkat 76 and Jurkat 76/CD4 cells stimulated by wild-type DP4 or
DP4HIZWVIIM evhressing aAPCs pulsed with graded concentrations of the DP4/WTI
peptide. FIGs. 1J-1W are histograms representing staining of K562 cells expressing
DPLIZWNVIHM aljeles (as indicated) with an anti-class Il mAb and sCD4. Open histograms
represent the isotype control staining. *P<0.05 by Student’s t-test. Bars and error bars
represent the mean + SD of results in triplicate experiments. At least 2 independent
experiments were performed. FIGs. 1X-1AA are histograms showing wild-type DP4 and
DP4L112W/V141M molecules on the surface of K562 cells that were detected with the
indicated anti-HLA class II antibodies. Staining of control cells devoid of Class II expression
is shown in solid gray. FIGs. 1AB-1BH are histograms showing aAPCs expressing the
indicated DP4 or class II parental cells that were stained with sCD4 at the indicated
concentrations. FIG. 1BI shows the quantification of aAPCs expressing wild-type DP4 or
DP4FIZWVIAIM ot the indicated concentrations. Error bars represent the mean + standard
deviation of experiments performed in triplicate. FIG. 1BJ is a biolayer interferometry
sensogram showing the interaction of biotinylated wild-type DP4 (ligand) with sCD4

(analyte) over a range of concentrations. FIG. 1BK is a biolayer interferometry sensogram

showing the interaction of biotinylated DP4M12W/VIIM (fioand) with sCD4 (analyte) over a
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range of concentrations. Experiments in FIGs. 1BJ and 1BI were performed in parallel. All
data are representative of two independent experiments.

[0043] FIGs. 2A-2D are ribbon diagrams of a model structure of DP4L1I2W/VIHM an4 the
human CD4 complex. FIGs. 2A-2B are two orientations of the ternary complex model
structure of DPA1*01:03, DPB1*04:01, and CD4, as indicated. The DPB1*04:01-CD4
binding interface is enclosed in a dashed square (FIG. 2B). FIGs. 2C-2D provide close-up
views of the CD4 binding interface of wild-type DP4 (FIG. 2C) and DP4-12WVIIM (FIG.
2D). The side chains of interacting residues are shown as ball-and-stick representations (FIGs.
2C-2D).

[0044] FIGs. 3A-3P are graphical representations of data illustrating that DP4 M112ZW/V141M
dimers stain cognate TCRs expressed in human primary CD4" T cells. Primary T cells were
transduced with either DP4/ MAGE-A3243258 (R12C9; FIGs. 3E-3H), DP4/ WT1328.348 (clone
9; FIGs. 31I-3L), or DP4/ NY-ESO-1157.170 (5B8; FIGs. 3M-3P) TCR and stained with the
indicated DP4MZW/VIIM dimers (FIGs. 3B-3D, 3F-3H, 3J-3L, and 3N-3P).

[0045] FIGs. 4A-4D are scatter plots illustrating costaining of R12C9-transduced CD4™ T
cells stained with DP4MIZWVIHM dimer and an anti-VB22 mAb. Note that R12C9 expresses
VPB22. FIGs. 4E-4H are scatter plots illustrating costaining of Clone 9-transduced CD4™ T
cells double-stained with DP4MI2WVIHM dimer and an anti-NGFR mAb. Note that clone 9
and ANGFR genes are fused with P2A.

[0046] FIGs. SA-5P are scatter plots illustrating costaining of Clone 9- (FIGs. SA-5H)
and 5B8- (FIGs. 5I-5P) transduced primary T cells stained with 5 pg/ml conventional wild-
type DP4 tetramers and DP4LM12WVIHM dimers At least 2 independent experiments were
performed.

[0047] FIGs. 6A-6F are bar graphs illustrating the results of comprehensive screening
with DP4MZWVIM dimers, which identified an array of novel DP4-restricted tumor-
associated antigens. Peripheral CD4™ T cells were purified from six DP4" melanoma patients
and stimulated with DP4-expressing aAPCs individually pulsed with 196 distinct peptides
derived from tumor-associated antigens and stained with cognate DP4L12WVIHM dimers The
results using the 30 peptides with the highest positivity values are shown in FIGs. 6A-6B.
The results for the remaining 166 peptides are shown in FIGs. 6C-6F. Each gating was set so

that control dimer staining showed <0.2% positivity. Positive dimer staining was defined as
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staining exceeding the control dimer staining by 3 standard deviations, as shown by the
dashed line (>0.6%).

[0048] FIGs. 7A-7L are graphical representations of DP4MZWVIM dimer staining of
peptide-specific CD4™ T cells from melanoma patients. Primary CD4" T cells were purified
from six DP4" melanoma patients and stimulated with DP4-expressing aAPCs individually
pulsed with 196 distinct peptides derived from tumor-associated antigens and stained with
cognate DP4LM1ZWVIAIM dimers as shown in Figs. 6A-6F. Examples of DP4M1IZWVIHM qimer
staining are shown. *P<0.05 by Student’s t-test. n.s., not significant. At least 2 independent
experiments were performed.

[0049] FIGs. 8A-8X are graphical representations of data illustrating that DP4-restricted
TCRs isolated from DP4L1ZWVIIM dimerpositive cells and reconstituted in human TCR-
defective CD4™ T cells were functional in a DP4-restricted and antigen-specific manner. 03-
CCND121923 (FIGs. 8A-8D), 05-HSD17B 12225244 and 09-HSD17B 12225244 (FIGs. 8E-8J),
05-LGSN296.315 (FIGs. 8K-8N), 03-MAGE-A210z.127 and 06-MAGE-A21z.127 (FIGs. 80-8T),
and 05-MUCS5ACu922-4041 (FIGs. 8U-8X) were cloned from DP4MIIZWNVIHM dimer_positive
cells, reconstituted in TCR-defective Jurkat 76/CD4 cells, and stained by the respective
DP4L112W/V141M dimers.

[0050] FIGs. 9A-9G are bar graphs illustrating the results of IL-2 EPISPOT assays of 03-
CCND 1219238 (FIG. 9A), 05-HSD17B12225.244 (FIG. 9B), 09-HSD17B12225.244 (FIG. 9C), 05-
LGSNs.315 (FIG. 9D), 03-MAGE-A210s-127 (FIG. 9E), 06-MAGE-A2108.127 (FIG. 9F), and
05-MUCS5AC4922-4941 (FIG. 9G) were stimulated by aAPCs pulsed with the respective
peptides in IL-2 ELISPOT assays. DP4/WT1 (clone 9) TCR was used as a negative control.
At least 2 independent experiments were performed. *, P<0.05 by Student’s t-test. Bars and
error bars represent the mean = SD of results in triplicate experiments.

[0051] FIGs. 10A-10Q are graphical representations of data showing that DP4-restricted
TCRs isolated from DP4M12WVIHM dimer_positive cells and reconstituted in human primary
CD4™ T cells were functional in a DP4-restricted and antigen-specific manner. 03-CCND1219.
238 (FIGs. 10A-10D and 100), 03-MAGE-A2108.127 and 06-MAGE-A2108-127 (FIGs. 10E-10J
and 10P) and 05-MUCS5AC4922-4941 (FIGs. 10K-10N and 10Q) were retrovirally transduced
into human primary CD4™ T cells and stained with the respective DP4M1IZWVIHM dimerg

(FIGs. 10A-10N). *P<0.05 by Student’s t-test. n.s., not significant. At least 2 independent
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experiments were performed. *, P<0.05 by Student’s t-test. Bars and error bars represent the
mean £ SD of results in triplicate experiments.

[0052] FIGs. 11A-11E present data showing that DP4-restricted TCRs cloned from
melanoma patients recognized peptides endogenously processed and presented by K562-
based aAPCs. FIGs. 11A-11B are images of gel chromatography showing CCDN1 (FIG.
11A) and MAGE-A2 (FIG. 11B) endogenously expressed in K562-derived aAPC cells. FIGs.
11C-11D are bar graphs showing the results of IFN-y ELISPOT assays of human primary T
cells retrovirally transduced with 03-CCND1219.238 (FIG. 11C) or 06-MAGE-A2108-127 (FIG.
11D) and stimulated with peptide-unpulsed HLA-null or DP4-aAPCs (FIGs. 11C-11D). FIG.
11E 1s a bar graph showing the results of an IFN-y ELISPOT assay of human primary T cells
retrovirally transduced with 05-MUCS5ACa9224941 TCR and stimulated with MUCS5ACao14-1949
minigene-transduced and peptide-unpulsed HLA-null or DP4-aAPCs. At least 2 independent
experiments were performed. *, P<0.05 by Student’s t-test. Bars and error bars represent the
mean £ SD of results in triplicate experiments.

[0053] FIGs. 12A-12E present data showing that 06-MAGE-A2108.127 TCR recognizes
melanoma cell lines in a DP4- and MAGE-A2-dependent manner. FIG. 12A is an image of
western blot showing endogenous MAGE-A2 expression in K562 cells and the indicated
melanoma cell lines. FIGs. 12B-12E are bar graphs showing data from IFN-y ELISPOT
assays of primary human T cells transduced with 06-MAGE-A2108-127 TCR stimulated with
SK-MEL-21 (DP4" MAGE-A2"; FIG 12B) or SK-MEL-37 (DP4™ MAGE-A2"; FIG 12C) and
SK-MEL-28 (DP4~ MAGE-A2"; FIG 12D) and Me275 (DP4° MAGE-A2"; FIG 12E)
transduced with DP4. * P<0.05 by Student’s t-test. Bars and error bars represent the mean +
SD of results in triplicate experiments. At least 2 independent experiments were performed.

[0054] FIGs. 13A-13Q are histograms comparing expression levels of wild-type
HLADP#*04:01 and derivatives thereof in K562 cells stained with the anti-HLA class Il mAb
clone 9-49. Open histograms represent the isotype control staining FIGs. 14A-14D are
graphical representations of data showing comparison of DP4MIWNVIHM  dimers and
dextramers for the staining of endogenous TRPC1s7s.507-specific CD4™ T cells. Endogenous
(non-transduced) TRPC1s7s-s97-specific CD4™ T cells were expanded from a melanoma
patient by stimulation with peptide-pulsed and irradiated DP4™ artificial APCs and stained
with DP4MEZWVIHIMTRPC ] 575597 dimers (FIG. 14B) or a TRPC 1573-507 dextramer (FIG. 14D).
The corresponding CLIP multimers were used as controls (FIGs. 14A and 14C).
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[0055] FIGs. 15A-15F are graphical representations of data showing comparison of
DP4MIZWNVIIM dimers and conventional DP4 tetramers and dextramers for the staining of
endogenous NY-ESO-1157.170-specific T cells. CD4™ T cells were purified from DP4™ healthy
donor No. 4 and stimulated once with NY-ESO-1157.170-pulsed and irradiated DP4™ artificial
APCs. Expanded CD4™ T cells were individually stained as indicated by three different DP4
multimers (DP4-12WVIIM dimers (FIG. 15B), DP4 tetramers (FIG. 15D), or DP4 dextramers
(FIG.15F)).

[0056] FIGs. 16A-16Y are graphical representations of data showing pathogen-specific
CD4" T cells subjected to ex vivo staining with DP4L2ZWNVIHM dimers Memory CD4" T cells
were purified from five DP4" donors and subjected to ex vivo staining with the
DP4HIZWVIIM dimers for the following pathogen-associated peptides without in vitro
stimulation: TTosg.068 (FIGs. 16F-16J), HSV-2-UL21383.302 (FIGs. 16K-160), Flu-HAs527.546
(FIGs. 16P-16T), and RSV-GPis2-175 (FIGs. 16U-16Y). The CLIP peptide was used as a
negative control (FIGs. 16A-16E).

[0057] FIGs. 17A-17W are graphical representations of data showing endogenous RSV-
GP162-175-specific CD4™ T cell clones successfully established from DP4LIZWVIHM dimer
cells. Memory CD4" T cells were purified from DP4" Donor No. 06 and subjected to ex vivo
staining with DP4M12WVIHM RQV_GPgy.175 dimers without in vitro stimulation. Dimer”
CD4" T cells were then cloned by limiting dilution. FIGs. 17A-17V are graphical
representations of representative dimer staining data of 10 dimer-positive and 1 dimer-
negative single-cell clones. Seventy-seven out of 84 clones (91.7%) were successfully stained
with DP4MZWVIIM RQV_GPigr-175 dimers. FIG. 17W is a bar grapsh showing antigen-
specific IL-2 production in RSV-GPi62-175 dimer™ single-cell clones.

[0058] FIGs. 18A-18S are graphical representations of data showing endogenous DP4
TToas-06s-specific CD4™ T cell clones successfully established from DP4MIZWVIIM dimer
cells. Memory CD4" T cells were purified from DP4" Donor No. 04 and subjected to ex vivo
staining with DP4LIZWNVIM TT, 0 0o dimers without in vitro stimulation. Dimer” CD4" T
cells were then cloned by limiting dilution. FIGs. 18 A-18R are graphical representations of
representative dimer staining data of 8 dimer-positive and 1 dimer-negative single-cell clones.
Twenty-six out of 29 clones (89.7%) were successfully stained with DP411ZW/VIHIM TT,,0 460
dimers. FIG. 18S is a bar grapsh showing antigen-specific IL-2 production in TToss-963 dimer”

single-cell clones.
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[0059] FIGs. 19A-19NN are graphical representations of DP4 multimer staining of RSV-
GP (FIGs. 19A-19P) and TT (FIGs. 19Q-19NN) dimer” single-cell clones. RSV-GP dimer”
single-cell clones (c6, c12, ¢26, and c39) were stained with either DP4-12W/VIIM R QV/_GPy6).
175 dimers (FIGs. 19B, 19D, 19F, and 19H) or wild-type DP4 dextramers (FIGs. 19J, 19L,
19N, and 19P). TT dimer™ single-cell clones (c2, ¢4, ¢6, and ¢9) were individually stained
with three different DP4 TToug-06s multimers (DP4X122WVIIM dqimers (FIGs. 19R, 19T, 19V,
and 19X), wild-type DP4 tetramers (FIGs. 19Z, 19BB, 19DD, and 19FF), and wild-type DP4
dextramers (FIGs. 19HH, 19JJ, 19LL, and 19NN).

DETAILED DESCRIPTION OF THE DISCLOSURE

[0060] The present disclosure is directed to MHC class II molecules with increased
affinity for CD4. In some aspects, the present disclosure is directed to MHC class II
molecules comprising an HLA-DP (DP) beta chain, wherein the DP beta chain has increased
affinity for CD4.

[0061] The present disclosure is further directed to MHC class II molecules comprising a
DP beta chain, wherein the DP beta chain comprises an amino acid other than leucine at a
position corresponding to amino acid residue 112 of SEQ ID NO: 1. In some aspects, the DP
beta chain further comprises an amino acid other than valine at a position corresponding to
amino acid residue 141 of SEQ ID NO: 1.

[0062] The present disclosure is further directed to MHC class II molecules comprising a
DP beta chain, wherein the DP beta chain comprises an amino acid other than valine at a
position corresponding to amino acid residue 141 of SEQ ID NO: 1. In some aspects, the DP
beta chain further comprises an amino acid other than leucine at a position corresponding to

amino acid residue 112 of SEQ ID NO: 1.

L Terms

[0063] In order that the present disclosure can be more readily understood, certain terms
are first defined. As used in this application, except as otherwise expressly provided herein,
each of the following terms shall have the meaning set forth below. Additional definitions are
set forth throughout the application.

[0064] It is to be noted that the term "a" or "an" entity refers to one or more of that entity;

for example, "a nucleotide sequence," is understood to represent one or more nucleotide
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sequences. As such, the terms "a" (or "an"), "one or more," and "at least one" can be used
interchangeably herein.

[0065] Furthermore, "and/or" where used herein is to be taken as specific disclosure of
each of the two specified features or components with or without the other. Thus, the term
"and/or" as used in a phrase such as "A and/or B" herein is intended to include "A and B," "A
or B," "A" (alone), and "B" (alone). Likewise, the term "and/or" as used in a phrase such as
"A, B, and/or C" is intended to encompass each of the following aspects: A, B, and C; A, B,
orC;, AorC; AorB;Bor C; Aand C; A and B; B and C; A (alone); B (alone); and C
(alone).

[0066] The term "about" is used herein to mean approximately, roughly, around, or in the
regions of. When the term "about" is used in conjunction with a numerical range, it modifies
that range by extending the boundaries above and below the numerical values set forth. In
general, the term "about" is used herein to modify a numerical value above and below the
stated value by a variance of 10 percent, up or down (higher or lower).

[0067] It is understood that wherever aspects are described herein with the language
"comprising," otherwise analogous aspects described in terms of "consisting of" and/or
"consisting essentially of" are also provided.

[0068] Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
disclosure is related. For example, the Concise Dictionary of Biomedicine and Molecular
Biology, Juo, Pei-Show, 2nd ed., 2002, CRC Press; The Dictionary of Cell and Molecular
Biology, 3rd ed., 1999, Academic Press; and the Oxford Dictionary Of Biochemistry And
Molecular Biology, Revised, 2000, Oxford University Press, provide one of skill with a
general dictionary of many of the terms used in this disclosure.

[0069] Units, prefixes, and symbols are denoted in their Systéme International de Unites
(SD accepted form. Numeric ranges are inclusive of the numbers defining the range. Unless
otherwise indicated, nucleotide sequences are written left to right in 5' to 3' orientation.
Amino acid sequences are written left to right in amino to carboxy orientation. The headings
provided herein are not limitations of the various aspects of the disclosure, which can be had
by reference to the specification as a whole. Accordingly, the terms defined immediately

below are more fully defined by reference to the specification in its entirety.
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[0070] "Administering" refers to the physical introduction of an agent to a subject, using
any of the various methods and delivery systems known to those skilled in the art. Exemplary
routes of administration for the formulations disclosed herein include intravenous,
intramuscular, subcutaneous, intraperitoneal, spinal or other parenteral routes of
administration, for example by injection or infusion. The phrase "parenteral administration"
as used herein means modes of administration other than enteral and topical administration,
usually by injection, and includes, without limitation, intravenous, intramuscular,
intraarterial, intrathecal, intralymphatic, intralesional, intracapsular, intraorbital, intracardiac,
intradermal, intraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticular,
subcapsular, subarachnoid, intraspinal, epidural and intrasternal injection and infusion, as
well as in vivo electroporation. In some aspects, the formulation is administered via a non-
parenteral route, e.g., orally. Other non-parenteral routes include a topical, epidermal or
mucosal route of administration, for example, intranasally, vaginally, rectally, sublingually or
topically. Administering can also be performed, for example, once, a plurality of times,
and/or over one or more extended periods.

[0071] The term "HLA," as used herein, refers to the human leukocyte antigen. HLA
genes encode the major histocompatibility complex (MHC) proteins in humans. MHC
proteins are expressed on the surface of cells, and are involved in activation of the immune
response. HLA class II genes encode MHC class II proteins which are expressed on the
surface of professional antigen presenting cells (APCs). Non-limiting examples of
professional APCs include monocytes, macrophages, dendritic cells (DCs), and B
lymphocytes. Some endothelial and epithelial cells can also express MHC class II molecules
after inflammatory signals are activated. Humans lacking functional MHC class II molecules
are extremely susceptible to an array of infectious diseases and typically die at a young age.

[0072] As used herein, an "HLA class I molecule" or "MHC class II molecule" refers to
a protein product of a wild-type or variant HLA class II gene encoding an MHC class II
molecule. Accordingly, "HLA class II molecule" and "MHC class II molecule" are used
interchangeably herein. A typical MHC Class II molecule comprises two protein chains: an
alpha chain and a beta chain. In general, naturally occurring alpha chains and beta chains
each comprise a transmembrane domain, which anchors the alpha/beta chain to the cell
surface, and an extracellular domain, which carries the antigen and interacts with a TCR

and/or CD4 expressed on a T cell.
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[0073] Both the MHC Class II alpha and beta chains are encoded by the HLA gene
complex. The HLA complex is located within the 6p21.3 region on the short arm of human
chromosome 6 and contains more than 220 genes of diverse function. The HLA gene
complex is highly variant, with over 20,000 HLA alleles and related alleles, including over
250 MHC class II alpha chain alleles and 5,000 MHC class II beta chain alleles, known in the
art, encoding thousands of MHC class II proteins (see, e.g., hla.alleles.org, last visited May
20, 2019, which is incorporated by reference herein in its entirety). For example one such
HLA-DP allele, DP4 is the most frequently found allele in many ethnic groups. Each alpha
chain and beta chain is typically expressed as a proprotein, which further comprises a signal
peptide that is cleaved off. Any number of naturally occurring signal peptides can be used to
facilitate expression and localization of the alpha chains and beta chains disclosed herein.
One such example is SEQ ID NO: 9.

[0074] Three loci in the HLA complex encode MHC Class II proteins: HLA-DP, HLA-
DQ, and HLA-DR. HLA-DO and HLA-DM encode proteins that associate with the MHC
class II molecule and support its configuration and function. Representative HLA-DP
sequences are provided in Table 1.

Table 1: DP Beta chain and alpha chain amino acid and nucleotide sequences.

Beta Chain

DPB1*04:01 Extracellular Domain (SEQ ID NO: 1)
RATPENYLFQGRQECYAFNGTQRFLERYIYNREEFARFDSDVGEFRAVTELGRPAAE
YWNSQKDILEEKRAVPDRMCRHNYELGGPMTLQRRVQPRVNVSPSKKGPLQHHNL
LVCHVTDFYPGSIQVRWFLNGQEETAGVVSTNLIRNGDWTFQILVMLEMTPQQGDV
YTCQVEHTSLDSPVTVEWKAQSDSARSK

DPB1*04:01 Extracellular Domain (SEQ ID NO: 2)
AGGGCCACTCCAGAGAATTACCTTTTCCAGGGACGGCAGGAATGCTACGCGTTT
AATGGGACACAGCGCTTCCTGGAGAGATACATCTACAACCGGGAGGAGTTCGCG
CGCTTCGACAGCGACGTGGGGGAGTTCCGGGCGGTGACGGAGCTGGGGCGGCCT
GCTGCGGAGTACTGGAACAGCCAGAAGGACATCCTGGAGGAGAAGCGGGCAGT
GCCGGACAGGATGTGCAGACACAACTACGAGCTGGGCGGGCCCATGACCCTGCA
GCGCCGAGTCCAGCCTAGGGTGAATGTTTCCCCCTCCAAGAAGGGGCCCTTGCA
GCACCACAACCTGCTTGTCTGCCACGTGACGGATTTCTACCCAGGCAGCATTCAA
GTCCGATGGTTCCTGAATGGACAGGAGGAAACAGCTGGGGTCGTGTCCACCAAC




WO 2021/019475 PCT/IB2020/057175
-20 -

CTGATCCGTAATGGAGACTGGACCTTCCAGATCCTGGTGATGCTGGAAATGACCC
CCCAGCAGGGAGATGTCTACACCTGCCAAGTGGAGCACACCAGCCTGGATAGTC
CTGTCACCGTGGAGTGGAAGGCACAGTCTGATTCTGCCCGGAGTAAG

DPB1*04:01 L112W/V141M Extracellular Domain (SEQ ID NO: 3)
RATPENYLFQGRQECYAFNGTQRFLERYIYNREEFARFDSDVGEFRAVTELGRPAAE
YWNSQKDILEEKRAVPDRMCRHNYELGGPMTLQRRVQPRVNVSPSKKGPLQHHN
WLVCHVTDFYPGSIQVRWFLNGQEETAGVMSTNLIRNGDWTFQILVMLEMTPQQG
DVYTCQVEHTSLDSPVTVEWKAQSDSARSK

Signal Peptide; DPBI1*04:01 L1I12W/VI4IM Extracellular Domain;, Gly/Ser Linker; Zip
Sequences and His tag sequences) (SEQ ID NO: 4)
MMRPIVLVLLFATSALARATPENYLFQGRQECYAFNGTQRFLERYIYNREEFARFDS
DVGEFRAVTELGRPAAEYWNSQKDILEEKRAVPDRMCRHNYELGGPMTLQRRVQP
RVNVSPSKKGPLQHHNWLVCHVTDFYPGSIQVRWFLNGQEETAGVMSTNLIRNGD
WTFQILVMLEMTPQQGDVYTCQVEHTSLDSPVTVEWKAQSDSARSKGGGGSLEIEA

AFLERENTALETRVAELRQRVORILRNRVSQYRTRYGPLGGGK

Full-length wild-type DPB1#04:01 (SEQ ID NO: 5)
MMVLQVSAAPRTVALTALLMVLLTSVVQGRATPENYLFQGRQECYAFNGTQRFLE
RYIYNREEFARFDSDVGEFRAVTELGRPAAEYWNSQKDILEEKRAVPDRMCRHNYE
LGGPMTLQRRVQPRVNVSPSKKGPLQHHNLLVCHVTDFYPGSIQVRWFLNGQEETA
GVVSTNLIRNGDWTFQILVMLEMTPQQGDVYTCQVEHTSLDSPVTVEWKAQSDSAR
SKTLTGAGGFVLGLICGVGIFMHRRSKKVQRGSA

Signal Peptide; DPB1*04:01 Extracellular Domain; and Gly/Ser Linker, Zip Sequences, GS
linker, and biotinylation sequences) (SEQ ID NO: 238)

MMRPIVLVLLFATSALARATPENYLFOGROECYAFNGTOQRFLERYIYNREEFARFDSDVGEFRAVTELGRPAAE
YWNSQKDILEEKRAVPDRMCRHNYELGGPMTLOQRRVQOPRVNVSPSKKGPLOHHNLLVCHVIDFYPGSIQVRWEL
NGQEETAGVVSTNLIRNGDWTFQILVMLEMTPOQOGDVYTCOQVEHTSLDS PVTVEWNKAQSDSARSKGGGGSLETE
AAFLERENTALETRVAELRORVORLRNRVSQYRTRYGPLGGGKGSGLNDI FEAQKT EWHE

Signal Peptide; DPB1*04:01 Extracellular Domain; Gly/Ser Linker; Zip Sequences, GS
linker and biotinylation sequences) (SEQ ID NO: 239)

ATGATGAGGCCCATCGTGCTGGTGCTGCTGTTCGCCACATCTGCCCTGGCCAGAGCCACCCCCGAGAACTACCT
GTTTCAGGGCCGGCAGGAATGCTACGCCTTCAACGGCACCCAGCGGTTTCTGGAACGGTACATCTACAACCGGG
AAGAGTTCGCCAGATTCGACAGCGACGTGGGCGAGTTCAGAGCCGTGACAGAGCTGGGCAGACCTGCCGCCGAG
TACTGGAACAGCCAGAAGGACATCCTGGAAGAGAAGCGGGCCGEGTGCCCGACCGGATGTGCAGACACAATTACGA
GCTGGGAGGCCCCATGACCCTGCAGAGAAGAGTGCAGCCCAGAGTGAACGTGTCCCCCAGCAAGAAGGGLCCCCC
TGCAGCACCACAACTTGCTTGTCTGCCACGTGACCGACTTCTACCCCGGCTCTATCCAAGTGCGGTGGTTCCTG
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AACGGCCAGGAAGAGACAGCCGGCGTGGTGTCCACCAACCTGATCAGAAACGGCGACTGGACCTTCCAGATCCT
CGTGATGCTGGAAATGACCCCCCAGCAGGGCGACGTGTACACCTGTCAGGTGGAACACACCAGCCTGGACAGCC
CCGTGACCGTGGAATGGAAGGCCCAGAGCGATAGCGCCAGAAGCAAAGGCGGCGGAGGCAGCCTGGAAATCGAG
GCCGCCTTCCTGGAAAGAGAGAACACCGCCCTGGAAACCCGGEGTGGCCGAGCTGAGACAGAGAGTGCAGAGACT
GCGGAACCGGGTGTCCCAGTACCGGACCAGATATGGCCCTCTGGGAGGCGGCAAAGGGTCCGGCTTGAACGACA
TTTTTGAGGCCCAGAAGATAGAGTGGCACGAGTGA

Signal Peptide; DPBI1*04:01 LI112W/VI14IM FExtracellular Domain;, Gly/Ser Linker;, Zip
Sequences; GS linker and biotinylation sequences) (SEQ ID NO: 240)

MMRPIVLVLLFATSALARATPENYLFQGRQECYAFNGTQRFLERYIYNREEFARFDSDVGEFRAVIELGRPAAE
YWNSQKDILEEKRAVPDRMCRHNYELGGPMTLOQRRVOQPRVNVSPSKKGPLOHHNWLVCHVTDEYPGSIQVRWEL
NGQEETAGVMSTNLIRNGDWTFQILVMLEMTPQOGDVYTCQVEHTSLDSPVTVEWKAQSDSARSKGGGGSLETE
AAFLERENTALETRVAELRORVORLRNRVSQYRTRYGPLGGGKGSGLNDIFEAQKTEWHE

Signal Peptide; DPBI1*04:01 LI112W/VI14IM FExtracellular Domain;, Gly/Ser Linker;, Zip
Sequences; GS linker and biotinylation sequences) (SEQ ID NO: 241)

ATGATGAGGCCCATCGTGCTGGTGCTGCTGTTCGCCACATCTGCCCTGGCCAGAGCCACCCCCGAGAACTACCT
GTTTCAGGGCCGGCAGGAATGCTACGCCTTCAACGGCACCCAGCGGTTTCTGGAACGGTACATCTACAACCGGG
AAGAGTTCGCCAGATTCGACAGCGACGTGGGCGAGTTCAGAGCCGTGACAGAGCTGGGCAGACCTGCCGCCGAG
TACTGGAACAGCCAGAAGGACATCCTGGAAGAGAAGCGGGCCGEGTGCCCGACCGGATGTGCAGACACAATTACGA
GCTGGGAGGCCCCATGACCCTGCAGAGAAGAGTGCAGCCCAGAGTGAACGTGTCCCCCAGCAAGAAGGGLCCCCC
TGCAGCACCACAACTGGCTTGTCTGCCACGTGACCGACTTCTACCCCGGCTCTATCCAAGTGCGGETGETTCCTG
AACGGCCAGGAAGAGACAGCCGGCGTGATGTCCACCAACCTGATCAGAAACGGCGACTGGACCTTCCAGATCCT
CGTGATGCTGGAAATGACCCCCCAGCAGGGCGACGTGTACACCTGTCAGGTGGAACACACCAGCCTGGACAGCC
CCGTGACCGTGGAATGGAAGGCCCAGAGCGATAGCGCCAGAAGCAAAGGCGGCGGAGGCAGCCTGGAAATCGAG
GCCGCCTTCCTGGAAAGAGAGAACACCGCCCTGGAAACCCGGEGTGGCCGAGCTGAGACAGAGAGTGCAGAGACT
GCGGAACCGGGTGTCCCAGTACCGGACCAGATATGGCCCTCTGGGAGGCGGCAAAGGGTCCGGCTTGAACGACA
TTTTTGAGGCCCAGAAGATAGAGTGGCACGAGTGA

Alpha Chain

DPA1*01:03 Extracellular Domain (SEQ ID NO: 6)
IKADHVSTYAAFVQTHRPTGEFMFEFDEDEMFY VDLDKKETVWHLEEFGQAFSFEA
QGGLANIAILNNNLNTLIQRSNHTQATNDPPEVTVFPKEPVELGQPNTLICHIDKFFPP
VLNVTWLCNGELVTEGVAESLFLPRTDYSFHKFHYLTFVPSAEDFYDCRVEHWGLD
QPLLKHWEAQEPIQMPETTET

DPA1*01:03 Extracellular Domain (SEQ ID NO: 7)
ATCAAGGCCGACCACGTGTCCACATACGCCGCCTTCGTGCAGACCCACAGACCC
ACCGGCGAGTTCATGTTCGAGTTCGACGAGGACGAGATGTTCTACGTGGACCTG
GACAAGAAAGAAACCGTGTGGCACCTGGAAGAGTTCGGCCAGGCCTTCAGCTTT
GAGGCCCAGGGCGGACTGGCCAATATCGCCATCCTGAACAACAACCTGAACACC
CTGATCCAGCGGAGCAACCACACCCAGGCCACCAACGATCCCCCCGAAGTGACC
GTGTTCCCCAAAGAACCCGTGGAACTGGGCCAGCCCAATACCCTGATCTGCCAC
ATCGACAAGTTCTTCCCCCCCGTGCTGAACGTGACCTGGCTGTGCAATGGCGAGC
TCGTGACAGAGGGCGTGGCCGAGTCTCTGTTCCTGCCCAGAACCGACTACAGCTT
CCACAAGTTCCACTACCTGACCTTCGTGCCCAGCGCCGAGGACTTCTACGACTGC
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AGAGTGGAACACTGGGGCCTGGACCAGCCCCTGCTGAAACATTGGGAAGCCCAG
GAACCCATCCAGATGCCCGAGACAACCGAGACA

Signal Peptide; DPA1*01:03 Extracellular Domain; Gly/Ser Linker, Zip Sequences and His
tag sequences)(SEQ ID NO: 8)
MMRPIVLVLLFATSALAIKADHVSTYAAFVQTHRPTGEFMFEFDEDEMFY VDLDKK
ETVWHLEEFGQAFSFEAQGGLANIAILNNNLNTLIQRSNHTQATNDPPEVTVFPKEPV
ELGQPNTLICHIDKFFPPVLNVTWLCNGELVTEGVAESLFLPRTDYSFHKFHYLTFVP
SAEDFYDCRVEHWGLDQPLLKHWEAQEPIQMPETTETGGGGSLEIRAAFLRORNTA

LRTEVAELEQEVORLENEVSOYETRYGPLGGGKGSHHHHHH

Signal Peptide; DPA1*01:03 Extracellular Domain; Gly/Ser Linker, Zip Sequences, and His
tag sequences (10X) (SEQ ID NO: 242)

MMRPIVLVLLFATSALATKADHVSTYAAFVOTHRPTGEFMFEFDEDEMEFYVDLDKKETVWHLEEFGOQAFSFEAQ
GGLANIATLNNNLNTLIQRSNHTQATNDPPEVIVFPKEPVELGOPNTLICHIDKFFPPVLNVTWLCNGELVTEG
VAESLFLPRTDYSFHKFHYLTEVPSAEDFYDCRVEHWGLDOQPLLKHWEAQEPTOMPETTETGGGGSLETIRAAFL
RORNTALRTEVAELEQEVORLENEVSQYETRYGPLGGGKGSHHHHHEHHHH

Signal Peptide; DPA1*01:03 Extracellular Domain; Gly/Ser Linker, Zip Sequences, and His
tag sequences (10X) (SEQ ID NO: 243)

ATGATGAGGCCCATCGTGCTGGTGCTGCTGTTCGCCACATCTGCCCTGGCCATCAAGGCCGACCACGTGTCCAC
ATACGCCGCCTTCGTGCAGACCCACAGACCCACCGGCGAGTTCATGTTCGAGTTCGACGAGGACGAGATGTTCT
ACGTGGACCTGGACAAGAAAGAAACCGTGTGGCACCTGGAAGAGTTCGGCCAGGCCTTCAGCTTTGAGGCCCAG
GGCGGACTGGCCAATATCGCCATCCTGAACAACAACCTGAACACCCTGATCCAGCGGAGCAACCACACCCAGGC
CACCAACGATCCCCCCGAAGTGACCGTGTTCCCCAAAGAACCCGTGGAACTGGGCCAGCCCAATACCCTGATCT
GCCACATCGACAAGTTCTTCCCCCCCGTGCTGAACGTGACCTGGCTGTGCAATGGCGAGCTCGTGACAGAGGGC
GTGGCCGAGTCTCTGTTCCTGCCCAGAACCGACTACAGCTTCCACAAGTTCCACTACCTGACCTTCGTGCCCAG
CGCCGAGGACTTCTACGACT GCAGAGTGGAACACTGGGGCCTGGACCAGCCCCTGCTGAAACATTGGGAAGCCC
AGGAACCCATCCAGATGCCCGAGACAACCGAGACAGGCGGCGGAGGCAGCCTGGAAATCAGAGCCGCCTTCCTG
CGGCAGAGAAACACCGCCCTGAGAACCGAAGTGGCCGAGCTGGAACAGGAAGTGCAGCGGCTGGAAAACGAGGT
GTCCCAGTACGAGACAAGATACGGCCCTCTGGGAGGCGGCAAGGGCTCTCACCACCACCATCACCATCATCATC
ACCATTGA

Signal Peptide (Fibroin light chain-derived)

MMRPIVLVLLFATSALA (SEQ ID NO: 9)

[0075] When the MHC class II molecule is complexed with an antigen peptide, the 10-30

amino acid long antigen peptide binds the peptide-binding groove and is presented
extracellularly to CD4+ cells. Both the alpha- and beta-chains fold into two separate domains;
alpha-1 and alpha-2 for the alpha polypeptide, and beta-1 and beta-2 for the beta polypeptide.
The invariant residues at L112, V114, V141, L156, and M158 that are recognized and bound
by CD4 are located in the beta-2 domain of the beta polypeptide. The open-ended peptide-
binding groove which holds the presented antigen is found between the alpha-1 and beta-1

domains. Upon interaction with a CD4+ T cell, the MHC class II complex interacts with a T
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cell receptor (TCR) expressed on the surface of the T cell. In addition, the beta chain of the
MHC class II molecule weakly interacts (Kp > 2 mM) with CD4 expressed on the surface of
the T cell. The canonical CD4 amino acid sequence (UniProt - PO1730) is provided in Table
2 (SEQ ID NO: 10).

Table 2: Human CD4 Amino Acid Sequence

MNRGVPFRHLLLVLQLALLPAATQGKKVVLGKKGDTVELTCTASQKKSIQFHWKNS
NQIKILGNQGSFLTKGPSKLNDRADSRRSLWDQGNFPLIIKNLKIEDSDTYICEVEDQK
EEVQLLVFGLTANSDTHLLQGQSLTLTLESPPGSSPSVQCRSPRGKNIQGGKTLSVSQ
LELQDSGTWTCTVLQNQKKVEFKIDIVVLAFQKASSIVYKKEGEQVEFSFPLAFTVEK
LTGSGELWWQAERASSSKSWITFDLKNKEVSVKRVTQDPKLOMGKKLPLHLTLPQA
LPQYAGSGNLTLALEAKTGKLHQEVNLVVMRATQLQKNLTCEVWGPTSPKLMLSL
KLENKEAKVSKREKAVWVLNPEAGMWQCLLSDSGQVLLESNIKVLPTWSTPVQPM
ALIVLGGVAGLLLFIGLGIFFCVRCRHRRRQAERMSQIKRLLSEKKTCQCPHRFQKTC
SPI (SEQ ID NO: 10)

[0076] The term "T cell receptor" (TCR), as used herein, refers to a heteromeric cell-
surface receptor capable of specifically interacting with a target antigen. As used herein,
"TCR" includes but is not limited to naturally occurring and non-naturally occurring TCRs,
full-length TCRs and antigen binding portions thereof, chimeric TCRs, TCR fusion
constructs, and synthetic TCRs. In human, TCRs are expressed on the surface of T cells, and
they are responsible for T cell recognition and targeting of antigen presenting cells. Antigen
presenting cells (APCs) display fragments of foreign proteins (antigens) complexed with the
major histocompatibility complex (MHC class I or MHC class II; also referred to herein as
complexed with an HLA molecule, e.g., an HLA class II molecule). A TCR recognizes and
binds to the peptide: HLA complex and recruits CD8 (for MHC Class I molecules) or CD4
(for MHC class II molecules) expressed by T cells, activating the TCR. The activated TCR
initiates downstream signaling and an immune response, including the destruction of the
APC.

[0077] In general, a TCR can comprise two chains, an alpha chain and a beta chain (or
less commonly a gamma chain and a delta chain), interconnected by disulfide bonds. Each
chain comprises a variable domain (alpha chain variable domain and beta chain variable

domain) and a constant region (alpha chain constant region and beta chain constant region).



WO 2021/019475 PCT/IB2020/057175
-24 -

The variable domain is located distal to the cell membrane, and the variable domain interacts
with an antigen. The constant region is located proximal to the cell membrane. A TCR can
further comprises a transmembrane region and a short cytoplasmic tail. As used herein, the
term "constant region" encompasses the transmembrane region and the cytoplasmic tail,
when present, as well as the traditional "constant region."

[0078] The variable domains can be further subdivided into regions of hypervariability,
termed complementarity determining regions (CDRs), interspersed with regions that are more
conserved, termed framework regions (FR). Each alpha chain variable domain and beta chain
variable domain comprises three CDRs and four FRs: FR1, CDR1, FR2, CDR2, FR3, CDR3,
FR4. Each variable domain contains a binding domain that interacts with an antigen. Though
all three CDRs on each chain are involved in antigen binding, CDR3 is believed to be the
primary antigen binding region, while CDR1 and CDR?2 are believed to primarily recognize
the HLA molecule.

[0079] Where not expressly stated, and unless the context indicates otherwise, the term
"TCR" also includes an antigen-binding fragment or an antigen-binding portion of any TCR
disclosed herein, and includes a monovalent and a divalent fragment or portion, and a single
chain TCR. The term "TCR" is not limited to naturally occurring TCRs bound to the surface
of a T cell. As used herein, the term "TCR" further refers to a TCR described herein that is
expressed on the surface of a cell other than a T cell (e.g., a cell that naturally expresses or
that is modified to express CD4, as described herein), or a TCR described herein that is free
from a cell membrane (e.g., an isolated TCR or a soluble TCR).

[0080] An "antigen binding molecule," "portion of a TCR," or "TCR fragment" refers to
any portion of an TCR less than the whole. An antigen binding molecule can include the
antigenic CDRs.

[0081] An "antigen" refers to any molecule, e.g., a peptide, that provokes an immune
response or is capable of being bound by a TCR. An "epitope," as used herein, refers to a
portion of a polypeptide that provokes an immune response or is capable of being bound by a
TCR. The immune response may involve either antibody production, or the activation of
specific immunologically-competent cells, or both. A person of skill in the art would readily
understand that any macromolecule, including virtually all proteins or peptides, can serve as
an antigen. An antigen and/or an epitope can be endogenously expressed, 7.e. expressed by

genomic DNA, or can be recombinantly expressed. An antigen and/or an epitope can be
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specific to a certain tissue, such as a cancer cell, or it can be broadly expressed. In addition,
fragments of larger molecules can act as antigens. In one aspect, antigens are tumor antigens.
An epitope can be present in a longer polypeptide (e.g., in a protein), or an epitope can be
present as a fragment of a longer polypeptide. In some aspects, an epitope is complexed with
a major histocompatibility complex (MHC; also referred to herein as complexed with an
HLA molecule, e.g., an HLA class 1 molecule).

[0082] The term "autologous" refers to any material derived from the same individual to
which it is later to be re-introduced. For example, an autologous T cell therapy comprises
administering to a subject a T cell that was isolated from the same subject. The term
"allogeneic" refers to any material derived from one individual which is then introduced to
another individual of the same species. For example, an allogeneic T cell transplantation
comprises administering to a subject a T cell that was obtained from a donor other than the
subject.

[0083] A "cancer" refers to a broad group of various diseases characterized by the
uncontrolled growth of abnormal cells in the body. Unregulated cell division and growth
results in the formation of malignant tumors that invade neighboring tissues and may also
metastasize to distant parts of the body through the lymphatic system or bloodstream. A
"cancer" or "cancer tissue" can include a tumor. Examples of cancers that can be treated by
the methods of the present invention include, but are not limited to, cancers of the immune
system including lymphoma, leukemia, and other leukocyte malignancies. In some aspects,
the methods of the present invention can be used to reduce the tumor size of a tumor derived
from, for example, melanoma, bone cancer, pancreatic cancer, skin cancer, cancer of the head
or neck, uterine cancer, ovarian cancer, rectal cancer, stomach cancer, uterine cancer, lung
cancer, Hodgkin's Disease, non-Hodgkin's lymphoma (NHL), cancer of the esophagus,
cancer of the small intestine, cancer of the urethra, chronic or acute leukemia, acute myeloid
leukemia, chronic myeloid leukemia, acute lymphoblastic leukemia (ALL) (including non T
cell ALL), chronic lymphocytic leukemia (CLL), cancer of the bladder, cancer of the kidney
or ureter, carcinoma of the renal pelvis, glioma, squamous cell cancer, and combinations of
said cancers. The particular cancer can be responsive to chemo- or radiation therapy or the
cancer can be refractory. A refractory cancer refers to a cancer that is not amendable to
surgical intervention, and the cancer is either initially unresponsive to chemo- or radiation

therapy or the cancer becomes unresponsive over time.
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[0084] The term "progression-free survival," which can be abbreviated as PFS, as used
herein refers to the time from the treatment date to the date of disease progression per the
revised IWG Response Criteria for Malignant Lymphoma or death from any cause.

[0085] The term "overall survival," which can be abbreviated as OS, is defined as the
time from the date of treatment to the date of death.

[0086] The term "infection," as used herein refers to any type of invasion of one or more
tissue of the body by a foreign agent. The term "infection" includes without limitation
infection by a virus (including viroids and prions), a bacterium, a fungus, a parasite, and any
combination thereof.

[0087] The term "lymphocyte" as used herein includes natural killer (NK) cells, T cells,
or B cells. NK cells are a type of cytotoxic (cell toxic) lymphocyte that represents a major
component of the inherent immune system. NK cells reject tumors and cells infected by
viruses. It works through the process of apoptosis or programmed cell death. They were
termed “natural killers” because they do not require activation in order to kill cells. T-cells
play a major role in cell-mediated-immunity (no antibody involvement). T-cell receptors
(TCR) differentiate T cells from other lymphocyte types. The thymus, a specialized organ of
the immune system, is primarily responsible for the T cell’s maturation. There are six types
of T-cells, namely: Helper T-cells (e.g., CD4+ cells), Cytotoxic T-cells (also known as TC,
cytotoxic T lymphocyte, CTL, T-killer cell, cytolytic T cell, CD8+ T-cells or killer T cell),
Memory T-cells ((1) stem memory Tscm cells, like naive cells, are CD45RO—, CCR7+,
CD45RA+, CD62L+ (L-selectin), CD27+, CD28+ and IL-7Ra+, but they also express large
amounts of CD95, IL-2RB, CXCR3, and LFA-1, and show numerous functional attributes
distinctive of memory cells); (i1) central memory Tcewm cells express L-selectin and the CCR7,
they secrete IL-2, but not IFNy or IL-4, and (ii1) effector memory Tewm cells, however, do not
express L-selectin or CCR7 but produce effector cytokines like IFNy and IL-4), Regulatory
T-cells (Tregs, suppressor T cells, or CD4+CD25+ regulatory T cells), Natural Killer T-cells
(NKT) and Gamma Delta T-cells. B-cells, on the other hand, play a principal role in humoral
immunity (with antibody involvement). A B cell makes antibodies and antigens and performs
the role of antigen-presenting cells (APCs) and turns into memory B-cells after activation by
antigen interaction. In mammals, immature B-cells are formed in the bone marrow, where its

name is derived from.
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[0088] The terms "modified" and "mutated," when used herein to refer to a nucleotide or
amino acid sequence, refers to a change in the sequence relative to a wild-type sequence or a
specified reference sequence. The terms "modified" and "mutated" do not require a step in a
process for making the modified or mutated sequence (e.g., the modified beta chain
sequence), unless otherwise specified. Rather, these terms indicate that there is a variation in
the modified or mutated sequence relative to a reference sequence, e.g., a wild-type sequence.
For example, a DP beta chain comprising a substitution mutation at a position corresponding
to amino acid residue 112 of SEQ ID NO: 1 does not require that a wild-type DP beta chain
has been physically altered to arrive at the recited DP beta chain; but rather that, when
properly aligned, the recited DP beta chain comprises an amino acid residue at the recited
position (residue 112) that is different from the amino acid residue at the corresponding
position in a wild-type or reference DP beta chain.

[0089] The term "any amino acid," as used herein, means any known amino acid. Amino
acids are organic compounds comprising (i) an amine (-NH3z) functional group, (ii) a carboxyl
(-COOH)_functional group, and (iii) a side chain (R group), wherein the side chain is specific
to each amino acid. This includes but is not limited to any naturally occurring amino acid, as
well as any modifications and variants thereof. There are about 500 naturally occurring amino
acids, 20 of which are encoded by the genetic code. Amino acids with positively charged side
chains include arginine (Arg; R), histidine (His, H), and lysine (Lys; K). Amino acids with a
negatively charged side chain include aspartic acid (Asp; D) and glutamic acid (Glu; E).
Amino acids with a polar uncharged side chain include serine (Ser; S), threonine (Thr; T),
glutamine (Gln; Q), and asparagine (Asn; N). Amino acids with a hydrophobic side chain
include alanine (Ala; A), isoleucine (Ile; I), leucine (Leu; L), methionine (Met; M),
phenylalanine (Phe; F), valine (Val; V), Tryptophan (Trp; W), Tyrosine (Tyr; Y). Tryptophan
(Trp; W), tyrosine (Tyr; Y), and methionine (Met; M) can also be classified as polar and/or
amphipathic, in that these amino acids can often be found at the surface of proteins or lipid
membranes. Additional amino acids include cysteine (Cys; C), selenocysteine (Sec; U),
glycine (Gly; G) and proline (Pro; P).

[0090] As used herein "at a position corresponding to" is used as a means to identify a
particular amino acid residue, e.g., a specific amino acid position, in a polynucleotide or a
particular nucleic acid, e.g., a specific nucleic acid position, in a polypeptide. The position

can be determined by properly aligning the sequence in question with the referenced
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sequence. A person of skill in the art would readily understand how to align to sequences to
determine the relative position. For example, various alignment tools are available online,
including, without limitation, "Clustal Omega Multiple Sequence Alignment," available at
www.ebi.ac.uk (last visited May 25, 2019).

[0091] The term "genetically engineered" or "engineered" refers to a method of
modifying the genome of a cell, including, but not limited to, deleting a coding or non-coding
region or a portion thereof or inserting a coding region or a portion thereof. In some aspects,
the cell that is modified is a lymphocyte, e.g., a T cell or a modified cell that expresses CD4,
which can either be obtained from a patient or a donor. The cell can be modified to express
an exogenous construct, such as, e.g., a T cell receptor (TCR) disclosed herein, which is
incorporated into the cell's genome. In some aspects, the cell is modified to express CD4.

[0092] An "immune response" refers to the action of a cell of the immune system (for
example, T lymphocytes, B lymphocytes, natural killer (NK) cells, macrophages, eosinophils,
mast cells, dendritic cells and neutrophils) and soluble macromolecules produced by any of
these cells or the liver (including Abs, cytokines, and complement) that results in selective
targeting, binding to, damage to, destruction of, and/or elimination from a vertebrate's body
of invading pathogens, cells or tissues infected with pathogens, cancerous or other abnormal
cells, or, in cases of autoimmunity or pathological inflammation, normal human cells or
tissues.

[0093] The term "immunotherapy" refers to the treatment of a subject afflicted with, or at
risk of contracting or suffering a recurrence of, a disease by a method comprising inducing,
enhancing, suppressing or otherwise modifying an immune response. Examples of
immunotherapy include, but are not limited to, T cell therapies. T cell therapy can include
adoptive T cell therapy, tumor-infiltrating lymphocyte (TIL) immunotherapy, autologous cell
therapy, engineered autologous cell therapy (eACT), and allogeneic T cell transplantation.

[0094] Cells used in an immunotherapy described herein can come from any source
known in the art. For example, T cells can be differentiated in vitro from a hematopoietic
stem cell population, or T cells can be obtained from a subject. T cells can be obtained from,
e.g., peripheral blood mononuclear cells, bone marrow, lymph node tissue, cord blood,
thymus tissue, tissue from a site of infection, ascites, pleural effusion, spleen tissue, and
tumors. In addition, the T cells can be derived from one or more T cell lines available in the

art. T cells can also be obtained from a unit of blood collected from a subject using any
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number of techniques known to the skilled artisan, such as FICOLL™ separation and/or
apheresis. Additional methods of isolating T cells for a T cell therapy are disclosed in U.S.
Patent Publication No. 2013/0287748, which is herein incorporated by references in its
entirety. An immunotherapy can also comprise administering a modified cell to a subject,
wherein the modified cell expresses CD4 and a TCR disclosed herein. In some aspects, the
modified cell isnot a T cell.

[0095] A "patient" as used herein includes any human who is afflicted with a cancer (e.g.,
a lymphoma or a leukemia). The terms "subject" and "patient" are used interchangeably
herein.

[0096] The terms "peptide," "polypeptide," and "protein" are used interchangeably, and
refer to a compound comprised of amino acid residues covalently linked by peptide bonds. A
protein or peptide must contain at least two amino acids, and no limitation is placed on the
maximum number of amino acids that can comprise a protein's or peptide's sequence.
Polypeptides include any peptide or protein comprising two or more amino acids joined to
each other by peptide bonds. As used herein, the term refers to both short chains, which also
commonly are referred to in the art as peptides, oligopeptides and oligomers, for example,
and to longer chains, which generally are referred to in the art as proteins, of which there are
many types. "Polypeptides" include, for example, biologically active fragments, substantially
homologous polypeptides, oligopeptides, homodimers, heterodimers, variants of
polypeptides, modified polypeptides, derivatives, analogs, fusion proteins, among others. The
polypeptides include natural peptides, recombinant peptides, synthetic peptides, or a
combination thereof.

[0097] "Stimulation," as used herein, refers to a primary response induced by binding of a
stimulatory molecule with its cognate ligand, wherein the binding mediates a signal
transduction event. A "stimulatory molecule" is a molecule on a T cell, e.g., the T cell
receptor (TCR)/ CD4 complex, that specifically binds with a cognate stimulatory ligand
present on an antigen present cell. A "stimulatory ligand" is a ligand that when present on an
antigen presenting cell (e.g., an aAPC, a dendritic cell, a B-cell, and the like) can specifically
bind with a stimulatory molecule on a T cell, thereby mediating a primary response by the T
cell, including, but not limited to, activation, initiation of an immune response, proliferation,

and the like. Stimulatory ligands include, but are not limited to, an MHC Class II molecule
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loaded with a peptide, an anti-CD4 antibody, an anti-CD28 antibody, an anti-CD2 antibody,
and an anti-CD3 antibody.

[0098] "Treatment" or "treating" of a subject refers to any type of intervention or process
performed on, or the administration of an active agent to, the subject with the objective of
reversing, alleviating, ameliorating, inhibiting, slowing down or preventing the onset,
progression, development, severity or recurrence of a symptom, complication or condition, or
biochemical indicia associated with a disease. In one aspect, "treatment" or "treating"
includes a partial remission. In another aspect, "treatment" or "treating" includes a complete
remission.

[0099] The use of the alternative (e.g., "or") should be understood to mean either one,
both, or any combination thereof of the alternatives. As used herein, the indefinite articles "a"
or "an" should be understood to refer to "one or more" of any recited or enumerated
component.

[0100] The terms "about" or "comprising essentially of" refer to a value or composition
that is within an acceptable error range for the particular value or composition as determined
by one of ordinary skill in the art, which will depend in part on how the value or composition
is measured or determined, i.e., the limitations of the measurement system. For example,
"about" or "comprising essentially of" can mean within 1 or more than 1 standard deviation
per the practice in the art. Alternatively, "about" or "comprising essentially of" can mean a
range of up to 10% (i.e., £10%). For example, about 3mg can include any number between
2.7 mg and 3.3 mg (for 10%). Furthermore, particularly with respect to biological systems or
processes, the terms can mean up to an order of magnitude or up to 5-fold of a value. When
particular values or compositions are provided in the application and claims, unless otherwise
stated, the meaning of "about" or "comprising essentially of" should be assumed to be within
an acceptable error range for that particular value or composition.

[0101] As described herein, any concentration range, percentage range, ratio range or
integer range is to be understood to include the value of any integer within the recited range
and, when appropriate, fractions thereof (such as one-tenth and one-hundredth of an integer),
unless otherwise indicated.

[0102] Various aspects of the invention are described in further detail in the following

subsections.
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IL. Compositions of the Disclosure

[0103] The present disclosure is directed to HLA class II molecules with enhanced CD4
binding. Certain aspects of the present disclosure are directed to HLA class II molecules
comprising a beta chain, wherein the beta chain comprises one or more mutations. In certain
aspects, the one or more mutations in the beta chain increase the affinity of the beta chain for

CD4. In certain aspects, the beta chain is an HLA-DP ("DP") beta chain.

ILA. MHC Class II Molecules

[0104] The human leukocyte antigen (HLA) system (the major histocompatibility
complex [MHC] in humans) is an important part of the immune system and is controlled by
genes located on chromosome 6. It encodes cell surface molecules specialized to present
antigenic peptides to the T-cell receptor (TCR) on T cells. (See also Overview of the Immune
System.) MHC molecules that present antigen (Ag) are divided into 2 main classes: Class |
MHC molecules and Class I MHC molecules.

[0105] Class I MHC molecules are present as transmembrane glycoproteins on the
surface of professional antigen presenting cells (APCs). Intact class IT molecules consist of an
alpha chain and a beta chain. Three loci in the HLA complex encode MHC class II proteins:
HLA-DP, HLA-DQ, and HLA-DR. T cells that express CD4 molecules react with class II
MHC molecules. These lymphocytes often have effector and helper functions and activate a
response to eliminate self-cells infected with intracellular pathogens or to destroy
extracellular parasites and help other T cells such as CD8 T cells. Because only professional
APCs express class I MHC molecules, only these cells present antigen for CD4 T cells (CD4
binds to the nonpolymorphic part of the alpha-2 and beta-2 domains of the alpha and beta
chains of an MHC class II molecule respectively).

[0106] In some aspects, the HLA class II alpha and beta chains are selected from an
HLA-DP, HLA-DQ, and HLA-DR allele. In certain aspects, the HLA class II beta chain is an
HLA-DP allele. In certain aspects, the HLA class II alpha chain is an HLA-DP allele.

[0107] Many HLA-DP alleles are known in the art, and any of the known alleles can be
used in the present disclosure. Examples of HLA-DP alpha chain and beta chain alleles are
shown in Table 1. An updated list of HLA alleles is available at hla.alleles.org/ (last visited
on February 27, 2019).

IILA.1. MHC Class II Beta Chain



WO 2021/019475 PCT/IB2020/057175
-32 -

[0108] In certain aspects, the HLA class II molecule comprises a DP beta chain, wherein
the DP beta chain comprises an amino acid other than leucine at a position corresponding to
amino acid residue 112 of SEQ ID NO: 1. Any amino acid other than leucine can be present
at the position corresponding to amino acid residue 112 of SEQ ID NO: 1. In some aspects,
the amino acid other than leucine is an amino acid comprising a hydrophobic side chain. In
certain aspects, the amino acid other than leucine at the position corresponding to amino acid
residue 112 of SEQ ID NO: 1 is an amino acid selected from an alanine, a valine, an
isoleucine, a methionine, a phenylalanine, a tyrosine, and a tryptophan. In certain aspects, the
amino acid other than leucine at the position corresponding to amino acid residue 112 of SEQ
ID NO: 1 is an alanine. In certain aspects, the amino acid other than leucine at the position
corresponding to amino acid residue 112 of SEQ ID NO: 1 is a valine. In certain aspects, the
amino acid other than leucine at the position corresponding to amino acid residue 112 of SEQ
ID NO: 1 is an isoleucine. In certain aspects, the amino acid other than leucine at the position
corresponding to amino acid residue 112 of SEQ ID NO: 1 is a methionine. In certain aspects,
the amino acid other than leucine at the position corresponding to amino acid residue 112 of
SEQ ID NO: 1 is a phenylalanine. In certain aspects, the amino acid other than leucine at the
position corresponding to amino acid residue 112 of SEQ ID NO: 1 is a tyrosine. In certain
aspects, the amino acid other than leucine at the position corresponding to amino acid residue
112 of SEQ ID NO: 1 is a tryptophan.

[0109] In some embodiments, the amino acid other than leucine at the position
corresponding to amino acid residue 112 of SEQ ID NO: 1 consists of more than one amino
acid, e.g., two amino acids, three amino acids, four amino acids, five amino acids, or more. In
some aspects at least one of the more than one amino acids comprises a hydrophobic side
chain. In certain aspects, the amino acid other than leucine at the position corresponding to
amino acid residue 112 of SEQ ID NO: 1 consists of a series, e.g., at least 2, at least 3, at
least 4, or at least 5, amino acids, wherein each of the series of amino acids comprises a
hydrophobic side chain.

[0110] In certain aspects, the HLA class II molecule comprises a DP beta chain, wherein
the DP beta chain comprises an amino acid other than valine at a position corresponding to
amino acid residue 141 of SEQ ID NO: 1. Any amino acid other than valine can be present at
the position corresponding to amino acid residue 141 of SEQ ID NO: 1. In some aspects, the

amino acid other than valine is an amino acid comprising a hydrophobic side chain. In certain
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aspects, the amino acid other than valine at the position corresponding to amino acid residue
141 of SEQ ID NO: 1 is an amino acid selected from an alanine, an isoleucine, a leucine, a
methionine, a phenylalanine, a tyrosine, and a tryptophan. In certain aspects, the amino acid
other than valine at the position corresponding to amino acid residue 141 of SEQ ID NO: 1 is
an alanine. In certain aspects, the amino acid other than valine at the position corresponding
to amino acid residue 141 of SEQ ID NO: 1 is an isoleucine. In certain aspects, the amino
acid other than valine at the position corresponding to amino acid residue 141 of SEQ ID NO:
1 is a leucine. In certain aspects, the amino acid other than valine at the position
corresponding to amino acid residue 141 of SEQ ID NO: 1 is a methionine. In certain aspects,
the amino acid other than valine at the position corresponding to amino acid residue 141 of
SEQ ID NO: 1 is a phenylalanine. In certain aspects, the amino acid other than valine at the
position corresponding to amino acid residue 141 of SEQ ID NO: 1 is a tyrosine. In certain
aspects, the amino acid other than valine at the position corresponding to amino acid residue
141 of SEQ ID NO: 1 is a tryptophan.

[0111] In some aspects, the amino acid other than valine at the position corresponding to
amino acid residue 141 of SEQ ID NO: 1 consists of more than one amino acid, e.g., two
amino acids, three amino acids, four amino acids, five amino acids, or more. In some aspects
at least one of the more than one amino acids comprises a hydrophobic side chain. In certain
aspects, the amino acid other than valine at the position corresponding to amino acid residue
141 of SEQ ID NO: 1 consists of a series, e.g., at least 2, at least 3, at least 4, or at least 5,
amino acids, wherein each of the series of amino acids comprises a hydrophobic side chain.

[0112] In certain aspects of the present disclosure, the MHC class II molecule comprises
a DP beta chain comprising more than one substitution mutation relative to the wild-type DP
beta chain. In certain aspects, the DP beta chain comprises at least two mutations, at least
three mutations, at least four mutations, at least five mutations, at least six mutations, at least
seven mutations, at least eight mutations, at least nine mutations, or at least ten mutations
relative to the wild-type DP beta chain.

[0113] In certain aspects, the DP beta chain comprises an amino acid other than leucine at
a position corresponding to amino acid residue 112 of SEQ ID NO: 1 and an amino acid other
than valine at a position corresponding to amino acid residue 141 of SEQ ID NO: 1. In some
aspects, (i) the amino acid other than leucine at the position corresponding to amino acid

residue 112 of SEQ ID NO: 1, (ii) the amino acid other than valine at a position
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corresponding to amino acid residue 141 of SEQ ID NO: 1, or each of the amino acid other
than leucine at the position corresponding to amino acid residue 112 of SEQ ID NO: 1 and
the amino acid other than valine at a position corresponding to amino acid residue 141 of
SEQ ID NO: 1 is an amino acid comprising a hydrophobic side chain. In some aspects, (i) the
amino acid other than leucine at the position corresponding to amino acid residue 112 of SEQ
ID NO: 1 is selected from an alanine, a valine, an isoleucine, a methionine, a phenylalanine, a
tyrosine, and a tryptophan; and (ii) the amino acid other than valine at a position
corresponding to amino acid residue 141 of SEQ ID NO: 1 is selected from an alanine, an
isoleucine, a leucine, a methionine, a phenylalanine, a tyrosine, and a tryptophan.

[0114] In some aspects, (i) the amino acid other than leucine at the position
corresponding to amino acid residue 112 of SEQ ID NO: 1 is a tryptophan; and (ii) the amino
acid other than valine at a position corresponding to amino acid residue 141 of SEQ ID NO: 1
is selected from an alanine, an isoleucine, a leucine, a methionine, a phenylalanine, a
tyrosine, and a tryptophan. In some aspects, (1) the amino acid other than leucine at the
position corresponding to amino acid residue 112 of SEQ ID NO: 1 is selected from an
alanine, a valine, an isoleucine, a methionine, a phenylalanine, a tyrosine, and a tryptophan,;
and (i) the amino acid other than valine at a position corresponding to amino acid residue
141 of SEQ ID NO: 1 is a methionine. In some aspects, (i) the amino acid other than leucine
at the position corresponding to amino acid residue 112 of SEQ ID NO: 1 is a tryptophan;
and (i) the amino acid other than valine at a position corresponding to amino acid residue
141 of SEQ ID NO: 1 is a methionine.

[0115] In certain aspects, the DP beta chain further comprises an amino acid other than
valine at a position corresponding to amino acid residue 114 of SEQ ID NO: 1. In some
aspects, the amino acid other than valine at the position corresponding to amino acid residue
114 of SEQ ID NO: 1 is selected from an alanine, an isoleucine, a leucine, a methionine, a
phenylalanine, a tyrosine, and a tryptophan. In certain aspects, the amino acid other than
valine at a position corresponding to amino acid residue 114 of SEQ ID NO: 1 is a
methionine.

[0116] In certain aspects, the DP beta chain further comprises an amino acid other than
methionine at a position corresponding to amino acid residue 158 of SEQ ID NO: 1. In some
aspects, the amino acid other than methionine at the position corresponding to amino acid

residue 158 of SEQ ID NO: 1 is selected from an alanine, a valine, an isoleucine, a
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methionine, a phenylalanine, a tyrosine, and a tryptophan. In certain aspects, the amino acid
other than methionine at a position corresponding to amino acid residue 158 of SEQ ID NO:
1 is an isoleucine.

[0117] In some aspects, the DP beta chain comprises (i) an amino acid other than leucine
at a position corresponding to amino acid residue 112 of SEQ ID NO: 1, and (ii) an amino
acid other than valine at a position corresponding to amino acid residue 114 of SEQ ID NO:
1. In some aspects, the DP beta chain comprises (i) an amino acid other than leucine at a
position corresponding to amino acid residue 112 of SEQ ID NO: 1, and (ii) an amino acid
other than methionine at a position corresponding to amino acid residue 158 of SEQ ID NO:
1.

[0118] In some aspects, the DP beta chain comprises (i) a tryptophan at a position
corresponding to amino acid residue 112 of SEQ ID NO: 1, and (i1) a methionine at a position
corresponding to amino acid residue 114 of SEQ ID NO: 1. In some aspects, the DP beta
chain comprises (i) a tryptophan at a position corresponding to amino acid residue 112 of
SEQ ID NO: 1, and (i1) a isoleucine at a position corresponding to amino acid residue 158 of
SEQ ID NO: 1.

[0119] In some aspects, the DP beta chain comprises (i) an amino acid other than valine
at a position corresponding to amino acid residue 141 of SEQ ID NO: 1, and (ii) an amino
acid other than valine at a position corresponding to amino acid residue 114 of SEQ ID NO:
1. In some aspects, the DP beta chain comprises (i) an amino acid other than valine at a
position corresponding to amino acid residue 141 of SEQ ID NO: 1, and (ii) an amino acid
other than methionine at a position corresponding to amino acid residue 158 of SEQ ID NO:
1.

[0120] In some aspects, the DP beta chain comprises (i) a methionine at a position
corresponding to amino acid residue 141 of SEQ ID NO: 1, and (ii) an amino acid other than
valine at a position corresponding to amino acid residue 114 of SEQ ID NO: 1. In some
aspects, the DP beta chain comprises (i) a methionine at a position corresponding to amino
acid residue 141 of SEQ ID NO: 1, and (ii) a isoleucine at a position corresponding to amino
acid residue 158 of SEQ ID NO: 1.

[0121] In some aspects, the DP beta chain comprises (i) an amino acid other than leucine
at a position corresponding to amino acid residue 112 of SEQ ID NO: 1, (ii) an amino acid

other than valine at a position corresponding to amino acid residue 141 of SEQ ID NO: 1,
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(1i1) an amino acid other than valine at a position corresponding to amino acid residue 114 of
SEQ ID NO: 1, and (iv) an amino acid other than methionine at a position corresponding to
amino acid residue 158 of SEQ ID NO: 1.

[0122] In some aspects, the DP beta chain comprises (i) a tryptophan at a position
corresponding to amino acid residue 112 of SEQ ID NO: 1, (ii) a methionine at a position
corresponding to amino acid residue 141 of SEQ ID NO: 1, (iii) a methionine at a position
corresponding to amino acid residue 114 of SEQ ID NO: 1, and (iv) a isoleucine at a position
corresponding to amino acid residue 158 of SEQ ID NO: 1.

[0123] In some aspects, the DP beta chain comprises a valine at a position corresponding
to amino acid residue 114 SEQ ID NO: 1. In some aspects, the DP beta chain comprises a
methionine at a position corresponding to amino acid residue 158 corresponding to SEQ ID
NO: 1. In some aspects, the DP beta chain comprises (i) an amino acid other than leucine at a
position corresponding to amino acid residue 112 of SEQ ID NO: 1, (ii) an amino acid other
than valine at a position corresponding to amino acid residue 141 of SEQ ID NO: 1, and (iii)
a valine at a position corresponding to amino acid residue 114 SEQ ID NO: 1. In some
aspects, the DP beta chain comprises (i) an amino acid other than leucine at a position
corresponding to amino acid residue 112 of SEQ ID NO: 1, (ii) an amino acid other than
valine at a position corresponding to amino acid residue 141 of SEQ ID NO: 1, and (iii) a
methionine at a position corresponding to amino acid residue 158 corresponding to SEQ ID
NO: 1. In some aspects, the DP beta chain comprises (i) an amino acid other than leucine at a
position corresponding to amino acid residue 112 of SEQ ID NO: 1, (ii) an amino acid other
than valine at a position corresponding to amino acid residue 141 of SEQ ID NO: 1, (iii) a
valine at a position corresponding to amino acid residue 114 SEQ ID NO: 1, and (iv) a
methionine at a position corresponding to amino acid residue 158 corresponding to SEQ ID
NO: 1.

[0124] In some aspects, the DP beta chain comprises (i) a tryptophan at a position
corresponding to amino acid residue 112 of SEQ ID NO: 1, (ii) a methionine at a position
corresponding to amino acid residue 141 of SEQ ID NO: 1, and (iii) a valine at a position
corresponding to amino acid residue 114 SEQ ID NO: 1. In some aspects, the DP beta chain
comprises (1) a tryptophan at a position corresponding to amino acid residue 112 of SEQ ID
NO: 1, (i1) a methionine at a position corresponding to amino acid residue 141 of SEQ ID

NO: 1, and (iii) a methionine at a position corresponding to amino acid residue 158
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corresponding to SEQ ID NO: 1. In some aspects, the DP beta chain comprises (i) a
tryptophan at a position corresponding to amino acid residue 112 of SEQ ID NO: 1, (ii) a
methionine at a position corresponding to amino acid residue 141 of SEQ ID NO: 1, (iii) a
valine at a position corresponding to amino acid residue 114 SEQ ID NO: 1, and (iv) a
methionine at a position corresponding to amino acid residue 158 corresponding to SEQ ID
NO: 1.

[0125] In some aspects, the DP beta chain comprises (i) a tryptophan at a position
corresponding to amino acid residue 112 of SEQ ID NO: 1, (ii) a methionine at a position
corresponding to amino acid residue 141 of SEQ ID NO: 1, (iii) a methionine at a position
corresponding to amino acid residue 114 of SEQ ID NO: 1, and (iv) a isoleucine at a position
corresponding to amino acid residue 158 of SEQ ID NO: 1.

[0126] In certain aspects, a DP beta chain described herein has an increased affinity for a
CD4 protein as compared to a reference HLA class II molecule. In some aspects, the
reference HLA class II molecule is an HLA class II molecule having a wild-type DP beta
chain. In some aspects, the reference HLA class II molecule is an HLA class II molecule
having a DP beta chain comprising (i) a leucine at a position corresponding to amino acid
residue 112 of SEQ ID NO: 1 and/or (i1) a valine at a position corresponding to amino acid
residue 141 of SEQ ID NO: 1.

[0127] In some aspects, the increased affinity for CD4 is at least about 1.5-fold, at least
about 2-fold, at least about 3-fold, at least about 4-fold, at least about 5-fold, at least about 6-
fold, at least about 7-fold, at least about 8-fold, at least about 9-fold, at least about 10-fold, at
least about 15-fold, at least about 20-fold, at least about 25-fold, at least about 30-fold, at
least about 35-fold, at least about 40-fold, at least about 45-fold, at least about 50-fold, at
least about 75-fold, at least about 100-fold, at least about 200-fold, at least about 300-fold, at
least about 400-fold, at least about 500-fold, at least about 1000-fold, at least about 1500-
fold, at least about 2000-fold, at least about 2500-fold, at least about 3000-fold, at least about
3500-fold, at least about 4000-fold, at least about 4500-fold, or at least about 4000-fold
greater than the affinity of the reference HLA class II molecule for CDA4.

[0128] In some aspects, the increased affinity for CD4 is at least about 1.5-fold to at least
about 5000-fold, 1.5-fold to at least about 4000-fold, 1.5-fold to at least about 3000-fold, 1.5-
fold to at least about 2000-fold, 1.5-fold to at least about 1000-fold, 10-fold to at least about
5000-fold, 10-fold to at least about 4000-fold, 10-fold to at least about 3000-fold, 10-fold to
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at least about 2000-fold, 10-fold to at least about 1000-fold, 10-fold to at least about 900-fold,
10-fold to at least about 800-fold, 10-fold to at least about 700-fold, 10-fold to at least about
600-fold, 10-fold to at least about 500-fold, 10-fold to at least about 400-fold, 10-fold to at
least about 300-fold, 10-fold to at least about 200-fold, 10-fold to at least about 100-fold,
100-fold to at least about 5000-fold, 100-fold to at least about 4000-fold, 100-fold to at least
about 3000-fold, 100-fold to at least about 2000-fold, 100-fold to at least about 1000-fold,
100-fold to at least about 900-fold, 100-fold to at least about 800-fold, 100-fold to at least
about 700-fold, 100-fold to at least about 600-fold, 100-fold to at least about 500-fold, 100-
fold to at least about 400-fold, 100-fold to at least about 300-fold, or 100-fold to at least
about 200-fold greater than the affinity of the reference HLA class Il molecule for CD4.
[0129] In certain aspects, the DP beta chain comprises an allele selected from DPB1*01,
DPB1*02, DPB1#03, DPB1*04, DPB1*05, DPB1%*06, DPB1*08, DPB1*09, DPB1*10,
DPB1*100, DPB1*101, DPB1*102, DPB1*103, DPB1*104, DPB1*105, DPBI1*106,
DPB1*107, DPB1*108, DPB1*109, DPB1*11, DPB1*110, DPBI*111, DPBI1*112,
DPB1*113, DPB1*114, DPB1*115, DPB1*116, DPB1*117, DPB1*118, DPBI1*119,
DPB1*120, DPB1*121, DPB1*122, DPB1*123, DPB1*124, DPB1*125, DPBI1*126,
DPB1*127, DPB1*128, DPB1*129, DPB1*13, DPB1*130, DPB1*131, DPBI1*132,
DPB1*133, DPB1*134, DPB1*135, DPB1*136, DPB1*137, DPB1*138, DPBI1*139,
DPB1*14, DPB1*140, DPB1*141, DPB1*142, DPBI1*143, DPBI1*144, DPBI1*145,
DPB1*146, DPB1*147, DPB1*148, DPB1*149, DPB1*15, DPBI1*150, DPBI1*151,
DPB1*152, DPB1*153, DPB1*154, DPB1*155, DPB1*156, DPB1*157, DPBI1*158,
DPB1*159, DPB1*16, DPB1*160, DPB1*161, DPB1*162, DPB1*163, DPBI1*164,
DPB1*165, DPB1*166, DPB1*167, DPB1*168, DPB1*169, DPB1*17, DPBI1*170,
DPB1*171, DPB1*172, DPB1*173, DPB1*174, DPB1*175, DPB1*176, DPBI1*177,
DPB1*178, DPB1*179, DPB1*18, DPB1*180, DPB1*181, DPB1*182, DPBI1*183,
DPB1*184, DPB1*185, DPB1*186, DPB1*187, DPB1*188, DPB1*189, DPBI1*19,
DPB1*190, DPB1*191, DPB1*192, DPB1*193, DPB1*194, DPB1*195, DPBI1*196,
DPB1*197, DPB1*198, DPB1*199, DPB1*20, DPB1*200, DPB1*201, DPBI1*202,
DPB1%#203, DPB1*204, DPB1*205, DPB1*206, DPB1*207, DPB1*208, DPBI1*209,
DPB1*21, DPB1*210, DPB1*211, DPB1*212, DPB1*213, DPBI1*214, DPBI1*215,
DPB1*216, DPB1*217, DPB1%*218, DPB1*219, DPB1*22, DPBI1*220, DPBI1*221,
DPB1#222, DPB1*223, DPB1%*224, DPB1%*225, DPB1%*226, DPB1%*227, DPBI1%*228,
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DPB1%*229,
DPB1*235,
DPB1*241,
DPB1*248,
DPB1*254,
DPB1*260,
DPB1*267,
DPB1*273,

DPB1*28, DPB1%280, DPB1%*281,

DPB1*286,
DPB1%*292,
DPB1*299,
DPB1*305,
DPB1*311,
DPB1*318,
DPB1*324,
DPB1*330,
DPB1*337,
DPB1*343,

DPB1*35, DPB1%*350, DPB1*351,

DPB1*356,
DPB1*362,
DPB1*369,
DPB1*375,
DPB1*381,
DPB1*388,
DPB1*394,
DPB1*400,
DPB1*407,
DPB1*413,
DPB1*420,
DPB1*427,

DPB1%*23,

DPB1*236,
DPB1#242,
DPB1%*249,
DPB1%255,
DPB1#261,
DPB1*268,
DPB1%274,

DPB1%*287,
DPB1#293,
DPB1*30,

DPB1*306,
DPB1#312,
DPB1%319,
DPB1%325,
DPB1#331,
DPB1%338,
DPB1#344,

DPB1%357,
DPB1%363,
DPB1%37,

DPB1*376,
DPB1#382,
DPB1*389
DPB1%395,
DPB1#401,
DPB1*408,
DPB1*414,
DPB1#421,
DPB1#428,

2
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DPB1%*230, DPBI1%*231,

DPB1%*232,
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DPB1*233,

DPB1#*237, DPBI1*238, DPBI1*239, DPB1%24,

DPB1%*243, DPB1%*244,
DPB1*25, DPB1%*250,
DPB1%*256, DPBI1%*257,
DPB1#*262, DPBI1%*263,
DPB1#*269, DPBI1*27,
DPB1*275, DPBI1*276,
DPB1*282,
DPB1*288, DPBI1%*289,
DPB1%*294, DPBI1%*295,
DPB1*300, DPBI1*301,
DPB1*307, DPBI1*308,
DPB1*313, DPB1*314,
DPB1*32, DPB1%*320,
DPB1*326, DPBI1%*327,
DPB1*332, DPBI1%*333,
DPB1%*339, DPB1%*34,
DPB1*345, DPB1%*346,
DPB1*352,
DPB1*358, DPBI1%*359,
DPB1*364, DPBI1*365,
DPB1*370, DPBI1*371,
DPB1*377, DPBI1%*378,
DPB1*383, DPB1*384,
DPB1*39, DPB1%*390,
DPB1*396, DPBI1%*397,

DPB1*402,
DPB1*409
DPB1*415,
DPB1%*422,
DPB1*429,

2

DPB1*403,
DPB1*41,
DPB1*416,
DPB1*423,
DPB1*430,

DPB1#245,
DPB1%251,
DPB1#258,
DPB1#264,
DPB1*270,
DPB1%277,
DPB1*283,
DPB1#29,
DPB1#296,
DPB1*302,
DPB1#309,
DPB1#315,
DPB1*321,
DPB1#328,
DPB1#334,
DPB1*340,
DPB1%347,
DPB1%353,
DPB1#36,
DPB1#366,
DPB1*372,
DPB1#379,
DPB1#385,
DPB1*391,
DPB1#398,
DPB1*404,
DPB1*410,
DPB1#417,
DPB1#424,
DPB1#431,

DPB1%*246,
DPB1*252,

DPB1*259,

DPB1#265,
DPB1*271,
DPB1*278,
DPB1%*284,
DPB1%*290,
DPB1%297,
DPB1*303,

DPB1%31,
DPB1*316,
DPB1%322,

DPB1*329,

DPB1#335,
DPB1%*341,
DPB1%348,
DPB1%*354,
DPB1*360,
DPB1*367,
DPB1*373,

DPB1%38,
DPB1*386,
DPB1%*392,

DPB1*399,

DPB1*#405,
DPB1*411,
DPB1*#418,
DPB1#425,
DPB1%#432,

DPB1%*234,
DPB1*240,
DPB1%*247,
DPB1%253,

DPB1%26,
DPB1*266,
DPB1%*272,
DPB1*279,
DPB1%285,
DPB1%*291,
DPB1%*298,
DPB1*304,
DPB1*310,
DPB1%*317,
DPB1%323,

DPB1%33,
DPB1*336,
DPB1%*342,
DPB1%349,
DPB1%355,
DPB1*361,
DPB1*368,
DPB1*374,
DPB1*380,
DPB1%387,
DPB1%393,

DPB1*40,
DPB1*406,
DPB1*412,
DPB1*419,
DPB1*426,
DPB1*433,
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DPB1*434,
DPB1*440,
DPB1*447,
DPB1*453,

DPB1*46, DPB1*460, DPB1*461,

DPB1*466,
DPB1*472,
DPB1*479,
DPB1*485,
DPB1*491,
DPB1*498,
DPB1*504,
DPB1*510,
DPB1%*517,
DPB1%*523,
DPB1%53,

DPB1*536,
DPB1%*542,
DPB1*549,
DPB1%555,
DPB1*561,
DPB1*568,
DPB1*574,
DPB1*580,
DPB1*587,
DPB1%593,

DPB1*60, DPB1#*600, DPB1*601,

DPB1*606,
DPB1*612,
DPB1*619,
DPB1*625,
DPB1*631,

DPB1*435,
DPB1*441,
DPB1*448,
DPB1*454,

DPB1*467,
DPB1#473,
DPB1%48,
DPB1*486,
DPB1#492,
DPB1*499,
DPB1*505,
DPB1#511,
DPB1*518,
DPB1%524,
DPB1*530,
DPB1%*537,
DPB1%543,
DPB1*55,
DPB1*556,
DPB1%562,
DPB1*569,
DPB1*575,
DPB1#581,
DPB1*588,
DPB1#594,

DPB1*607,
DPB1#613,
DPB1*62,

DPB1*626,
DPB1#632,
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DPB1*436, DPB1*437, DPBI1*438, DPB1%*439, DPB1%*44,

DPB1*442, DPB1%*443,
DPB1%*449, DPB1%*45,
DPB1*455, DPB1*456,
DPB1*462,
DPB1*468, DPBI1*469,
DPB1*474, DPBI1%*475,
DPB1*480, DPBI1%*481,
DPB1*487, DPBI1%488,
DPB1*493, DPB1%*494,
DPB1*50, DPB1*500,
DPB1*506, DPBI1*507,
DPB1*512, DPBI1*513,
DPB1*519, DPBI1%*52,
DPB1*525, DPBI1*526,
DPB1*531, DPBI1%*532,
DPB1*538, DPBI1*539,
DPB1*544, DPB1*545,
DPB1*550, DPBI1*551,
DPB1*557, DPBI1*558,
DPB1*563, DPBI1*564,
DPB1*57, DPB1%*570,
DPB1*576, DPBI1*577,
DPB1*582, DPBI1*583,
DPB1*589, DPBI1*59,
DPB1*595, DPBI1*596,
DPB1*602,
DPB1*608, DPBI1*609,
DPB1*614, DPB1*615,
DPB1*620, DPBI1*621,
DPB1*627, DPBI1%628,
DPB1*633, DPBI1*634,

DPB1*444,
DPB1*450,
DPB1#457,
DPB1*463,
DPB1*47,
DPB1*476,
DPB1*482,
DPB1#489,
DPB1#495,
DPB1*501,
DPB1#508,
DPB1%514,
DPB1*520,
DPB1%527,
DPB1%533,
DPB1#54,
DPB1%546,
DPB1%552,
DPB1#559,
DPB1%565,
DPB1*571,
DPB1#578,
DPB1#584,
DPB1*590,
DPB1%597,
DPB1*603,
DPB1#61,
DPB1#616,
DPB1%622,
DPB1#629,
DPB1#635,

DPB1*445,
DPB1*451,
DPB1#458,
DPB1*464,
DPB1*470,
DPB1*477,
DPB1*483,

DPB1*49,
DPB1*496,
DPB1*502,

DPB1*509,

DPB1#515,
DPB1*521,
DPB1#528,
DPB1%*534,
DPB1*540,
DPB1#547,
DPB1%553,

DPB1*56,
DPB1*566,
DPB1%*572,

DPB1*579,

DPB1%585,
DPB1%*59]1,
DPB1#598,
DPB1*604,
DPB1%610,
DPB1#617,
DPB1%623,

DPB1%63,
DPB1#636,

DPB1*446,
DPB1*452,
DPB1*459,
DPB1*465,
DPB1*471,
DPB1*478,
DPB1*484,
DPB1*490,
DPB1%*497,
DPB1*503,

DPB1%51,
DPB1*516,
DPB1%*522,
DPB1*529,
DPB1%535,
DPB1*541,
DPB1*548,
DPB1*554,
DPB1*560,
DPB1*567,
DPB1*573,

DPB1*58,
DPB1*586,
DPB1%*592,
DPB1%*599,
DPB1*605,
DPB1*611,
DPB1*618,
DPB1*624,
DPB1*630,
DPB1%*637,



WO 2021/019475

DPB1%638,
DPB1*644,
DPB1*650,
DPB1%657,
DPB1*663,
DPB1%67,

DPB1*676,
DPB1%682,
DPB1*689,
DPB1*695,
DPB1*701,
DPB1*708,
DPB1*714,
DPB1*720,
DPB1%*727,
DPB1%*733,

DPB1*74, DPB1%*740, DPB1*741,

DPB1*746,
DPB1*752,
DPB1*759,
DPB1*765,
DPB1*771,
DPB1*778,
DPB1*784,
DPB1*790,
DPB1*798,
DPB1*804,
DPB1*810,
DPB1*817,
DPB1%823,
DPB1%83,

DPB1*639,
DPB1*645,
DPB1*651,
DPB1*658,
DPB1*664,

DPB1*670, DPB1*671,

DPB1*677,
DPB1*683,
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DPB1*642,

DPB1*643,

DPB1*646, DPB1*647, DPB1*648, DPB1%*649, DPB1*65,

DPB1*652, DPBI1*653,
DPB1*659, DPBI1*66,
DPB1*665, DPBI1*666,
DPB1*672,
DPB1*678, DPBI1*679,
DPB1*684, DPBI1*685,

DPB1*69, DPB1*690, DPB1*691,

DPB1*696,
DPB1*702,
DPB1*709,
DPB1*715,
DPB1*721,
DPB1*728,
DPB1*734,

DPB1*747,
DPB1*753,

DPB1*697, DPBI1*698,
DPB1*703, DPB1*704,
DPB1*71, DPB1*710,

DPB1*716, DPBI1*717,
DPB1*722, DPBI1%*723,
DPB1#*729, DPBI1*73,

DPB1*735, DPBI1*736,
DPB1*742,

DPB1*748, DPBI1%749,
DPB1*754, DPBI1*755,

DPB1*76, DPB1*760, DPB1*761,

DPB1*766,
DPB1*772,
DPB1*779,
DPB1*785,
DPB1*791,
DPB1*799,
DPB1*805,
DPB1*811,
DPB1*818,
DPB1*824,

DPB1*830, DPBI1*831,

DPB1*767, DPBI1*768,
DPB1*773, DPBI1*774,
DPB1*78, DPB1*780,
DPB1*786, DPBI1*787,
DPB1#*792, DPB1%*794,
DPB1*80, DPB1%*800,
DPB1*806, DPBI1*807,
DPB1*812, DPBI1*813,
DPB1#*819, DPBI1*82,
DPB1*825, DPBI1*826,
DPB1*832,

DPB1#654,
DPB1*660,
DPB1#667,
DPB1*673,
DPB1#68,
DPB1#686,
DPB1*692,
DPB1#699,
DPB1#705,
DPB1*711,
DPB1#718,
DPB1%724,
DPB1*730,
DPB1#737,
DPB1%743,
DPB1*75,
DPB1*756,
DPB1*762,
DPB1#769,
DPB1#775,
DPB1*781,
DPB1#788,
DPB1#795,
DPB1*801,
DPB1#808,
DPB1#814,
DPB1*820,
DPB1%827
DPB1%833,

2

DPB1*836, DPB1*837, DPBI1*838, DPB1%*839, DPB1*84,

DPB1#655,
DPB1*661,
DPB1*#668,
DPB1*674,
DPB1*680,
DPB1#687,
DPB1*693,

DPB1*70,
DPB1*706,
DPB1*712,

DPB1*719,

DPB1*725,
DPB1*731,
DPB1*738,
DPB1*744,
DPB1*750,
DPB1*757,
DPB1*763,

DPB1*77,
DPB1*776,
DPB1*782,

DPB1*789,

DPB1#796,
DPB1*802,

DPB1*809,

DPB1#815,
DPB1*821,
DPB1%#828,
DPB1*834,
DPB1*840,

DPB1*656,
DPB1*662,
DPB1*669,
DPB1*675,
DPB1%*681,
DPB1*688,
DPB1*694,
DPB1*700,
DPB1*707,
DPB1*713,

DPB1*72,
DPB1*726,
DPB1*732,
DPB1*739,
DPB1%745,
DPB1*751,
DPB1*758,
DPB1*764,
DPB1*770,
DPB1*777,
DPB1*783,

DPB1*79,
DPB1%*797,
DPB1*803,

DPB1*81,
DPB1*816,
DPB1%822,
DPB1%829,
DPB1%835,
DPB1%*841,



WO 2021/019475 PCT/IB2020/057175
42 -

DPB1%842, DPB1*843, DPB1*844, DPB1%*845, DPB1*846, DPB1%*847, DPBI1%*848,
DPB1%849, DPB1*85, DPBI1*850, DPB1*851, DPBI1*852, DPBI1*853, DPBI1*854,
DPB1#855, DPB1*856, DPB1*857, DPB1%*858, DPB1*859, DPB1*86, DPBI1*860,
DPB1*861, DPB1*862, DPB1*863, DPB1*864, DPB1*865, DPBI1*866, DPBI1*867,
DPB1*868, DPB1*869, DPB1*87, DPB1*870, DPB1*871, DPBI1*872, DPBI1*873,
DPB1*874, DPB1*875, DPB1*876, DPB1*877, DPB1*878, DPB1*879, DPB1*88,
DPB1#880, DPB1*881, DPB1*882, DPB1*883, DPB1*884, DPBI1*885, DPBI1*886,
DPB1#887, DPB1*888, DPB1*889, DPB1*89, DPB1*890, DPB1*891, DPBI1*892,
DPB1#893, DPB1*894, DPB1*895, DPB1*896, DPB1*897, DPB1*898, DPBI1*899,
DPB1%#90, DPB1*900, DPB1*901, DPB1*902, DPB1*903, DPB1*904, DPBI1*905,
DPB1#906, DPB1*907, DPB1*908, DPB1%*909, DPB1*91, DPB1*910, DPBI1*911,
DPB1#912, DPB1*913, DPB1*914, DPB1*915, DPB1*916, DPB1*917, DPBI1*918,
DPB1%#919, DPB1*92, DPB1%*920, DPB1*921, DPB1%*922, DPBI1%*923, DPBI1%*924,
DPB1#925, DPB1*926, DPB1%*927, DPB1%*928, DPB1%*929, DPB1*93, DPBI1*930,
DPB1#931, DPB1*932, DPB1*933, DPB1*934, DPB1%*935, DPB1%*936, DPB1%*937,
DPB1%#938, DPB1*939, DPB1*94, DPB1%*940, DPB1*941, DPB1%*942, DPBI1%*943,
DPB1%*944, DPB1*945, DPB1*946, DPB1%*947, DPB1%*948, DPB1%*949, DPB1%*95,
DPB1#950, DPB1*951, DPB1*952, DPB1%*953, DPB1%*954, DPB1*955, DPBI1*956,
DPB1%#957, DPB1*958, DPB1*959, DPB1*96, DPB1*960, DPB1*961, DPBI1%*962,
DPB1*963, DPB1*964, DPB1%965, DPB1*97, DPB1*98, and DPB1*99. In some aspects,
the DP beta chain comprises an HLA-DPB1*01, HLA-DPB1*02, HLA-DPB1*03, HLA-
DPB1*04, HLA-DPB1*05, HLA-DPB1*06, HLA-DPB1*08, or HLA-DPB1*09 allele. In
certain aspects, the DP beta chain comprises an HLA-DPB1*04 allele. In particular aspects,
the DP beta chain comprises an HLA-DPB1*04:01 allele.

[0130] In certain aspects, the MHC class II molecule comprises a DP beta chain
comprising an amino acid sequence having at least about 70%, at least about 75%, at least
about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 96%, at
least about 97%, at least about 98%, at least about 99%, or about 100% sequence identity to
SEQ ID NO: 3, wherein the DP beta chain comprises a tryptophan at a position
corresponding to amino acid residue 112 of SEQ ID NO: 1, and wherein the DP beta chain
comprises a methionine at a position corresponding to amino acid residue 141 of SEQ ID

NO: 1. In certain aspects, the MHC class II molecule comprises a DP beta chain comprising
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an amino acid sequence having at least about 70%, at least about 75%, at least about 80%, at
least about 85%, at least about 90%, at least about 95%, at least about 96%, at least about
97%, at least about 98%, at least about 99%, or about 100% sequence identity to SEQ ID NO:
3, wherein the DP beta chain comprises (i) a tryptophan at a position corresponding to amino
acid residue 112 of SEQ ID NO: 1, (ii) a methionine at a position corresponding to amino
acid residue 141 of SEQ ID NO: 1, (iii) a valine at a position corresponding to amino acid
residue 114 SEQ ID NO: 1, and (iv) a methionine at a position corresponding to amino acid
residue 158 corresponding to SEQ ID NO: 1. In certain aspects, the MHC class II molecule
comprises a DP beta chain comprising an amino acid sequence set forth in SEQ ID NO: 3.
I1.A.2. MHC Class II Alpha Chain

[0131] In some aspects of the present disclosure, the MHC class II molecule further
comprises an alpha chain. In some aspects, the alpha chain is a wild-type alpha chain. In
some aspects, the alpha chain is a DP alpha chain. Any DP alpha chain can be used in the
compositions and methods of the present disclosure. In some aspects, the DP alpha chain
comprises an HLA-DPA1*01, HLA-DPA1*02, HLA-DPA1*03, or HLA-DPA1*04 allele. In
certain aspects, the DP alpha chain comprises an HLA-DPA1*01 allele. In certain aspects,
the DP alpha chain comprises an HLA-DPA1*02 allele. In certain aspects, the DP alpha
chain comprises an HLA-DPA1*03 allele. In certain aspects, the DP alpha chain comprises
an HLA-DPA1*04 allele.

[0132] In certain aspects, the DP alpha chain is selected from DPA1*01:03:01:01,
DPA1*01:03:01:02, DPA1*01:03:01:03, DPA1*01:03:01:04, DPA1*01:03:01:05,
DPA1*01:03:01:06, DPA1*01:03:01:07, DPA1*01:03:01:08, DPA1*01:03:01:09,
DPA1*01:03:01:10, DPA1*01:03:01:11, DPA1*01:03:01:12, DPA1*01:03:01:13,
DPA1*01:03:01:14, DPA1*01:03:01:15, DPA1*01:03:01:16, DPA1*01:03:01:17,
DPA1*01:03:01:18Q, DPA1*01:03:01:19, DPA1*01:03:01:20, DPA1*01:03:01:21,
DPA1*01:03:01:22, DPA1*01:03:01:23, DPA1*01:03:02, DPA1*01:03:03, DPA1*01:03:04,
DPA1*01:03:05, DPA1*01:03:06, DPA1*01:03:07, DPA1*01:03:08, DPA1*01:03:09,
DPA1*01:04, DPA1*01:05, DPA1*01:06:01, DPA1*01:06:02, DPA1*01:07, DPA1*01:08,
DPA1*01:09, DPA1*01:10, DPA1*01:11, DPA1*01:12, DPA1*01:13, DPA1*01:14,
DPA1*01:15, DPA1*01:16, DPA1*01:17, DPA1*01:18, DPA1*01:19, DPA1*02:01:01:01,
DPA1*02:01:01:02, DPA1*02:01:01:03, DPA1*02:01:01:04, DPA1*02:01:01:05,
DPA1*02:01:01:06, DPA1*02:01:01:07, DPA1*02:01:01:08, DPA1*02:01:01:09,
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DPA1*02:01:01:10, DPA1*02:01:01:11, DPA1*02:01:02:01, DPA1*02:01:02:02,
DPA1*02:01:03, DPA1*02:01:04, DPA1*02:01:05, DPA1*02:01:06, DPA1%*02:01:07,
DPA1*02:01:08:01, DPA1*02:01:08:02, DPA1%*02:02:02:01, DPA1*02:02:02:02,
DPA1*02:02:02:03, DPA1%*02:02:02:04, DPA1%*02:02:02:05, DPA1*02:02:03,
DPA1%*02:02:04, DPA1*02:02:05, DPA1*02:02:06, DPA1*02:03, DPA1*02:04,
DPA1*02:05, DPA1*02:06, DPA1*02:07:01:01, DPA1*02:07:01:02, DPA1*02:07:01:03,
DPA1*02:08, DPA1*02:09, DPA1*02:10, DPA1*02:11, DPA1*02:12, DPA1*02:13N,
DPA1*02:14, DPA1*02:15, DPA1*02:16, DPA1*03:01:01:01, DPA1*03:01:01:02,
DPA1*03:01:01:03, DPA1*03:01:01:04, DPA1*03:01:01:05, DPA1*03:01:02, DPA1*03:02,
DPA1*03:03, DPA1*03:04, DPA1*04:01:01:01, DPA1*04:01:01:02, DPA1*04:01:01:03,
DPA1*04:02, or any combination thereof.
I1.A.3. Signal Peptide

[0133] In some aspects, the DP beta chain and/or the DP alpha chain further comprises a
signal peptide. Any signal peptide known in the art can be used in the compositions and
methods disclosed herein. In some aspects the DP beta chain signal peptide is the same as the
DP alpha signal peptide. In some aspects the DP beta chain signal peptide is different from
the DP alpha signal peptide.

[0134] In some aspects, the signal peptide is derived from a native signal peptide. In
some aspects, the signal peptide is derived from a naturally occurring DP beta chain signal
peptide. In some aspects, the signal peptide comprises a naturally occurring DP beta chain
signal peptide. In some aspects, the signal peptide is derived from a naturally occurring DP
alpha chain signal peptide. In some aspects, the signal peptide comprises a naturally
occurring DP alpha chain signal peptide. In some aspects, the signal peptide is derived from a
fibroin light chain (FibL) signal peptide. In some aspects, the signal peptide comprises SEQ
ID NO: 9. In some aspects, the signal peptide is synthetic.

II.A.4. Transmembrane Domain

[0135] In some aspects, the DP beta chain and/or the DP alpha chain further comprises a
transmembrane domain. The transmembrane domain can be any length and of any origin. In
some aspects, the transmembrane domain is at least about 1 to at least about 50 amino acid in
length. In some aspects, the transmembrane domain is derived from a naturally occurring
transmembrane domain. In some aspects, the transmembrane domain comprises a naturally

occurring transmembrane domain. In some aspects, the transmembrane domain is derived
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from a naturally occurring HLA transmembrane domain. In some aspects, the transmembrane
domain comprises a naturally occurring HLA transmembrane domain. In some aspects, the
transmembrane domain is derived from a naturally occurring DP beta chain transmembrane
domain. In some aspects, the transmembrane domain comprises a naturally occurring DP beta
chain transmembrane domain. In some aspects, the transmembrane domain is derived from a
naturally occurring DP alpha chain transmembrane domain. In some aspects, the
transmembrane domain comprises a naturally occurring DP alpha chain transmembrane
domain.
II.A.S. Leucine Zipper

[0136] In some aspects, the DP beta chain and/or the DP alpha chain further comprises
one or more leucine zipper (LZip) sequences. Any LZip sequence known in the art can be
used in the compositions and methods disclosed herein. In some aspects, the DP beta chain
and/or the DP alpha chain comprises an acidic LZip (aLZip), a basic LZip (BLZip), or both.
In some aspects, the one or more LZip sequences are derived from a naturally occurring LZip
sequence. In some aspects, the one or more LZip sequences comprise a naturally occurring
LZip sequence. In some aspects, the one or more LZip sequences are synthetic. In certain
aspects, the one or more LZip sequences comprise the LZip sequences set forth in SEQ ID
NO: 4 (Table 1).

II.A.6. Linker

[0137] In some aspects, the DP beta chain and/or the DP alpha chain useful for the
disclosure further comprises a linker. Any linker known in the art can be used in the
compositions and methods disclosed herein. In certain aspects, the linker comprises a Gly/Ser
linker. In some aspects, the linker comprises an amino acid sequence selected from GlySer,
Gly:Ser, GlysSer, and GlysSer. In some aspects, the linker is positioned at the N-terminus of
the extracellular domain of the DP alpha chain or the DP beta chain. In some aspects, the
linker 1s positioned at the C-terminus of the extracellular domain of the DP alpha chain or the
DP beta chain. In some aspects, the linker is positioned between the extracellular domain of
the DP alpha chain or the DP beta chain and the transmembrane domain. In some aspects, the
linker is positioned between the extracellular domain of the DP alpha chain or the DP beta
chain and the one or more LZip sequences. In some aspects, the linker is positioned between

the extracellular domain of the DP alpha chain or the DP beta chain and the signal peptide.
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[0138] A linker of any length can be used in the compositions and methods disclosed
herein. In some aspects, the linker is at least one amino acid in length. In some aspects, the
linker is at least about 1 to at least about 100, at least about 1 to at least about 90, at least
about 1 to at least about 80, at least about 1 to at least about 70, at least about 1 to at least
about 60, at least about 1 to at least about 50, at least about 1 to at least about 40, at least
about 1 to at least about 30, at least about 1 to at least about 20, at least about 1 to at least
about 15, at least about 1 to at least about 14, at least about 1 to at least about 13, at least
about 1 to at least about 12, at least about 1 to at least about 11, at least about 1 to at least
about 10, at least about 1 to at least about 9, at least about 1 to at least about 8, at least about
1 to at least about 7, at least about 1 to at least about 6, at least about 1 to at least about 5, at
least about 1 to at least about 4, at least about 1 to at least about 3 amino acids in length.

[0139] In some aspects, the linker is at least about 1, at least about 2, at least about 3, at
least about 4, at least about 5, at least about 6, at least about 7, at least about 8, at least about
9, at least about 10, at least about 11, at least about 12, at least about 13, at least about 14, at
least about 15, at least about 20, at least about 30, at least about 40, at least about 50, at least
about 60, at least about 70, at least about 80, at least about 90, at least about 100 amino acids
in length. In certain aspects, the linker is about 3 amino acids in length. In certain aspects, the
linker is about 4 amino acids in length. In certain aspects, the linker is about 5 amino acids in

length.

IL.B. Cells

[0140] In certain aspects of the present disclosure, the MHC class II molecule of the
present disclosure is linked to or associated with a membrane of a cell. In certain aspects, the
beta chain of the MHC class II molecule is linked or associated with a membrane of a cell. In
certain aspects, the alpha chain of the MHC class II molecule is linked or associated with a
membrane of a cell. In certain aspects, the alpha chain and the beta chain of the MHC class II
molecule are linked or associated with a membrane of a cell.

[0141] Certain aspects of the present disclosure are directed to cells comprising an MHC
class II molecule disclosed herein. Any cell can be used in the compositions described herein.
In certain aspects the cell is a mammalian cell. In some aspects, the cell is an insect cell. In
some aspects, the cell is derived from a healthy cell, e.g., a health fibroblast cell. In some

aspects the cell is derived from a tumor cell. Non-limiting examples of cells that are useful in
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the present disclosure include K562 cells, T2 cells, HEK293 cells, HEK293T cells, A375
cells, SK-MEL-28 cells, Me275 cells, COS cells, fibroblast cells, tumor cells, or any
combination thereof. In certain aspects, the cell is any cell disclosed in Hasan et al., Adv.
Genet. Eng. 4(3):130 (2015), which is incorporated by reference herein in its entirety.

[0142] In certain aspects, the cell is a professional APC. In certain aspects, the cell is a
macrophage, a B cell, a dendritic cell, or any combination thereof.

[0143] In certain aspects, the cell lacks endogenous expression of one or more MHC class
IT allele. In some aspects the cell lacks endogenous expression of an HLA-DP allele. In some
aspects the cell lacks endogenous expression of an HLA-DP alpha chain allele. In some

aspects the cell lacks endogenous expression of an HLA-DP beta chain allele.

I.C. Soluble MHC Class I1 Molecules

[0144] In certain aspects, the MHC class II molecule is not associated with a membrane
of a cell, e.g., the MHC class Il molecule is in a soluble form. As used herein, a soluble MHC
class II molecule includes any MHC class II molecule or a portion thereof, described herein,
that is not associated with a cell membrane. In certain aspects, the MHC class II molecule or
portion thereof is unbound to any membrane. In some aspects, the MHC class II molecule or
portion thereof is bound to an inert particle. In some aspects, the MHC class II molecule or
portion thereof is bound to the membrane of an extracellular vesicle. In some aspects, the
MHC class I molecule is bound to an artificial membrane or an artificial surface, e.g., the
surface of an array plate.

[0145] Any inert particle known in the art can be used in the compositions and methods
of the present disclosure. In some aspects, the inert particle is a bead. In some aspects, the
bead is a glass bead, a latex bead, a metal bead, or any combination thereof. In some aspects,
the inert particle is a nanoparticle (NP). Any NP known in the art can be used in the
compositions and methods of the present disclosure. In certain aspects, the nanoparticle is
selected from a pegylated iron oxide, chitosan, dextrane, gelatin, alginate, liposome, starch,
branched polymer, carbon-based carrier, polylactic acid, poly(cyano)acrylate,
polyethyleinemine, block copolymer, polycaprolactone, SPIONS, USPIONS, Cd/Zn-selenide,
or silica nanoparticle. In particular aspects, the nanoparticle is a pegylated iron oxide
nanoparticle. Nonlimiting examples of nanoparticles useful in the compositions and methods

disclosed herein include those set forth in De Jong and Borm, /nt. J. Nanomedicine 3(2):133-
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49 (2008) and Umeshappa et al., Nat. Commun. 10(1):2150 (May 14, 2019), each of which is
incorporated by reference herein in its entirety.

[0146] In some aspects, the MHC class I molecule comprises a fragment of a full length
MHC class II molecule, wherein one or more amino acids of the transmembrane domain of
the alpha chain and/or the transmembrane domain of the beta chain are deleted. In some
aspects, the MHC class II molecule comprises the extracellular domain of the alpha chain
(e.g., as set forth in SEQ ID NO: 6) and/or the extracellular domain of the beta chain (e.g., as
set forth in SEQ ID NO: 1 or 3). In certain aspects, the MHC class II molecule comprises a
DP alpha chain comprising an amino acid sequence having at least about 80%, at least about
85%, at least about 90%, at least about 95%, at least about 96%, at least about 97%, at least
about 98%, or at least about 99% sequence identity to SEQ ID NO: 6. In some aspects, the
MHC class II molecule comprises a DP alpha chain comprising an amino acid sequence set
forth in SEQ ID NO: 6.

[0147] In certain aspects, the MHC class II molecule comprises a DP beta chain
comprising an amino acid sequence having at least about 80%, at least about 85%, at least
about 90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or
at least about 99% sequence identity to SEQ ID NO: 1. In some aspects, the MHC class II
molecule comprises a DP beta chain comprising an amino acid sequence set forth in SEQ ID
NO: 1. In certain aspects, the MHC class II molecule comprises a DP beta chain comprising
an amino acid sequence having at least about 80%, at least about 85%, at least about 90%, at
least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% sequence identity to SEQ ID NO: 3. In some aspects, the MHC class II molecule
comprises a DP beta chain comprising an amino acid sequence set forth in SEQ ID NO: 3. In
certain aspects, the MHC class II molecule comprises a DP beta chain comprising an amino
acid sequence having at least about 80%, at least about 85%, at least about 90%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about 99%
sequence identity to SEQ ID NO: 4. In some aspects, the MHC class II molecule comprises a
DP beta chain comprising an amino acid sequence set forth in SEQ ID NO: 4. In certain
aspects, the MHC class II molecule comprises a DP beta chain comprising an amino acid
sequence having at least about 80%, at least about 85%, at least about 90%, at least about

95%, at least about 96%, at least about 97%, at least about 98%, or at least about 99%



WO 2021/019475 PCT/IB2020/057175
- 49 -

sequence identity to SEQ ID NO: 5. In some aspects, the MHC class II molecule comprises a
DP beta chain comprising an amino acid sequence set forth in SEQ ID NO: 5.

IL.D. Nucleic Acid Molecules and Vectors

[0148] Certain aspects of the present disclosure are directed to a nucleic acid molecule
encoding an MHC class II molecule disclosed herein. In some aspects the nucleic acid
molecule encodes an MHC class II beta chain disclosed herein. In certain aspects, the nucleic
acid molecule encoding the MHC class II beta chain comprises a nucleotide sequence having
at least about 50%, at least about 55%, at least about 60%, at least about 65%, at least about
70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about 99%
sequence identity with the sequence set forth in SEQ ID NO: 2.

[0149] In some aspects the nucleic acid molecule encodes an MHC class II alpha chain
disclosed herein. In certain aspects, the nucleic acid molecule encoding the MHC class II
alpha chain comprises a nucleotide sequence having at least about 50%, at least about 55%, at
least about 60%, at least about 65%, at least about 70%, at least about 75%, at least about
80%, at least about 85%, at least about 90%, at least about 95%, at least about 96%, at least
about 97%, at least about 98%, or at least about 99% sequence identity with the sequence set
forth in SEQ ID NO: 7.

[0150] In some aspects, the nucleic acid molecule encodes both an MHC class II alpha
chain disclosed herein and an MHC class II beta chain disclosed herein. In some aspects, the
sequence encoding the MHC class II alpha chain is under the control of the same promoter as
the sequence encoding the MHC class II beta chain. In some aspects, the sequence encoding
the MHC class II alpha chain is under the control of a first promoter, and the sequence
encoding the MHC class II beta chain is under the control of a second promoter.

[0151] In some aspects, the present disclosure is directed to a first nucleic acid molecule
encoding an MHC class II beta chain disclosed herein and a second nucleic acid molecule
encoding an MHC class II alpha chain disclosed herein.

[0152] Certain aspects of the present disclosure are directed to a vector or a set of vectors
comprising a nucleic acid molecule disclosed herein. In some aspects, the vector is a viral
vector. In some aspects, the vector is a viral particle or a virus. In some aspects, the vector is

a mammalian vector. In some aspects, the vector is a bacterial vector.
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[0153] In certain aspects, the vector is a retroviral vector. In some aspects, the vector is
an adenoviral vector, a lentivirus, a Sendai virus, a baculoviral vector, an Epstein Barr viral
vector, a papovaviral vector, a vaccinia viral vector, a herpes simplex viral vector, or an
adeno associated virus (AAV) vector. In particular aspects, the vector is an AAV vector. In
some aspects, the vector is a lentivirus. In particular aspects, the vector is an adenoviral
vector. In some aspects, the vector is a Sendai virus. In some aspects, the vector is a hybrid
vector. Examples of hybrid vectors that can be used in the present disclosure can be found in
Huang and Kamihira, Biotechnol. Adv. 31(2):208-23 (2103), which is incorporated by

reference herein in its entirety.

HI.  Methods of the Disclosure
[0154] Certain aspects of the present disclosure are directed to methods of treating a
disease or condition in a subject. In some aspects, the disclosure is directed to methods of

enhancing an immune response in a subject in need thereof.

HLA. Methods of Treating a Tumor

[0155] Certain aspects of the present disclosure are directed to methods of treating a
cancer in a subject in need thereof, comprising administering to the subject an HLA class II
molecule disclosed herein, a nucleic acid molecule disclosed herein, a vector disclosed
herein, or a cell disclosed herein.

[0156] In some aspects, the cancer is selected from melanoma, bone cancer, renal cancer,
prostate cancer, breast cancer, colon cancer, lung cancer, cutaneous or intraocular malignant
melanoma, pancreatic cancer, skin cancer, cancer of the head or neck, uterine cancer, ovarian
cancer, rectal cancer, cancer of the anal region, stomach cancer, testicular cancer, uterine
cancer, carcinoma of the fallopian tubes, carcinoma of the endometrium, carcinoma of the
cervix, carcinoma of the vagina, carcinoma of the vulva, Hodgkin's Disease, non-Hodgkin's
lymphoma (NHL), primary mediastinal large B cell lymphoma (PMBC), diffuse large B cell
lymphoma (DLBCL), follicular lymphoma (FL), transformed follicular lymphoma, splenic
marginal zone lymphoma (SMZL), cancer of the esophagus, cancer of the small intestine,
cancer of the endocrine system, cancer of the thyroid gland, cancer of the parathyroid gland,
cancer of the adrenal gland, sarcoma of soft tissue, cancer of the urethra, cancer of the penis,

chronic or acute leukemia, acute myeloid leukemia (AML), chronic myeloid leukemia, acute
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lymphoblastic leukemia (ALL) (including non T cell ALL), chronic lymphocytic leukemia
(CLL), solid tumors of childhood, lymphocytic lymphoma, cancer of the bladder, cancer of
the kidney or ureter, carcinoma of the renal pelvis, neoplasm of the central nervous system
(CNS), primary CNS lymphoma, tumor angiogenesis, spinal axis tumor, brain stem glioma,
pituitary adenoma, Kaposi's sarcoma, epidermoid cancer, squamous cell cancer, T-cell
lymphoma, environmentally induced cancers including those induced by asbestos, other B
cell malignancies, and combinations of the cancers. In some aspects, the cancer is melanoma.

[0157] In some aspects, the cancer is relapsed. In some aspects, the cancer is refractory.
In some aspects, the cancer is advanced. In some aspects, the cancer is metastatic.

[0158] In some aspects, the methods disclosed herein treat a cancer in a subject. In some
aspects, the methods disclosed herein reduce the severity of one or more symptom of the
cancer. In some aspects, the methods disclosed herein reduce the size or number of a tumor
derived from the cancer. In some aspects, the methods disclosed herein increase the overall
survival of the subject, relative to a subject not provided the methods disclosed herein. In
some aspects, the methods disclosed herein increase the progressive-free survival of the
subject, relative to a subject not provided the methods disclosed herein. In some aspects, the
methods disclosed herein lead to a partial response in the subject. In some aspects, the
methods disclosed herein lead to a complete response in the subject.

[0159] Certain aspects of the present disclosure are directed to methods of treating an
infection in a subject in need thereof, comprising administering to the subject an HLA class II
molecule disclosed herein, a nucleic acid molecule disclosed herein, a vector disclosed
herein, or a cell disclosed herein. Non-limiting examples of infections that can be treated
using the compositions and methods disclosed herein include infection by a virus (including
viroids and prions), a bacterium, a fungus, a parasite, or any combination thereof. In some
aspects, the virus is herpesvirus, HIV, papvavirus, measles virus, rubella virus, human
papillomavirus (HPV), human T-lymphotropic virus 1, Epstein-Barr virus, hepatitis A virus,
hepatitis B virus, hepatitis C virus, influenza virus, norovirus, and any combination thereof.
In some aspects, the bacterium is selected from Streptococcus, Staphylococcus, and E. coli.
In some aspects, the bacterial infection is selected from Brucellosis, Campylobacter
infections, Cat-scratch disease, Cholera, Escherichia coli, Gonorrhea, Klebsiella,
Enterobacter, Serratia, Legionella infections, Meningococcal infection, Pertussis, Plague,

Pseudomonas infection, Salmonella infection, Shigellosis, Typhoid fever, Tularemia,
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Anthrax, Diphtheria, Enterococcal infection, Erysipelothricosis, Listeriosis, Nocardiosis,
Pneumococcal infection, Staphylococcal infection, Streptococcal infection, and any
combination thereof. In some embodiments, the parasite infection is selected from pinworm,
trichomononiasis, toxoplasmosis, giardiasis, cryptosporidiosis, malaria, hookwork, ringworm,
tapeworm, fluke, and any combination thereof. In some aspects, the fungal infection is
selected from Candida, Malassezia furfur, dermatophytes (e.g., Epidermophyton,
Microsporum, and Trichophyton), or any combination thereof.

[0160] In some aspects, the methods disclosed herein comprise treating a cancer or an
infection in a subject in need thereof, comprising administering to the subject a cell described
herein, wherein the cell comprises an MHC class II molecule disclosed herein, a nucleic acid
molecule disclosed herein, a vector disclosed herein, or any combination thereof.

[0161] In some aspects, the cell is obtained from the subject. In some aspects, the cell is

obtained from a donor other than the subject.

IIL.B. Methods of Enriching a Target Population of T Cells

[0162] Certain aspects of the present disclosure are directed to methods of enriching a
target population of T cells obtained from a human subject. In some aspects, the method
comprises contacting the T cells with an HLA class II molecule disclosed herein. In some
aspects, the method comprises contacting the T cells with a cell, e.g., an APC, disclosed
herein. In some aspects, following the contacting, the enriched population of T cells
comprises a higher number of T cells capable of binding the HLA class II molecule relative
to the number of T cells capable of binding the HLA class II molecule prior to the contacting.

[0163] Some aspects of the present disclosure are directed to a method of selecting a T
cell capable of targeting a diseased cell, e.g., a tumor cell. In some aspects, the method
comprises contacting a population of isolated T cells in vitro with a complex comprising an
MHC class II molecule disclosed herein and a fragment of a polypeptide, e.g. an antigen
expressed by a diseased cell, e.g., a tumor-expressed polypeptide, e.g., an epitope. In some
aspects, the T cells are obtained from a human subject.

[0164] The T cells obtained from the human subject can be any T cells disclosed herein.
In some aspects, the T cells obtained from the human subject are tumor infiltrating

lymphocytes (TIL).



WO 2021/019475 PCT/IB2020/057175
-53 -

[0165] In some aspects, the method further comprises administering to the human subject
the enriched T cells. In some aspects, the subject is preconditioned prior to receiving the T
cells, as described herein.

[0166] All of the various aspects, aspects, and options described herein can be combined
in any and all variations.

[0167] All publications, patents, and patent applications mentioned in this specification
are herein incorporated by reference to the same extent as if each individual publication,
patent, or patent application was specifically and individually indicated to be incorporated by
reference.

[0168] Having generally described this disclosure, a further understanding can be
obtained by reference to the examples provided herein. These examples are for purposes of

illustration only and are not intended to be limiting.

EXAMPLES
Example 1 — Methods
[0169] Cells
[0170] Peripheral mononuclear cells were obtained via density gradient centrifugation

(Ficoll-Paque PLUS, GE Healthcare Life Sciences, Marlborough, MA). The K562 cell line is
an erythroleukemic cell line with defective HLA class I/II expression. K562-based artificial
APCs (aAPCs) individually expressing various HLA class II genes as a single HLA allele in
conjunction with CD80 and CD83 have been reported previously (Butler et al., PloS One 7,
€30229 (2012). The Jurkat 76 cell line is a T cell leukemic cell line lacking endogenous TCR,
CD4, and CD8 expression. Jurkat 76/CD4 cells were generated by retrovirally transducing
the human CD4 gene. A375, SK-MEL-21, SK-MEL-28, SK-MEL-37 and Me275 are
melanoma cell lines. HEK293T cells and melanoma cell lines were grown in DMEM
supplemented with 10% FBS and 50 pg/ml gentamicin (Thermo Fisher Scientific, Waltham,
MA). The K562 and Jurkat 76 cell lines were cultured in RPMI 1640 supplemented with 10%
FBS and 50 pg/ml gentamicin.

[0171] Peptides

[0172] Synthetic peptides were purchased from Genscript (Piscataway, NJ) and dissolved
at 50 pg/ml in DMSO. The peptide sequences are shown in Table 3.
Table 3: Synthetic Peptide Sequences
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SEQ SEQ SEQ
Name Sequence ID Name Sequence ID | Name Sequence ID
NO: NO: NO:

ABCC6y0 | EVLAPVILML | | GPR143 | AMWIOLLYSA [ . | PAX3:: [ RKQRRSRITETA | .o
811100 ILNSFENAIST 120-125 CFWWLFCYAV 1-21c EQLEELER

HLA-
ABCC61¢ | EGEISDRFRF | o | oo TGPIRNGDWT | |, | PAX5:: | LIGMVRGSEFSG | |,
a8l TTFYIHFALV Y7 FQTVVMLEMT 2_351 SPYSHPQY

190
ABCC63 | KALLATFGSS | o, | HPNsg;- | PGVYTKVSDE | | o | PGKls; | VWNGPVGVFEWE | .,
1-320 FLISACFKLI 106 REWIFQATKT S35 AFARGTKA
ABCC63 | FKLIQDLLSF | .. | HSD17B | GTVAYIALRI [ . | PLACL | QAGAQEAQPLOP | .,
1_31c INPQLLSTILI 1217-3¢ | SYSLFTALRV 1s0-16¢ | SHFLDISE

HSD17B
ACRBP4s | GCEDVRVSGW | o | | VEVQSVLPYF | . [ PLIN2 | NLPLVSSTYDIM | .,
0-266 LOTEFLSFOD 225- VATKLAKIRK 18237 SSAYLSTK

244
AFP2;o- | TVIKLSQKET | . | Hsp70z | EGIDEYTSIT [ | POTEE | NERFRCPEALFQ | .
258 KVNFTEIQKL s—308 RARFEELCSD s52-971 | PCFLGMES
AIMZ2:5 | TDEELDRFKE | . | IDOlis | SFRDGDCSKG | |- | PPIBss | LATGEKGEGYRN |
3 FLSDEFNTIAT a2 FFLVSLLVEI _og SKFHRVIK
AIMZ05 | RITIIARYYR | .o | IL13RA [ SSENKPIRSS [ | o | PRAME | SLQCLOALYVDS | .-
524 HSGFLEVNSA 2217-236 | YFTFQLONIV ssa-313 | LFFLRGRL
ALDHIA | RTIPIDGNEF | , | KAAGL: [ DDAAPRVEGV [ | o | PRDML | YQCKVCPAKETQ | | o
lis3-1¢2 | TYTRHEPIGV 22 PVAVHKHALH ese—c7s | FVHLKLHK
ALKijeo- | DELDFLMEAL | ,. | KDMSB:; | TFGEMADAFK [ | | PSAse: | EVAAKTLPEYKD | g
1176 TISKFNHONT 1-400 SDYFNMPVHM 302 YFNVPYPL
ANKRD3
on VYGNTALHYA [, [KDRsss | IIILVGTAVI | ., [ PSAsso | KLNLGIVGEYRT | oo
127 VYSETILSVVA 784 AMFFWLLLVI 505 OYSSAMLE
156
ANXAZ2;4 | LESIRKEVKG | . | KIF20A | RESIWISFFE | ., | PSAcs) | SHIDFYEEIQEF | o
1-260 DLENAFLNLV 298-317 IYNELLYDLL ese VKDVFSPI
ARF47;- | RIRPLWKHYF | | | KIF2Cs; | NQPCYRKLGL | |, | PSAsy | ELYNRYQGGFLI | o,
. ONTQGLIFVV 6—105 EVYVTFFETY _ase SRLIKLSV

PTTG1
BAGELs | AVFLALSAQL | . |KLKdie | SVRHPEYNRE | . | p CKLSSARWGVCW | oo
24 LOARLMKEES i1 LLANDLMLIK 8- | VNFEALTI
100

LGALS3
BAX:s: | RTIMGWTLDE [, [Lo OKKTLOALEF | | . | PKDNi> | SRLGPTIMCLLS | o,
143 LRERLLGWIQ 7es HTVPFQLLAR 26-1245 | TOFKRLRD

393




WO 2021/019475 PCT/1IB2020/057175
-55.

BCL2L1 | LSYKLSQKGY | . | LGALSY [ VMVNGILEVQ | . | RAB38 | QGKDVLMNNGLK | ..
1332 SWSQFSDVEE 112121 YFHRVPFHRV 131-150 | MDQFCKEH
BIRCS:) | LSVKKQFEEL | o | LGSNi | IAKROLSHLQ | |, [ RCVRN [ NTKFSEEELCSW | |,
1oe TLGEFLKLDR _s0e ASGFSLLSAF 20-38 YOSFLKDC
BIRC7:; | DPWIEHAKWE | o | LGSNze; | TGVKEVARKY | | o | RGS5:¢ [ MEKDSLPREVRS | |-
o158 PSCQFLLRSK 308 NYIASFFIET a8l EFYQELIK
BST215s | YPSSQDSSSA | .. | LGSNass | YNYIASFFIE | | o | RGS57: [ YGLASFKSFLKS | | 0
173 AAPQLLIVLL _a1s TGFCDSGILS an EFSEENLE
CA9::1 | LTTPPCAQGV | ., | LGSN7e | QAMARNRLQF | |, | RhoCic [ CGKTCLLIVESK | oo
350 IWTVENQTVM e VRFEATDLHG a5 DQFPEVYV
CALCA; | MGFQKFSPFL | ., |LIMSls | QCEVCAQCFQ |, | RNF43 | PDYDVWILMIVV | oo
20 ALSILVLLOA . QFPEGLFYEF 1e5-214 | GTIFVITL
ccpell | VLQQOLESFQ | ., | LY6Kss | EKRFLLEEPM | . | RPS2ss | YLTPDLWKETVE | oo
Osg-77 ALRMQTLONV 18 PFFYLKCCKI 0—269 TKSPYQEF

MAGE-
CCNAlss | KYVAELSLLE | o) | a10 DEKVIDLVQF [ . | SAGEL | KVKRQEVEFTIK [ g,
e—a8s ADPFLKYLPS 157 | LLFKYQMKEP e57-87¢ | EAARFKKV

154

MAGE-
CCNALss | QOATREKYKA | . [ 7 ALSRKMAELV [ [ SART1 | MDQEFGVSTLVE | .
8-457 SKYLCVSLME 108 | HFLLLKYRAR 227-24¢ | EEFGORRQ

127

MAGE-
CCNDlzy | SENNFLSYYR | . | ) PRKLLTQDLV | .. | SART3 [ ROKMSEIFPLTE | .,
o238 LTRFLSRVIK 235- QEKYLEYRQV 135-154 | ELWLEWLH

254

MAGE-
CD274;- | MRIFAVFIFM | o, |, AISRKMVELV [ . [sceB2 | LSNVEVEMVISE | ..
20 TYWHLLNAFT 108~ HFLLLKYRAR A274-03 | SSYKLFKS

127

MAGE-
CD45101 | PSKYINASFI | o [ 0 RKMVELVHFL | |, | SCRN1 [ TLRDKASGVCID | .
21031 MSYWKPEVMI - LLKYRAREPV 257-25¢ | SEFFLTTA

130

MAGE-
CD45105 | PLKETIGDEW | o | ., YEFLWGPRAL | o | SDClze | VGLIFAVCLVGE [ o
621055 OMIFQRKVKV 270- AETSYVKVLE 1281 MLYRMKKK

289

MAGE-
CD45120 | KARPGMVSTE | [ ' LGSVVGNWQY | |, | STM21: [ HHHLLQEYEIER | oo
41223 EQYQFLYDVI 136~ FFPVIFSKAS 1166 SFFLRMKC

155

MAGE- SLAMF
CDH3:10 | DHKPKFTODT | . | o PKKLLTQYFV [ .| - LLVPLLLSLEVL | | og
ong FRGSVLEGVL 212- OENYLEYRQV 232 GLFLWFLK

261 251
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MAGE-
CDKN1A | DEVIETPLEG | . | o YFPVIFGKAS | . | SLC4S | VORLWVSRLLRH | ,
52-71 DFAWERVRGL 1as- EFMOVIFGTD A3s1 | RKAQLLLV
164
MAGE-
CEAzcs- | PAQYSWEVNG | o | o) PRKFITQDLV | ., | SOK10 | SQIAYTSLSLEH | , .
285 TFQQOSTQELF 2a1- QEKYLKYEQV 376-365 | YGSAFPST
260
MAGE-
CELs:z- | RSLRINFLRY | | oo PWKLITKDLV | .. | SOK4s | NFESMSLGSESS | .,
551 WTLTYLALPT 214- QEKYLEYKQV 1430 SSALDRDL
263
MAGE-
CLCA2:; | CGKEGKYIHF | o | OSPLONPASS | |, | SPAL7 | REQPDNIPAFAA | , .
s-141 TPNFLLNDNL 125- FFSSALLSIF 2948 AYFESLLE
144
MAGE-
CNTN2s7 | ISRSDEGKYT | . | OSPLQIPVSR | | | SSX22: | KAFDDIAKYFSK | 0,
I CFAENFMGKA 85— SFSSTLLSIF 4z EEWEKMKA
214
MAGE-
COTL1sy | QQCTDDVRLE | o | o SPLOIPGSPS | . | SSK42; | KAFDDIAKYFSK | , .
co AFVRFTTGDA 371 FSSTLLSLFQ a2 KEWEKMKS
390
CPSFly | NIIDLOFLHG | o PC/[?GE_ SPLQIPMTSS [ .. iTEAP LLGTIHALIFAW | ..
9-221 YYEPTLLILF 406~ FSSTLLSILO 263~ NKWIDIKQ
425 282
STEAP
CPSFly) | ANAAVGEPAF | | MAGEC2 | PLSSCCSSFS | .0 | FLPIVVLIFKSI | .
6_s65 LSEEFQONSPE 373-362 WSSFSEESSS 296- LFLPCLRK
315
CSAG21: | GVKRKDQGFL | . | MART1s; [ ILTVILGVLL | .o | STEAP | PIKIAAIIASLT | , o
50 EKEFYHKTNT s LIGCWYCRRR 1733 | FLYTLLRE
CSFliso | HDKACVRTFY | . [ MCIRyss [ AVDRYISIFY | | STEAP | KIAAIIASLTEL | , o
115 ETPLOLLEKV 158 ALRYHSIVTL loe-ss | YTLLREVI
STEAP
CSPG41; | QRSEHDVLFQ | _, |MClRess | ILLGIFFLCW |, |5 LALGLEVCEYAY | .
11-1760 VTQFPSRGOL ses GPFFLHLTLI 218 NFVRDVLO
237
CSPG4sy | FOIDOGEVVE MQHRGFLLLT TCL1io | AVTDHPDRLWAW
03-2022 artnrsssup | 0 | MPKizo | prarranrsa | 142 29 EKFVYLDE 211
CSPGdyy | IDQGEVVEAF | _, | MDM2sy- | TYTMKEVLEY | o | TERTss | LRSFEYVIETTE |
05-2024 TNFSSSHDHF ce LGOYIMTKRL 1_57¢ OKNRLFFY
CT83s. | SSILCALIVF | . |METis3s [ VSRISAIFST | | TERTss | RSFEYVTETTEQ | . 4
. WKYRRFQRNT 1353 FIGEHYVHVN 8-577 KNRLFFYR
TM4SF
CTSGus- | AGQSRCGGFL | | METsse. | RSAMCAFPIK |, | LDSLGQWNYTFA | .,
o3 VREDFVLTAA 378 YVNDFFNKIV taz- STEGQYLL
141
CYP1B1 | EQLNRNFSNF | ., |MGATS;; [ KLGFFLVIFG | , | TPBGz | LSNNSLVSLTYV | . .
263-281 ILDKFLRHCE 3 FIWGMMLLHF 1-260 SFRNLTHL
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CYP1B1 | STALQWLLLL | . |MMP2sys | AQIRGEIFFF | . | TRECL | APKSQFGRIIHT | .
336-355 FTRYPDVQTR _aes KDRFIWRTVT 371-360 | PFMKFITH
CYP1Bl | DPWPLNPLSI | .o |MMP2s: | APQEEKAVEF |, o | TRPC1 | IIHGASYFTFLL | ,. -
28 QOTTLLLLLS a4 AGNEYWIYSA 3ss-407 | LINLYSLV
DCTi7s- | PQFANCSVYD | . |MMP2sys | SKNKKTYIFA |, | TREC1 | NQLSFVMNSLYL | ,. ¢
193 FEVWLHYYSV 54 GDKFWRYNEV 156-475 | ATFALKVV
DCTy77- | ANCSVYDFEV | o |MMP2e2: | LQGGGHSYFF | .. | TREC1 | QOSNDTFHSFIG | .4
1s¢ WLHYYSVRDT ea2 KGAYYLKLEN s78-507 | TCFALFWY
DCTs:2- | QKEDNPPEFQ | o, |MMP7:s | ELQWEQAQDY | .. | TYMS:: | PLLTTKRVEWKG | .,/
151 NSTFSFRNAL 18 LKRFYLYDSE s-141 VLEELLWF
DDX43: | IATPGRLNDL | ., |MOKiss |QPYTEYISTR | ., | TYRsss | DPIFLLHHAEVD | .,
0389 OMSNEVNLKN 175 WYRAPECLLT 402 SIFEQWLR
UBXN1
DKKliss | CASGLCCARH | = | MPOgss | KGRVGPLLAC | .o | ORCLRDILDGFF | .,
o1a FWSKICKPVL 673 IIGTQFRKLR 258- PSELQRLY
277
EGLN3gs | EEGCEAISFL | . |MSH3ys | DPGAAEQVPD | .., | VENTX | LAAASGONRMIQ | .
Y LSLIDRLVLY r-1061 FVTFLYQITR Plisaz | GOHFLOKV
ENAHs;- | GSKEDANVFA | | MSLNsss | QMDRVNAIPF | .. | WDR46 | RRCDRVIRLEFL | .,
111 SAMMHALEVL 354 TYEQLDVLKH 273-262 | PFHFLLAT
EPCAM;; | TRYQLDPKFI | o, |MUClys [QLSTGVSFFF | . | XAGEL | CATWKVICKSCI | ,,.
s_1e1 TSTLYENNVI s_1054 LSFHISNLQF BAss_s» | SOTPGINL
EPHA2:, | ESDLDYGINF | . | MUCLé5o [ SMPANFETTG | . | XBPlie | LQIQSLISCWAF |
o_144 OKRLFTKIDT 117-101¢¢ | FEAEPFSHLT 215 WTTWTQSC
EPHA3, | ESDDDHGVKE | | MUCLé;o [ SLPSSTPVPF | o | ZBTB7 | VSTANVGDILSA | .
6-145 REHQFTKIDT 323-10342 | SSSTFTTTDS Bss_11z | ARLLETIPA
EPORss | PEGASAASFE | . [ MUCL6: [ AKTTTTENTL | oo | p1p LPKPPKPVSKMR | o
435 YTILDPSSOL ss8-12007 | AGSLFTPLTT MATPLLMOALPM
MAGE-
ERBB2ss | EDLGPASPLD | . | MUCL6ze | STKAISASSE | | o | 15 KKLLTQHEVQEN | g
21011 STFYRSLLED 14-2863 QSTGFTETPE 2837 | YLEY
258
ERBB2ss | DLGPASPLDS | . |MUC2ss [ ILLTIKDDTI | . |WTlss | PGCNKRYFKLSH | .0
11012 TFYRSLLEDD 113 YLTRHLAVLN a8 LOMHSRKHT
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NY-
EXOSCS | AASQHVFRFY | . | MUCSAC [ SGWGDPHYIT | | poo_ SLIMWITQCFLE | o,
215-274 RESLORRYSK 1622-1841 | FDGTYYTFLD N R
NY-
EZH2::; | HTLFCRRCFK | | Nuf2se | MRALQIVYGI | | o | pon. YLAMPFATEMEA | .,
so1 YDCFLHPFHA o5 RLEHFYMMPV 1 ELARRSLA
91-110
Influ
FGFS, | MSLSFLLLLF | .. [ORSLE2 [ LVMGVDVMFI | | enza PKYVKONTLKLA | oo
15 FSHLILSAWA 204-223 SLSYFLITRT HAspe- | T
318
HIV
FOLHLss [ VYETYELVEK | 53 DESVEPPLSQ | e | o FRDYVDREYKTL | .,
5574 FYDPMFKYHL Po37°26 | prpSDIWKLL 9253 | RAROASOFE
-312
GAGE1 | VAQTGILWLL | ., |PAK25s [QIAAVCRECL | | DDX3Y | TGSNCPPHIENE | ..
117-136 MNNCFLNLSP -363 QALEFLHANQ 171-190 SDIDMGEI
GAGE3:- | MNLSRGKSTY PAK2 VEKRGSAKEL Bet V
1- 485
. wiprprrevo | 28 | .o, ronprikiar | 167 | L ETLLRAVESYLL | 236
153
Influ
gpl00e; | MKQDFSVPQL | . | PAPOLA [ PRHVDRSDFF | o | enza RGYFKMRTGKSS | .-
1—e40 PHSSSHWLRL 121-140 TSFYDKLKLO HAzss- | IMRS
270
GBC3135 | PSLTPQAFEF | | o | PASDlzs | MEVDSDSTYC | o
154 VGEFFTDVSL a-277 SSTVFLDTMP
[0173] Genes
[0174] Novel TCR genes were cloned via 5’-rapid amplification of cDNA ends (RACE)

PCR using SMARTer RACE 5°/3° Kit (Takara Bio, Shiga, Japan) and sequenced as
previously described. All genes were cloned into the pMX retroviral vector and transduced
into cell lines using the 293GPG and PG13 cell-based retrovirus system.

[0175] Antibodies

[0176] The following antibodies were used for flow cytometry analysis: PE-conjugated
anti-class II (9-49 (I3)), APC-Cy7-conjugated anti-CD4 (RPA-T4, Biolegend, San Diego,
CA)*, FITC-conjugated anti-NGFR (ME20.4, Biolegend, San Diego, CA), PE-conjugated
anti-His tag (AD1.1.10, Abcam, Cambridge, MA), and FITC-conjugated anti-V22 (IMMU
546, Beckman Coulter, Brea, CA). Biotinylated DP4/NY-ESO1157.170 and DP4/WT1329.348
monomers were multimerized using PE-conjugated streptavidin (Thermo Fisher Scientific,
Waltham, MA) according to the manufacturer’s instructions. Dead cells were distinguished
with the LIVE/DEAD Fixable Near-IR Dead Cell Stain Kit 465 (Thermo Fisher Scientific,
Waltham, MA). Stained cells were analyzed with Canto II or LSRFortessa X-20 (BD
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Biosciences, Franklin Lakes, NJ). Cell sorting was conducted using a FACS Aria II (BD
Biosciences, Franklin Lakes, NJ). Data analysis was performed using FlowJo software (Tree
Star, Ashland, OR).

[0177] The following antibodies were used for immunoblot analysis: anti-f-actin (C4,
Santa Cruz Biotechnology, Santa Cruz, CA), rabbit polyclonal anti-MAGE-A2 (Abcam,
Cambridge, MA), anti-CCND1 (EPR2241, Abcam, Cambridge, MA), HRP-conjugated goat
anti-mouse IgG (H+L) secondary antibody (Promega, Fitchburg, WI), and HRP-conjugated
anti-rabbit IgG (H+L) secondary antibody (Promega, Fitchburg, WI).

[0178] TCR transduction into primary T cells

[0179] CD3" and CD4" T cells were purified using the Pan T Cell Isolation Kit (Miltenyi
Biotec, Bergisch Gladbach, Germany) and CD4" T Cell Isolation Kit (Miltenyi Biotec,
Bergisch Gladbach, Germany), respectively. Purified T cells were stimulated with
aAPC/mOKTS3 irradiated with 200 Gy at an E:T ratio of 20:1. Starting the following day,
activated T cells were retrovirally transduced with the cloned TCR genes via centrifugation
for 1 hour at 1,000 x g at 32°C for 3 consecutive days or using a Retronectin-coated plate
(Takara Bio, Shiga, Japan). On the following day, 100 IU/ml IL-2 and 10 ng/ml IL-15 were
added to the TCR-transduced T cells. The culture medium was replenished every 2-3 days.

[0180] Staining with soluble CD4

[0181] The soluble CD4 (sCD4) gene was generated by fusing the human CD4
extracellular domain with a 6xHis tag via a GS linker. HEK293T cells were retrovirally
transduced with the sCD4 gene, and the culture supernatant containing the sCD4 monomer
was harvested. sCD4 was dimerized with a PE-labeled anti-6xHis tag mAb (AD1.1.10,
Abcam, Cambridge, MA) and used. HLA class II-expressing K562 cells were stained with
dimerized sCD4 in the presence of goat serum for 30 min at room temperature. The surface
HLA class II expression in K562-derived cells individually expressing various class Il genes

was as demonstrated in Figs. 13A-13Q.

[0182] Construction and screening of a multisite-directed DPB1%*04:01 mutant cDNA
library
[0183] Multisite-directed random mutations were inserted into the DPB1*04:01 cDNA

by using PCR and the following primer sets: forward: 5’-
CACCACAACNNNCTTNNNTGCCACGTG-3" (SEQ ID NO: 12) and reverse: 5’-
CACGTGGCANNNAAGNNNGTTGTGGTG-3" (SEQ ID NO: 13) for L112 and V114,
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forward: 5’- ACAGCTGGGGTCNNNTCCACCAACCTG-3’ (SEQ ID NO: 14) and reverse:
5’- CAGGTTGGTGGANNNGACCCCAGCTGT-3" (SEQ ID NO: 15) for V141; forward:
5’- CAGATCNNNGTGNNNCTGGAAATGACC-3’ (SEQ ID NO: 16) and reverse: 5°-
GGTCATTTCCAGNNNCACNNNGATCTG-3" (SEQ ID NO: 17) for L156 and M158. N
stands for any nucleotide. The resultant PCR fragments were fused to each other to construct
a mutant full-length DPB1*04:01 cDNA expression library carrying random mutations at the
positions L112, V114, V141, L156, and M158. K562 cells stably expressing the DPA1*01:03
gene were infected with recombinant retroviruses produced using the packaging cell line
293GPG at a transduction efficiency of less than 30%. The infected K562 cells were stained
with soluble CD4 dimer, and the dimer-positive cells were collected using a flow cytometry
cell sorter. The mutant DPB1*04:01 gene was cloned from the collected cells and retrovirally
transduced into K562 cells along with the wild-type DPA1*01:03 gene as described above.
[0184] Generation of the HLA class II monomer and dimer
[0185] The extracellular domain of the wild-type class II a gene was fused with an acidic
leucine zipper via a GGGS linker followed by a 6xHis tag via a GS linker (see SEQ ID NO:
8). The ectodomain of the class II B gene carrying mutations (see SEQ ID NO: 3) was
similarly linked with a basic leucine zipper via a GGGS linker (see SEQ ID NO: 4).
HEK293T cells were transfected with the o and P genes using the 293GPG cell-based
retrovirus system and cultured in DMEM supplemented with 10% FBS and 50 pg/ml
gentamicin. For DP4 dimer staining, HEK293T cells stably secreting soluble DP4L112W/V14M
protein were grown until confluent, and the medium was changed to serum-free 293 SFM 11
medium (Thermo Fisher Scientific, Waltham, MA). After forty-eight hours, the conditioned
medium was harvested and concentrated using Amicon Ultra filters (molecular weight cut-off
(MWCO) 10 kDa) (MilliporeSigma, Burlington, MA). The soluble HLA class II-containing
supernatant was then mixed with 100 ug/ml peptide of interest for 20-24 hours at 37°C for in
vitro peptide exchange. Monomer that was not subjected to peptide exchange was used as a
control. The concentration of the monomer was measured by specific ELISA using a nickel-
coated plate (XPressBio, Frederick, MD) and an anti-His tag biotinylated mAb (AD1.1.10,
R&D Systems, Minneapolis, MN). Soluble HLA class II monomer was dimerized using PE-
conjugated anti-His mAb (AD1.1.10, Abcam, Cambridge, MA) at a 2:1 molar ratio for 1.5
hours at 4°C for staining.

0186 Stimulation of DP4-restricted antigen-specific CD4™ T cells
[0186] gen-sp
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[0187] CD4" T cells were purified using a CD4" T Cell Isolation Kit (Miltenyi Biotec,
Bergisch Gladbach, Germany). Purified T cells were stimulated with DP4-expressing aAPCs
pulsed with DP4-restricted peptides at 10 pg/ml and irradiated at 200 Gy at an E:T ratio of
20:1. After forty-eight hours, 10 TU/ml IL-2 and 10 ng/ml IL-15 were added to the CD4™ T
cells. The culture medium supplemented with IL-2 (10 IU/ml) and IL-15 (10 ng/ml) was
replenished every 2-3 days. After 2 weeks of stimulation, the T cells were subjected to DP4
LIZWVIAM dimer staining.

[0188] HIA class Il dimer and tetramer staining

[0189] Primary T cells and Jurkat 76/CD4 T cells transduced with exogenous TCR gene
were pretreated with 50 nM dasatinib (LC Laboratories, Woburn, MA) for 30 min at 37°C*
and stained with 5-15 pg/ml class II dimer for 4-5 hours at room temperature. After washing,
cell surface molecules were counterstained with an APC-Cy7-conjugated anti-CD4 mAb, a
FITC-conjugated anti-NGFR mAb, and a PE-conjugated anti-V[22 mAb.

[0190] ELISPOT assay

[0191] Cytokine ELISPOT assays were performed as previously reported (see, e.g.,
Yamashita et al., Nat. Commun. 8:15244 (2017); and Anczurowski et al., Sci. Rep. 8:4804
(2018)).

[0192] Immunoblotting

[0193] Immunoblot analysis was performed as previously reported (see, e.g., Yamashita
et al., Nat. Commun. 8:15244 (2017); and Anczurowski et al., Sci. Rep. 8:4804 (2018)).

[0194] Protein modeling

[0195] The HLA-DP4 and human CD4 complex model structures were predicted based

on structures from PDB IDs 3S5L and 3TOE using Swiss-Model workspace for quaternary
structure prediction.

[0196] Statistical analysis

[0197] Statistical analysis was performed using GraphPad Prism 6.0 software (GraphPad
Software, San Diego, CA). Unpaired two-tailed Student’s t-tests were used for two-sample
comparisons. No statistical method was used to predetermine sample size. The investigators
were not blinded to allocation during the experiments or outcome assessment. The
experiments were not randomized.

[0198] Biolayer interferometry sensorgram
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[0199] The extracellular domain of human CD4 (residues 26-440 of NP 000607.1)
followed by a GS linker and 10x histidine (His) tag was stably expressed in the human cell
line A375 (SEQ ID NOs: 245-246; Table 4). Recombinant 10x His-tagged CD4 protein was
purified from the supernatant with TALON metal affinity resin (Takara Bio, Shiga, Japan).
The eluted protein was concentrated using an Amicon Ultra-15 spin column (MilliporeSigma,
Burlington, MA) with a 10 kDa MWCO. Buffer was exchanged to HBS-EP (GE Healthcare
Life Sciences, Marlborough, MA) using 10 kDa MWCO MINI Dialyzer (Thermo Fisher
Scientific, Waltham, MA). The purity of the recombinant CD4 protein was consistently
>90%, as confirmed by SDS-PAGE.

[0200] The recombinant DP4 protein consisted of extracellular domains of DPA1*01:03,
and the wild-type DPB1#04:01 or L112W/V141M mutant. DPA1*01:03 was followed by an
acid leucine zipper, a GS linker and a 10x histidine tag, while wild-type and mutant DPB1
was followed by a basic leucine zipper, a GS linker, and a biotinylation sequence
(GLNDIFEAQKIEWHE; SEQ ID NO: 244). Both DPA and DPB genes were stably
expressed in A375-BirA cells, which were transduced with the codon-optimized BirA gene
encoding a leader sequence at the 5’ end and an ER retention KDEL motif at the 3’ end.
Recombinant DP4 protein was purified from the supernatant with TALON metal affinity
resin (Takara Bio, Shiga, Japan). Eluted protein was concentrated using Vivaspin 500 spin
column (GE Healthcare Life Sciences, Marlborough, MA) with a 10 kDa MWCO, and
reconstituted to working volume in PBS.

[0201] Binding for wild-type DP4 and DP4M2WVIHM with CD4 was measured by the
Octet Red system (ForteBio, Fremont, CA). Experiments were performed at 25°C using a
96-well OptiPlate (Perkin Elmer, Waltham, MA), with a 200-ul sample volume and constant
shaking at 1,000 rpm. The biotinylated recombinant DP4 was loaded onto streptavidin-
coated biosensors (ForteBio, Fremont, CA) until saturation, followed by baseline
measurement in the HBS-EP buffer. Association was measured by incubating the loaded
sensors for 400 sec with titrated concentrations of recombinant CD4 (0.8125 to 26 uM)
before 300 sec dissociation in HBS-EP buffer alone. The steady-state analysis was fitted
using a one-site specific binding model in GraphPad Prism 7.0

Table 4. Soluble 10x His-tagged CD4 Nucleic Acid Sequence



WO 2021/019475 PCT/IB2020/057175
-63 -

Fibroin L Signal Peptide; CD4; Gly/Ser Linker and His tag sequences (10X) (SEQ ID NO:
245)
ATGATGCGGCCCATCGTGCTGGTGCTGCTGTTTGCCACATCTGCCCTGGCCAAG
AAAGTGGTGCTGGGCAAAAAAGGGGATACAGTGGAACTGACCTGTACAGCTTC
CCAGAAGAAGAGCATACAATTCCACTGGAAAAACTCCAACCAGATAAAGATTC
TGGGAAATCAGGGCTCCTTCTTAACTAAAGGTCCATCCAAGCTGAATGATCGCG
CTGACTCAAGAAGAAGCCTTTGGGACCAAGGAAACTTTCCCCTGATCATCAAG
AATCTTAAGATAGAAGACTCAGATACTTACATCTGTGAAGTGGAGGACCAGAA
GGAGGAGGTGCAATTGCTAGTGTTCGGATTGACTGCCAACTCTGACACCCACCT
GCTTCAGGGGCAGAGCCTGACCCTGACCTTGGAGAGCCCCCCTGGTAGTAGCC
CCTCAGTGCAATGTAGGAGTCCAAGGGGTAAAAACATACAGGGGGGGAAGAC
CCTCTCCGTGTCTCAGCTGGAGCTCCAGGATAGTGGCACCTGGACATGCACTGT
CTTGCAGAACCAGAAGAAGGTGGAGTTCAAAATAGACATCGTGGTGCTAGCTT
TCCAGAAGGCCTCCAGCATAGTCTATAAGAAAGAGGGGGAACAGGTGGAGTTC
TCCTTCCCACTCGCCTTTACAGTTGAAAAGCTGACGGGCAGTGGCGAGCTGTGG
TGGCAGGCGGAGAGGGCTTCCTCCTCCAAGTCTTGGATCACCTTTGACCTGAAG
AACAAGGAAGTGTCTGTAAAACGGGTTACCCAGGACCCTAAGCTCCAGATGGG
CAAGAAGCTCCCGCTCCACCTCACCCTGCCCCAGGCCTTGCCTCAGTATGCTGG
CTCTGGAAACCTCACCCTGGCCCTTGAAGCGAAAACAGGAAAGTTGCATCAGG
AAGTGAACCTGGTGGTGATGAGAGCCACTCAGCTCCAGAAAAATTTGACCTGT
GAGGTGTGGGGACCCACCTCCCCTAAGCTGATGCTGAGCTTGAAACTGGAGAA
CAAGGAGGCAAAGGTCTCGAAGCGGGAGAAGGCGGTGTGGGTGCTGAACCCT
GAGGCGGGGATGTGGCAGTGTCTGCTGAGTGACTCGGGACAGGTCCTGCTGGA
ATCCAACATCAAGGTTCTGCCCACATGGGGCAGCCACCACCACCATCACCATCA
TCATCACCATTGA

Fibroin L Signal Peptide; CD4; Gly/Ser Linker and His tag sequences (10X) (SEQ ID NO:
246)

MMRPIVLVLLFATSALAKKVVLGKKGDTVELTCTASQKKSIQFHWKNSNQIKILGN
QGSFLTKGPSKLNDRADSRRSLWDQGNFPLIIKNLKIEDSDTYICEVEDQKEEVQLL
VFGLTANSDTHLLQGQSLTLTLESPPGSSPSVQCRSPRGKNIQGGKTLSVSQLELQD
SGTWTCTVLQNQKKVEFKIDIVVLAFQKASSIVYKKEGEQVEFSFPLAFTVEKLTGS
GELWWQAERASSSKSWITFDLKNKEVSVKRVTQDPKLOQMGKKLPLHLTLPQALPQ
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YAGSGNLTLALEAKTGKLHQEVNLVVMRATQLQKNLTCEVWGPTSPKLMLSLKL
ENKEAKVSKREKAVWVLNPEAGMWQCLLSDSGQVLLESNIKVLPTWGSHHHHHH

HHHH
Example 2 — L112W/V141M substitutions of the DPJ chain
enhance the binding of DP to CD4
[0202] A cDNA expression library was generated of the DPB1*04:01 (DP4p) gene

carrying random mutations at L112, V114, V141, L156, and M158, which corresponds to
L114, V116, V143, L158, and M160 of the DRI chain, respectively, and coexpressed the
library along with the wild-type DPA1*01:03 (DPa) gene in class II-deficient K562 cells.
After two rounds of screening using soluble CD4 protein (sCD4), cell populations with
enhanced CD4 binding were isolated, from which a mutant DP4p gene carrying L112W,
V114M, V141M, and MI58I substitutions was molecularly cloned. When ectopically
expressed in the K562 cells, the mutant DP4 molecules consisting of the wild-type DPa chain
and cloned mutant DP4f chain carrying L112W, V114M, V141M, and M158I substitutions
(DPALILZWNVLIIAMVIAIMMISED Hp deed showed enhanced binding to sCD4 compared with the
wild-type DP4 molecules, excluding the possibility that enhanced CD4 binding was an
artifact of screening processes (FIGs. 1A-1F).

[0203] To determine which of the four mutations is critical for enhanced CD4 binding, a
reversion mutagenesis study was conducted. All the possible reversion DP4 mutants were
reconstituted on class II-negative K562 cells and stained with sCD4. Both the L112W and
V141M but not V114M or M158I single substitutions individually enhanced the binding of
DP4 to sCD4 (FIG. 1G). Importantly, the L112W/V141M double mutations (DP4L112W/V141M)
synergistically enhanced the DP4/CD4 binding (FIG. 1G). Interestingly, both the V114M and
M158I single replacements appeared to have a negative effect on the enhanced binding
enabled by the DP4MIZWVIHM myations (FIG. 1G). Previous studies have estimated that the
Kp value between CD4 and HLA class II is >2 mM. Using biolayer interferometry (BLI)
binding assay, the affinity of DPRMIYVIHM for CD4 was measured. While no binding was
detected between wild-type DP4 and CD4, DP4MIZWVIHM boynd to CD4 with a Kp of 8.9
uM + 1.1 (FIG. 1H and FIGs. 1X-1BK). This value represents an at least 200-fold
improvement in the binding affinity. Further, the observed affinity between CD4 and
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DP4HIZWVIAIM g higher than that between human CD8 and HLA class I (~200 pM) and is
comparable to that between mouse CD8 and mouse MHC Class I (~10 puM). To confirm that
enhanced binding between DP4MIZWNVIHM and CD4 leads to an enhanced CD4™ T cell
response, a comparison was conducted of the immunostimulatory capacity of artificial APCs
(aAPCs) expressing either wild-type DP4 or DP4LI2ZWNVIHM a4 5 single class 1T allele using
DP4/WT1 TCR (clone 9)-transduced CD4" and CD4" Jurkat 76 T cells as responder cells. As
expected, DP4IZWVIHM carrving aAPCs demonstrated enhanced T cell stimulatory activity
in a CD4-dependent manner (FIG. 11).

[0204] Next other DP alleles to CD4 were analyzed to determine whether the
L112W/V141M mutations also enhance binding. Although none of the wild-type DP2, DPS,
or DP8 bound to CD4, all three molecules bound to CD4 strongly when the L112W/V141M
double mutations were introduced in the DPP chains of these molecules (FIGs. 1J-1W). A
structural model (FIGs. 2A-2D) constructed based on a previous report revealed that in the
DP4HIZWVIIM_CD4 complex, the two L112W/V141M mutations apparently induced a
hydrophobic effect at the positions, K35, Q40, and T45 of CD4. These results show that
L112W/V141M mutations can enhance the CD4 binding of at least all 4 of the DP alleles
tested.

Example 3 — Affinity-matured DP4-112V/VIHIM yyltimers
specifically stain cognate TCRs
[0205] To determine the effect of the L112W/V141M double mutations of DP43 on DP4

multimer staining, a soluble DP4 L112W/VI4IM

monomer was produced, which was then
dimerized with an anti-His tag mAb. Primary T cells were individually transduced with three
different DP4-restricted TCRs specific for MAGE-A3 (clone R12C9), WT1 (clone 9), and
NY-ESO-1 (clone 5B8) and then stained with cognate DP4 M 1I2W/VIHM dimers. As shown in
FIGs. 3A-3P, each DP4MIZWVIIM dimer specifically stained CD4™ T cells expressing the
cognate TCR. Costaining of R12C9- and clone 9-transduced T cells with an anti-VB22 mAb
and anti-NGFR mAb, respectively, along with the respective DP4X1ZW/VI4IM dimer confirmed
that virtually all TCR-transduced CD4" T cells were successfully stained with the respective
DP4HIZWVIIM qimers (FIGs. 4A-4H). Compared with conventional wild-type DP4 tetramers,
our novel DP4LHZWNVIIM dimers stained both DP4/WT1 and DP4/NY-ESO-1 T cells better

than conventional wild-type DP4 tetramers (FIGs. SA-5P). Notably, the conventional wild-
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type DP4/NY-ESO-1 tetramer was unable to stain cognate T cells even at the highest
concentration available (data not shown).

Example 4 — DP4 M112WVIHIM dimer technology is robust and versatile

[0206] To demonstrate the robustness and versatility of the DP4LIZWVIHM myltimer

staining, a comprehensive screening was performed for the in vifro immunogenicity of
potential DP4-restricted peptides derived from an array of tumor-associated antigens (Table
3). One hundred and ninety-six DP4-restricted and tumor-associated antigen-derived 20-mer
peptides were predicted using a peptide prediction algorithm (NetMHC2 ver.2.2) and
chemically synthesized (Table 3). The frequency of antigen-specific CD4™ T cells is generally
very low in the periphery; therefore, primary CD4" T cells isolated from six DP4" melanoma
patients were stimulated only once with DP4-aAPCs individually pulsed with the 196
peptides and stained with cognate DP4-12WVIHM dimers To avoid potential in vitro priming,
weak stimulatory conditions were utilized. As shown in FIGs. 6A-6F, 103 predicted DP4

peptides were immunogenic, at least in vitro.

[0207] To validate the dimer staining results, we cloned seven DP4-restricted TCR genes

specific for CCNDI1219.238, HSD17B12225.044, LGSNag6.315, MAGE-A2108-127, and
MUCS5AC4922.4921 (FIGs. 7A-7L and Table 5) from the dimer-positive T cells. When
clonotypically reconstituted in human CD4" TCR-deficient T cells, all these TCRs were
successfully stained by the cognate DP4LIZWNVIHM  dimers (FIGs. 8A-8X) and were

functional in a DP4-restricted and antigen-specific manner (FIGs. 9A-9G).

[0208] Among the four TCRs individually expressed in primary T cells, three TCRs, i.e.,

03-CCND1219-233, 06-MAGE-A2108-127, and 05-MUCS5AC4922-4941, were able to recognize
cognate peptides that were endogenously processed and presented by DP4 (FIGs. 10A-10Q
and 11A-11E). Importantly, 06-MAGE-A210s.127-transduced primary T cells were able to
recognize melanoma cell lines in a DP4- and MAGE-A2-dependent manner (FIGs. 12A-

12E).
Table 5: DP4-Restricted TCRs
No. | Peptide TRAV TRAJ | TCR-alpha CDR 3 | TRB | TRBJ TCR-beta CDR 3
\%
03 | CCND1219- 2*01 21*01 | CAVCTLYNFNKEF | 6- 2-1*01 | CASLTDNNEQFF
238 YF 5*01 (SEQ ID NO: 25)
(SEQ ID NO: 18)
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05 |HSDI17B12, | 22*01 18*01 | CAVAPYDRGSTL | 19*01 | 2-5*01 | CASSTGQGLETQ
25244 GRLYF (SEQ ID YF (SEQ ID NO:
NO: 19) 26)
09 | HSD17B12, |27*01 33*01 | CAGVKDSNYQLI | 30*%01 | 2-1*01 | CAWSSYNEQFF
25244 W (SEQ ID NO: (SEQ ID NO: 27)
20)
05 | LGSN296-315 | 9-2*%03 32*01 | CALSDLSYGGAT | 27*01 | 1-5*01 | CASSKGQGLGN
NKLIF (SEQ ID QPQHF (SEQ ID
NO: 21) NO: 28)
03 | MAGE- 36/DV7 | 40*01 | CAVEVNSGTYK |[2*01 | 1-1*01 | CASRRDLAAFF
A208.127 *04 YIF(SEQ ID NO: (SEQ ID NO: 29)
22)
06 | MAGE- 19*01 40*01 | CALSVGTYKYIF( | 7- 2-5%01 | CASSPGTGGRET
A2, 08127 SEQ ID NO: 23) | 9*01 QYF (SEQ ID NO:
30)
05 | MUCSAC49,2 | 38-1*03 | 58*01 | CAFMKRAETSGS | 6- 2-5%01 | CASSYWPTRETQ
2-4941 RLTF(SEQ ID NO: | 2*01 YF (SEQ ID NO:
24) 31)
[0209] In contrast to CD8, the role and function of CD4 as a coreceptor has yet to be fully

elucidated. This lack of information exists mainly because the binding between CD4 and

class II is exceptionally weak, which significantly limits research on the role of the

association between CD4 and class II. In this study, an affinity-matured form of HLA-DP4,

i.e., DP4MIZWVIIM  waq isolated with enhanced CD4 binding, and a novel DP4L11ZW/VI4IM

dimer technology was developed, which introduces robustness and rigorousness in the

detection of DP4-restricted antigen-specific CD4™ T cells.

[0210]

Using this DP4LI2ZWVIHM dimer technology, DP4-restricted antitumor T cell

responses were comprehensively studied in vifro and multiple DP4-restricted immunogenic

peptides and cognate TCR genes were identified. HLA-DP4 is the most prevalent HLA allele

in many ethnic groups and belongs to the DP¥CY group. Unlike other class II molecules,

DP¥YY molecules such as DP4 constitutively present peptides derived from endogenous

sources regardless of the invariant chain and HLA-DM expression. The improved




WO 2021/019475 PCT/IB2020/057175
- 68 -

presentation of endogenous peptides via class II is correlated with improved survival of
cancer patients. Notably, a first-in-human class II-restricted TCR gene therapy indeed
targeted a DP4-restricted MAGE-A3 peptide (see, e.g., Yao et al., J. Immunother. 39:191-201
(2016)). The DP¥SY genotype, such as in DP2 and DP4, acts as a risk allele for anti-
neutrophil cytoplasmic autoantibody-associated vasculitis. DP4 molecules, which can
constitutively present peptides derived from endogenous tumor-associated antigens, may
induce more clinically relevant antitumor responses than other class II molecules, serving as a

protective class II allele.

[0211] To identify affinity-matured class II molecules, the present examples detail

multiple mutations in the B-chain but not the a-chain because the B-chain has a more direct
interaction with CD4 than the o chain. It is possible that additional mutations of the a- and/or
B-chains can further enhance the binding between class II and CD4. However, the use of such
soluble class II molecules with excessive CD4 binding capabilities may cause nonspecific

staining of CD4" T cells, thereby having a detrimental effect.

[0212] In conclusion, CD4™ T cells play a critical role in the development of autoimmune

diseases and protection against pathogenic infections and cancers. The novel HLA class II
multimer technology described herein may better facilitate the study of HLA class II-
restricted CD4™ T cell responses across HLA-DP alleles.

Example 5 — DP4 L1ZWVIIM Gyacificity and Binding

[0213] DP4 multimer staining of endogenous (untransduced) antigen specific CD4" T cells was

analyzed. The novel DP4M1P2WVIHM dimers positively stained endogenous TRPC1s7s.597-
specific CD4™ T cells (FIGs. 14A-14B) more strongly than the conventional DP4 dextramer
(FIGs. 14C-14D). The DP4MWVIIM dimers showed markedly improved staining of
endogenous (untransduced) NY-ESO-1157.170-specific CD4™ T cells (FIGs. 15A-15B; Table 6)
compared with conventional tetramers (FIGs. 15C-15D) or dextramers (FIGs. 15E-15F).
Table 6: DP4-Restricted TCRs

Donor | TRAV TRAJ | TCR-alpha CDR3 TRBV TRBJ | TCR-beta CDR3

No.

HDO04 | 8-2*01 32*02 | CVVSGGVNGGAT | 7-9*01 | 2-7*01 | CASSLTGGVSYEQY
NKLIF F
SEQ ID NO: 247 SEQ ID NO: 248

c6 13-1*01 | 18*01 | CAASVRGSTLGRL | 7-8*01 | 2-2*01 | CASSLGTGGTGELF
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YF F
SEQ ID NO: 249 SEQ ID NO: 250
cl2  [8-4*01 [18%01 | CAVSGGRGSTLG |29*01 | 1-2*01 | CSVQGGLDSNYGY
RLYF TF
SEQ ID NO: 251 SEQ ID NO: 252
cl7 13-1%01 | 18*01 | CAASVRGSTLGRL | 7-8*01 | 2-2%*01 | CASSLGTGGTGELF
YF F
SEQ ID NO: 253 SEQ ID NO: 254
23 13-1%01 | 18*01 | CAASVRGSTLGRL | 7-8*01 | 2-2%*01 | CASSLGTGGTGELF
YF F
SEQ ID NO: 255 SEQ ID NO: 256
26 | 38-2/ 21*01 | CAYRSNNFNKFYF | 5-1%01 | 1-2*01 | CASSLNTGAGYGY
DV8*01 SEQ ID NO: 257 TF
SEQ ID NO: 258
c31 13-1%01 | 18*01 | CAASVRGSTLGRL | 7-8*01 | 2-2%*01 | CASSLGTGGTGELF
YF F
SEQ ID NO: 259 SEQ ID NO: 260
37 13-1%01 | 18*01 | CAASVRGSTLGRL | 7-8*01 | 2-2%*01 | CASSLGTGGTGELF
YF F
SEQ ID NO: 261 SEQ ID NO: 262
39 | 2%01 9%*01 | CAVEERTGGFKTI | 2*01 2-2*01 | CASSLPSGGAPGTG
F ELFF
SEQ ID NO: 263 SEQ ID NO: 264
¢52 | 8-4*01 |18%01 | CAVSGGRGSTLG |29*01 | 1-2%01 | CSVQGGLDSNYGY
RLYF TF
SEQ ID NO: 265 SEQ ID NO: 266
c87 13-1%01 | 18*01 | CAASVRGSTLGRL | 7-8*01 | 2-2%*01 | CASSLGTGGTGELF
YF F
SEQ ID NO: 267 SEQ ID NO: 268
) 4%01 39*01 | CLVGDLGANAGN | 19*01 | 2-2*01 | CASSIATTNTGELFF
MLTF SEQ ID NO: 270

SEQ ID NO: 269
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c4 4%01 39*01 | CLVGDLGANAGN | 11-3%01 [2-7%01 | CASSLETGTNYEQY
MLTF F
SEQ ID NO: 271 SEQ ID NO: 272

c6 8-3*01 |32%02 | CAVALYGGATNK |7-9%3 | 2-1*01 | CASSLDIGNNEQFF
LIF SEQ ID NO: 274
SEQ ID NO: 273

9 25%01 | 53*01 | CAGRSGGSNYKL | 19*01 | 2-2%*01 | CASSIATTNTGELFF
TF SEQ ID NO: 276
SEQ ID NO: 275

29 | 25*01 |53*01 | CAGRSGGSNYKL | 19*01 |2-2%*01 | CASSIATTNTGELFF
TF SEQ ID NO: 278
SEQ ID NO: 277

c30 | 25*01 |53*01 | CAGRSGGSNYKL [ 19*01 |2-2%*01 | CASSIATTNTGELFF
TF SEQ ID NO: 280
SEQ ID NO: 279

32 |25*01 |53*01 | CAGRSGGSNYKL [ 19*01 |2-2%*01 | CASSIATTNTGELFF
TF SEQ ID NO: 282
SEQ ID NO: 281

¢33 |25*01 |53*01 | CAGRSGGSNYKL | 19*01 |2-2%*01 | CASSIATTNTGELFF
TF SEQ ID NO: 284
SEQ ID NO: 283

[0214] Next, ex vivo staining was performed of memory CD4" T cells with DP4L11ZW/VI4M

dimers specific to a series of pathogen-associated peptides without in vifro stimulation. A

small subset of the CD4™ T cells were positively stained with DP4LH2ZWNVIHM dimers for

tetanus toxinesg-oss (T Toss.968), herpes simplex virus type-2-UL21283.3020 (HSV-2-UL21283.302),

and respiratory syncytial virus glycoproteinl162.17s (RSV-GPis2.175) (FIGs. 16A-16Y). Next,

we established endogenous (untransduced) single-cell clones by limiting dilution from RSV-

GP162-175 (FIGs. 17A-17V) and TToss.oss dimer™ CD4™ T cells (FIGs. 18A-18R). These T cell

clones showed IL-2 production in an antigen-specific manner (FIGs. 17W and 18S). Multiple

TCRaof pairs, including one dominant pair, were isolated from both DP4M12W/VIIM R Gy _GP

and TT dimer™ single-cell clones (Table 6). In FIGs. 17A-17W and 18A-18S, single-cell




WO 2021/019475 PCT/IB2020/057175
-71 -

clones were established by limiting dilution from RSV-GPi2.175 and TTosz.968 dimer™ cells.
When these RSV-GP and TT dimer™ single-cell clones were individually stained with three
different DP4 multimers (DP4M12WVIHM dqimers wild-type DP4 tetramers, or wild-type DP4
dextramers), the DP42W/VIIM dimers showed better staining of RSV-GP- (c12 and ¢39)
and TT-specific clones (c2 and ¢9) than the conventional wild-type DP4 RSV-GP dextramers
and wild-type DP4 TT tetramers and dextramers (FIGs. 19A-19NN).

[0215] Methods
[0216] Cells
[0217] Peripheral mononuclear cells were obtained via density gradient centrifugation.

K562-based artificial antigen presenting cells (aAPCs) individually expressing various HLA
class II genes as a single HLA allele in conjunction with CD80 and CD83 have been reported
previously (Butler, M.O. et al. PLoS One 7, €30229 (2012)). HEK293T cells were grown in
DMEM supplemented with 10% FBS and 50 pg/ml gentamicin.

[0218] Peptides/Antibodies

[0219] Synthetic peptides were dissolved at 50 mg/ml in DMSO. The following
antibodies were used for flow cytometry analysis: APC-Cy7-conjugated anti-CD4 and PE-
conjugated anti-His tag.

[0220] Generation of the HLA class II monomer and dimer

[0221] HEK?293T cells were transfected with the o and 3 genes using the 293GPG cell-
based retrovirus system (see Hirano, N. et al., Blood 107, 1528-1536 (2006); Butler, M.O. et
al., Clin Cancer Res 13, 1857-1867 (2007); Hirano, N. et al., Blood 108, 2662-2668 (2006))
and cultured in DMEM supplemented with 10% FBS and 50 pug/ml gentamicin. For DP4
dimer staining, HEK293T cells stably secreting soluble DP4-!12WVIHM nrotein were grown
until confluent, and the medium was changed to serum-free 293 SFM II medium (Thermo
Fisher Scientific, Waltham, MA). After forty-eight hours, the conditioned medium was
harvested and concentrated using Amicon Ultra filters (molecular weight cut-off (MWCO) 10
kDa) (MilliporeSigma, Burlington, MA). The soluble HLA class II-containing supernatant
was then mixed with 100 pg/ml peptide of interest for 20-24 hours at 37°C for in vitro
peptide exchange. The concentration of the monomer was measured by specific ELISA using
a nickel-coated plate and an anti-His tag biotinylated mAb. Soluble HLA class II monomer
was dimerized using a PE-conjugated anti-His mAb at a 2:1 molar ratio for 1.5 hours at 4°C

for staining.
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[0222] Stimulation of DP4-restricted antigen-specific CD4* T cells
[0223] CD4" T cells were purified and stimulated with DP4-expressing aAPCs pulsed

with DP4-restricted peptides at 10 pg/ml and irradiated at 200 Gy at an E:T ratio of 20:1.
After forty-eight hours, 10 TU/ml IL-2 and 10 ng/ml IL-15 were added to the CD4" T cells.
The culture medium supplemented with IL-2 (10 IU/ml) and IL-15 (10 ng/ml) was
replenished every 2-3 days. After 2 weeks of stimulation, the T cells were subjected to DP4
LIZWVIAM dimer staining.

[0224] HILA class II dimer, tetramer and dextramer staining

[0225] DP4 tetramers and dextramers were compared in multimer staining analysis.
Primary CD4" T cells transduced with antigen-specific TCR genes were pretreated with 50
nM dasatinib for 30 min at 37°C and stained with 5-15 ug/ml class Il dimers for 4-5 hours at
room temperature. After washing, cell surface molecules were counterstained with an APC-

Cy7-conjugated anti-CD4 mAb.

[0226] Dimer staining of unstimulated CD4" T cells from PBMCs from melanoma
patients
[0227] One million CD4" T cells were purified and pretreated with 50 nM dasatinib for

30 min at 37°C. The cells were stained with 5-15 pg/ml class II dimers for 4-5 hours at room
temperature. After washing, cell surface molecules were counterstained with an APC-Cy7-

conjugated anti-CD4 mAb. The absolute counts of the dimer™ cells were determined by flow

cytometry.
[0228] Expansion of DP4 dimer* T cells and establishment of single T cell clones.
[0229] To expand DP4LIZWVIHM dimer™ T cells, CD4™ T cells were stimulated and

stained with DP4LH2ZW/VIIM dimers as described above. The dimer™ cells were sorted by using
anti-PE magnetic beads and expanded by using artificial APC/mOKT3 irradiated at 200 Gy at
an E:T ratio of 5-20:1 (see Butler, M.O. et al., PLoS One 7, €30229 (2012)). The culture
medium supplemented with IL-2 (10 [U/ml) and IL-15 (10 ng/ml) was replenished every 2-3
days. Two to three weeks later, the T cells were subjected to DP4ZW/VIIM dimer staining.
DP4MIZWNVIIM dimer* single-cell clones were generated by limiting dilution as previously
described (see Su, L.F. et al., Immunity 38, 373-383 (2013)). Briefly, memory CD4" T cells
were purified and stained with DP4 MIZWVIHM dimers without dasatinib pretreatment. The
dimer” cells were sorted and then stimulated with 5 pg/ml PHA-P and PBMCs from multiple

allogeneic donors irradiated at 20 Gy in a 96-well plate. The culture medium was
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supplemented and replenished after 1 week of stimulation with IL-2 (100 IU/ml) and IL-15
(10 ng/ml). Two weeks later, single-cell clones were stained with DP4 M1IZWVIHM dimerg
[0230] ELISPOT assay

[0231] Cytokine ELISPOT assays were performed as previously reported (see Yamashita,

Y. et al., Nat Commun 8, 15244 (2017); Anczurowski, M. et al., Sci Rep 8, 4804 (2018)).
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Claims:
1. An HLA class II molecule comprising a DP beta chain, wherein the DP beta chain comprises
an amino acid other than leucine at a position corresponding to amino acid residue 112 of

SEQ ID NO: 1.

2. An HLA class II molecule comprising a DP beta chain, wherein the DP beta chain comprises
a substitution mutation at a position corresponding to amino acid residue 112 of SEQ ID NO:

1, wherein the substitution mutation is with an amino acid other than leucine.

3. The HLA class II molecule of claim 1 or 2, wherein the DP beta chain further comprises an
amino acid other than valine at a position corresponding to amino acid residue 141 of SEQ ID

NO: 1.

4. An HLA class II molecule comprising a DP beta chain, wherein the DP beta chain comprises
an amino acid other than valine at a position corresponding to amino acid residue 141 of SEQ

ID NO: 1.

5. An HLA class II molecule comprising a DP beta chain, wherein the DP beta chain comprises
a substitution mutation at a position corresponding to amino acid residue 141 of SEQ ID NO:

1, wherein the substitution mutation is with an amino acid other than valine.

6. The HLA class II molecule of claim 4 or 5, wherein the DP beta chain further comprises an
amino acid other than leucine at a position corresponding to amino acid residue 112 of SEQ

ID NO: 1.

7. The HLA class II molecule of any one of claims 1 to 6, wherein the DP beta chain comprises
an amino acid sequence having at least about 80%, at least about 85%, at least about 90%, at
least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about

99% sequence identity to an amino acid sequence selected from SEQ ID NOs: 1, 3, 4, and 5.

8. The HLA class II molecule of any one of claims 1 to 3, 6, and 7, wherein the amino acid

other than leucine comprises a hydrophobic side chain.

9. The HLA class II molecule of claim 8, wherein the amino acid other than leucine is selected
from the group consisting of an alanine, a valine, an isoleucine, a methionine, a

phenylalanine, a tyrosine, and a tryptophan.
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The HLA class II molecule of any one of claims 1 to 3 and 6 to 9, wherein the amino acid

other than leucine is a tryptophan.

The HLA class II molecule of any one of claims 3 to 10, wherein the amino acid other than

valine comprises a hydrophobic side chain.

The HLA class II molecule of claim 11, wherein the amino acid other than valine is selected
from the group consisting of an alanine, an isoleucine, a leucine, a methionine, a

phenylalanine, a tyrosine, and a tryptophan.

The HLA class II molecule of any one of claims 3 to 12, wherein the amino acid other than

valine is a methionine.

The HLA of any one of claims 1 to 13, wherein the DP beta chain comprises a tryptophan at a
position corresponding to amino acid residue 112 of SEQ ID NO: 1 and a methionine at a

position corresponding to amino acid residue 141 of SEQ ID NO: 1.

The HLA class II molecule of any one of claims 1 to 14, wherein the DP beta chain

comprises the amino acid sequence set forth in SEQ ID NO: 3.

The HLA class II molecule of any one of claims 1 to 15, wherein the DP beta chain

comprises the amino acid sequence set forth in SEQ ID NO: 4.

The HLA class II molecule of any one of claims 1 to 16, wherein the DP beta chain is
selected from DPB1*01, DPB1*02, DPB1*03, DPB1*04, DPB1*05, DPB1*06, DPB1*08,
DPB1*09, DPBI1*10, DPB1*100, DPB1*101, DPB1*102, DPB1*103, DPB1*104,
DPB1*105, DPB1*106, DPB1*107, DPB1*108, DPB1*109, DPB1*11, DPB1*110,
DPB1*111, DPB1*112, DPB1*113, DPB1*114, DPB1*115, DPB1*116, DPB1*117,
DPB1*118, DPB1*119, DPB1*120, DPB1*121, DPB1*122, DPB1*123, DPB1*124,
DPB1*125, DPB1*126, DPB1*127, DPB1*128, DPB1*129, DPB1*13, DPB1*130,
DPB1*131, DPB1*132, DPB1*133, DPB1*134, DPB1*135, DPB1*136, DPB1*137,
DPB1*138, DPB1*139, DPB1*14, DPB1*140, DPB1*141, DPB1*142, DPB1*143,
DPB1*144, DPB1*145, DPB1*146, DPB1*147, DPB1*148, DPB1*149, DPBI*15,
DPB1*150, DPB1*151, DPB1*152, DPB1*153, DPB1*154, DPB1*155, DPB1*156,
DPB1*157, DPB1*158, DPB1*159, DPB1*16, DPB1*160, DPB1*161, DPB1*162,
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DPB1*163, DPBI1*164, DPB1*165, DPB1*166,

DPB1*17, DPB1*170, DPB1*171,

DPB1*176,
DPB1*182,
DPB1*189,
DPB1*195,
DPB1*201,
DPB1*208,
DPB1*214,
DPB1*220,
DPB1*227,
DPB1*233,

DPB1*24, DPB1%240, DPB1%*241,

DPB1*246,
DPB1%*252,
DPB1%*259,
DPB1%*265,
DPB1*271,
DPB1*278,
DPB1%*284,
DPB1%*290,
DPB1%*297,
DPB1*303,
DPB1%31,

DPB1*316,
DPB1%322,
DPB1%329,
DPB1%335,
DPB1%*341,
DPB1%348,
DPB1%*354,
DPB1*360,

DPB1*177,
DPB1*183,

DPB1*172,
DPB1*178, DPBI1*179,
DPB1*184, DPBI1*185,

DPB1*19, DPBI1*190, DPB1*191,

DPB1*196,
DPB1*202,
DPB1*209,
DPB1*215,
DPB1*221,
DPB1*228,
DPB1*234,

DPB1%*247,
DPB1#253,
DPB1%26,
DPB1*266,
DPB1#272,
DPB1*279,
DPB1%285,
DPB1#291,
DPB1%*298,
DPB1#304,
DPB1*310,
DPB1%*317,
DPB1%323,
DPB1%33,
DPB1*336,
DPB1#342,
DPB1%349,
DPB1%355,
DPB1#361,

DPB1*197, DPBI1*198,
DPB1*203, DPB1%*204,
DPB1*21, DPB1*210,
DPB1*216, DPBI1*217,
DPB1%*222, DPBI1%*223,
DPB1%*229, DPBI1%23,
DPB1%*235, DPBI1%*236,
DPB1%*242,
DPB1%*248, DPB1%249,
DPB1%*254, DPBI1%*255,
DPB1*260, DPBI1%*261,
DPB1*267, DPBI1*268,
DPB1#*273, DPBI1%*274,
DPB1#*28, DPB1%*280,
DPB1%*286, DPBI1%*287,
DPB1%*292, DPB1%*293,
DPB1%*299, DPB1%*30,
DPB1*305, DPBI1*306,
DPB1*311, DPBI1*312,
DPB1*318, DPBI1*319,
DPB1*324, DPBI1*325,
DPB1*330, DPBI1*331,
DPB1*337, DPBI1%*338,
DPB1*343, DPB1*344,
DPB1#*35, DPB1%*350,
DPB1*356, DPBI1%*357,
DPB1*362, DPB1*363,

DPB1*167,
DPB1*173,
DPB1*18,
DPB1*186,
DPB1*192,
DPB1%199,
DPB1#205,
DPB1*211,
DPB1#218,
DPB1#224,
DPB1*230,
DPB1%237
DPB1%243,
DPB1%25,
DPB1%256
DPB1%262,
DPB1#269,
DPB1#275,
DPB1*281,
DPB1#288,
DPB1#294,
DPB1*300,
DPB1#307,
DPB1*313,
DPB1%32,
DPB1%326,
DPB1*332,
DPB1#339,
DPB1%345,
DPB1*351,
DPB1#358,
DPB1#364,

2
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DPB1*168,
DPB1*174,
DPB1*180,
DPB1*187,
DPB1%193,
DPB1*20,
DPB1*206,
DPB1*212,
DPB1%*219,
DPB1%225,
DPB1%*231,
DPB1%238,
DPB1%*244,
DPB1*250,
DPB1%*257,
DPB1%*263,
DPB1*27,
DPB1*276,
DPB1%*282,
DPB1%*289,
DPB1#295,
DPB1*301,
DPB1*308,
DPB1*314,
DPB1*320,
DPB1#327,
DPB1%333,
DPB1%34,
DPB1*346,
DPB1%352,
DPB1%359,
DPB1%365,

DPB1*169,
DPB1*175,
DPB1*181,
DPB1*188,
DPB1*194,
DPB1*200,
DPB1%*207,
DPB1*213,

DPB1%*22,
DPB1*226,
DPB1%*232,
DPB1%*239,
DPB1%245,
DPB1%*251,
DPB1%*258,
DPB1*264,
DPB1*270,
DPB1*277,
DPB1%283,

DPB1%*29,
DPB1*296,
DPB1*302,
DPB1*309,
DPB1*315,
DPB1*321,
DPB1%328,
DPB1%*334,
DPB1*340,
DPB1%347,
DPB1%353,

DPB1%36,
DPB1*366,
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DPB1*367,

DPB1*386,
DPB1*392,
DPB1*399,
DPB1*405,
DPB1*411,
DPB1*418,
DPB1*425,
DPB1*432,
DPB1*439,
DPB1*445,
DPB1*451,
DPB1*458,
DPB1*464,
DPB1*470,
DPB1*477,
DPB1*483,
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DPB1*368, DPB1*369, DPBI1%37,
DPB1*373, DPBI1*374, DPBI1*375, DPB1%*376,
DPB1*38, DPB1#*380, DPB1*381,
DPB1*387, DPB1*388, DPBI1%*389,
DPB1*393, DPB1*394, DPBI1%395,
DPB1*40, DPB1*400, DPB1*401,

DPB1*406,
DPB1#412,
DPB1#419,
DPB1#426,
DPB1#433,
DPB1*44,

DPB1*446,
DPB1#452,
DPB1*459,
DPB1*465,
DPB1#471,
DPB1*478,
DPB1#484,

DPB1*407,
DPB1*413,
DPB1*420,
DPB1*427,
DPB1*434,
DPB1*440,
DPB1*447,
DPB1%453,
DPB1*46,
DPB1*466,
DPB1*472,
DPB1*479,
DPB1*485,

DPB1*49, DPB1#490, DPB1*491,
DPB1*497, DPB1*498, DPBI1%499,
DPB1*503, DPB1*504, DPBI1*505,

DPB1*496,
DPB1*502,
DPB1*509,
DPB1*515,
DPB1*521,
DPB1*528,
DPB1*534,
DPB1*540,
DPB1*547,
DPB1*553,

DPB1%51,

DPB1*516,
DPB1%522,
DPB1*529,
DPB1%535,
DPB1#541,
DPB1*548,
DPB1%554,

DPB1*510,
DPB1%*517,
DPB1%*523,
DPB1%53,
DPB1*536,
DPB1%*542,
DPB1*549,
DPB1%555,

DPB1*56, DPB1%560, DPB1*561,
DPB1*566, DPB1*567, DPBI1*568, DPB1%*569, DPB1*57,

DPB1*382,

DPB1*408,
DPB1*414,
DPB1*421,
DPB1*428,
DPB1*435,

DPB1*441,

DPB1*448,
DPB1*454,
DPB1*460,

DPB1*467,
DPB1*473,

DPB1%48,
DPB1*486,
DPB1%*492,

DPB1*511,
DPB1*518,
DPB1*524,
DPB1*530,
DPB1%*537,
DPB1*543,
DPB1*55,
DPB1*556,
DPB1*562,

DPB1*370,
DPB1#377,
DPB1*383,
DPB1#39,
DPB1#396,
DPB1*402,
DPB1*409,
DPB1#415,
DPB1#422,
DPB1#429,
DPB1*436,
DPB1*442,
DPB1#449,
DPB1#455,
DPB1*461,
DPB1*468,
DPB1*474,
DPB1*480,
DPB1#487,
DPB1*493,
DPB1%50,
DPB1#506,
DPB1%512,
DPB1#519,
DPB1%525,
DPB1%531,
DPB1#538,
DPB1#544,
DPB1*550,
DPB1%557
DPB1*563,
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DPB1*371,
DPB1*378,
DPB1%*384,
DPB1*390,
DPB1#397,
DPB1*403,

DPB1*41,
DPB1*416,
DPB1*423,
DPB1*430,
DPB1*437,
DPB1*443,

DPB1%45,
DPB1*456,
DPB1*462,

DPB1*469,

DPB1*475,
DPB1*481,
DPB1*488,
DPB1*494,
DPB1*500,
DPB1*507,
DPB1*513,

DPB1*52,
DPB1*526,
DPB1%*532,

DPB1*539,

DPB1%#545,
DPB1*551,
DPB1#558,
DPB1*564,
DPB1*570,

DPB1%*372,
DPB1*379,
DPB1%385,
DPB1%*391,
DPB1%398,
DPB1*404,
DPB1*410,
DPB1*417,
DPB1*424,
DPB1*431,
DPB1*438,
DPB1*444,
DPB1*450,
DPB1*457,
DPB1*463,

DPB1*47,
DPB1*476,
DPB1*482,
DPB1*489,
DPB1*495,
DPB1*501,
DPB1*508,
DPB1*514,
DPB1*520,
DPB1%*527,
DPB1%533,

DPB1*54,
DPB1*546,
DPB1%552,
DPB1%559,
DPB1*565,
DPB1*571,
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DPB1%*572,
DPB1*579,
DPB1*585,
DPB1%*59]1,
DPB1*598,
DPB1*604,
DPB1%610,
DPB1%*617,
DPB1%623,
DPB1%63,

DPB1*636,
DPB1*642,
DPB1*649,
DPB1%655,
DPB1*661,
DPB1*668,
DPB1*674,
DPB1*680,
DPB1*687,
DPB1*693,

DPB1*70, DPB1#700, DPB1*701,

DPB1*706,
DPB1*712,
DPB1*719,
DPB1*725,
DPB1*731,
DPB1*738,
DPB1*744,
DPB1*750,
DPB1*757,
DPB1*763,

DPB1*77, DPB1%*770, DPB1*771,

DPB1#573,
DPB1*58,
DPB1*586,
DPB1%592,
DPB1%*599,
DPB1*605,
DPB1#611,
DPB1*618,
DPB1#624,
DPB1*630,
DPB1%*637,
DPB1#643,
DPB1%65,
DPB1*656,
DPB1#662,
DPB1*669,
DPB1*675,
DPB1#681,
DPB1*688,
DPB1#694,

DPB1*707,
DPB1#713,
DPB1*72,

DPB1*726,
DPB1#732,
DPB1*739,
DPB1%745,
DPB1#751,
DPB1*758,
DPB1#764,
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DPB1*574, DPBI1*575,
DPB1*580, DPBI1*581,
DPB1*587, DPBI1*588,
DPB1*593, DPB1%*594,
DPB1*60, DPB1*600,
DPB1*606, DPBI1*607,
DPB1*612, DPB1*613,
DPB1*619, DPBI1*62,
DPB1*625, DPBI1*626,
DPB1*631, DPBI1*632,
DPB1*638, DPBI1*639,
DPB1*644, DPBI1*645,
DPB1*650, DPBI1*651,
DPB1*657, DPBI1*658,
DPB1*663, DPBI1*664,
DPB1*67, DPB1*670,
DPB1*676, DPBI1*677,
DPB1*682, DPBI1*683,
DPB1*689, DPBI1*69,
DPB1*695, DPBI1*696,
DPB1*702,
DPB1*708, DPBI1*709,
DPB1*714, DPBI1*715,
DPB1*720, DPBI1*721,
DPB1*727, DPBI1%*728,
DPB1*733, DPBI1%*734,
DPB1*74, DPB1*740,
DPB1*746, DPBI1*747,
DPB1*752, DPBI1*753,
DPB1*759, DPBI1*76,
DPB1*765, DPBI1*766,
DPB1*772,

DPB1%576,
DPB1*582,
DPB1#589,
DPB1#595,
DPB1*601,
DPB1#608,
DPB1%614,
DPB1*620,
DPB1#627,
DPB1%633,
DPB1*64,
DPB1#646,
DPB1%652,
DPB1#659,
DPB1#665,
DPB1*671,
DPB1#678,
DPB1#684,
DPB1*690,
DPB1#697,
DPB1*703,
DPB1#71,
DPB1*716,
DPB1%722,
DPB1#729,
DPB1#735,
DPB1*741,
DPB1#748,
DPB1#754,
DPB1*760,
DPB1#767,
DPB1*773,
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DPB1*577,
DPB1%583,

DPB1*59,
DPB1*596,
DPB1*602,

DPB1*609,

DPB1#615,
DPB1*621,
DPB1#628,
DPB1*634,
DPB1*640,
DPB1*647,
DPB1%653,

DPB1%66,
DPB1*666,
DPB1%672,

DPB1*679,

DPB1#685,
DPB1*691,
DPB1#698,
DPB1*704,
DPB1*710,
DPB1*717,
DPB1%*723,

DPB1*73,
DPB1*736,
DPB1%742,

DPB1*749,

DPB1#755,
DPB1*761,
DPB1#768,
DPB1*774,

DPB1*578,
DPB1*584,
DPB1*590,
DPB1%*597,
DPB1*603,

DPB1%61,
DPB1*616,
DPB1%622,
DPB1%629,
DPB1%635,
DPB1*641,
DPB1*648,
DPB1*654,
DPB1*660,
DPB1*667,
DPB1*673,

DPB1%68,
DPB1*686,
DPB1%692,
DPB1*699,
DPB1*705,
DPB1*711,
DPB1*718,
DPB1*724,
DPB1*730,
DPB1*737,
DPB1%743,

DPB1*75,
DPB1*756,
DPB1*762,
DPB1*769,
DPB1*775,
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DPB1*776,
DPB1*782,
DPB1*789,
DPB1*796,
DPB1*802,
DPB1*809,
DPB1*815,
DPB1*821,
DPB1*828,
DPB1*834,
DPB1*840,
DPB1*847,
DPB1*853,
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DPB1*777, DPB1*778, DPBI1*779, DPBI*78,
DPB1*783, DPB1*784, DPBI1*785,
DPB1*79, DPB1*790, DPB1*791,

DPB1*797, DPB1*798, DPBI1*799,
DPB1*803, DPB1*804, DPBI1*805,

DPB1*81,

DPB1*816,
DPB1#822,
DPB1%829,
DPB1%835,
DPB1#841,
DPB1%848,
DPB1#854,

DPB1*810,

DPB1*817,

DPB1%#823,
DPB1%83,

DPB1*836,

DPB1*842,

DPB1*849,

DPB1*855,

DPB1*86, DPB1%860, DPB1*861,
DPB1*867, DPB1*868, DPBI1*869,
DPB1*873, DPB1*874, DPBI1*875,
DPB1*88, DPB1*880, DPB1*881,

DPB1*866,
DPB1%*872,
DPB1*879,
DPB1*885,
DPB1*891,
DPB1%898,
DPB1*904,
DPB1%910,
DPB1%*917,
DPB1%923,
DPB1%93,

DPB1*936,
DPB1%942,
DPB1%949,
DPB1%955,
DPB1%*961,
DPB1%99.

DPB1*886,
DPB1*892,
DPB1*899,
DPB1*905,
DPB1*911,
DPB1*918,
DPB1%*924,
DPB1*930,

DPB1*887,
DPB1*893,

DPB1*90,

DPB1*906,
DPB1%*912,
DPB1%*919,
DPB1%*925,

DPB1*931,

DPB1*811,
DPB1*818,
DPB1*824,
DPB1*830,
DPB1%837,
DPB1*843,
DPB1%85,
DPB1*856,
DPB1*862,

DPB1*888,
DPB1*894,
DPB1*900,

DPB1%*907,
DPB1%913,

DPB1*92,
DPB1*926,
DPB1%932,

DPB1*937, DPB1*938, DPBI1%939,
DPB1*943, DPB1*944, DPBI1%*945,

DPB1#95,

DPB1*950,

DPB1%*951,

DPB1#786,
DPB1%792,
DPB1*80,
DPB1#806,
DPB1*812,
DPB1#819,
DPB1#825,
DPB1*831,
DPB1#838,
DPB1#844,
DPB1*850,
DPB1#857,
DPB1%863,
DPB1*87,
DPB1#876,
DPB1*882,
DPB1#889,
DPB1#895,
DPB1*901,
DPB1#908,
DPB1%914,
DPB1%920,
DPB1%927,
DPB1%933,
DPB1#94,
DPB1#946,
DPB1%952,
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DPB1*780,
DPB1*787,
DPB1%*794,
DPB1*800,
DPB1#807,
DPB1%813,

DPB1%82,
DPB1*826,
DPB1%832,

DPB1*839,

DPB1#845,
DPB1%851,
DPB1#858,
DPB1*864,
DPB1*870,
DPB1#877,
DPB1%883,

DPB1%89,
DPB1*896,
DPB1%*902,

DPB1*909,

DPB1#915,
DPB1%*921,
DPB1%928,
DPB1%*934,
DPB1*940,
DPB1%947,
DPB1*953,

DPB1*956, DPB1*957, DPB1*958, DPB1*959, DPB1*96,
DPB1*962, DPB1*963, DPB1*964, DPB1*965, DPB1*97, DPB1*98, and

DPB1*781,
DPB1*788,
DPB1%795,
DPB1*801,
DPB1*808,
DPB1*814,
DPB1*820,
DPB1%*827,
DPB1%833,

DPB1%84,
DPB1*846,
DPB1%852,
DPB1%859,
DPB1%865,
DPB1*871,
DPB1*878,
DPB1*884,
DPB1*890,
DPB1%897,
DPB1%*903,

DPB1%91,
DPB1*916,
DPB1%922,
DPB1%929,
DPB1%935,
DPB1%*941,
DPB1%*948,
DPB1%954,
DPB1*960,
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. The HLA class II molecule of any one of claims 1 to 17, wherein the DP beta chain

comprises the amino acid sequence set forth in SEQ ID NO: 1.
The HLA class Il molecule of any one of claims 1 to 18, further comprising a DP alpha chain.

The HLA class II molecule of claim 19, wherein the DP alpha chain is selected from
DPA1*01:03:01:01, DPA1*01:03:01:02, DPA1*01:03:01:03, DPA1*01:03:01:04,
DPA1*01:03:01:05, DPA1*01:03:01:06, DPA1*01:03:01:07, DPA1*01:03:01:08,
DPA1*01:03:01:09, DPA1*01:03:01:10, DPA1*01:03:01:11, DPA1*01:03:01:12,
DPA1*01:03:01:13, DPA1*01:03:01:14, DPA1*01:03:01:15, DPA1*01:03:01:16,
DPA1*01:03:01:17, DPA1*01:03:01:18Q, DPA1*01:03:01:19, DPA1*01:03:01:20,
DPA1*01:03:01:21, DPA1*01:03:01:22, DPA1*01:03:01:23, DPA1*01:03:02,
DPA1*01:03:03, DPA1*01:03:04, DPA1*01:03:05, DPA1*01:03:06, DPA1*01:03:07,
DPA1*01:03:08, DPA1*01:03:09, DPA1*01:04, DPA1*01:05, DPA1*01:06:01,
DPA1*01:06:02, DPA1*01:07, DPA1*01:08, DPA1*01:09, DPA1*01:10, DPA1*01:11,
DPA1*01:12, DPA1*01:13, DPA1*01:14, DPA1*01:15, DPA1*01:16, DPA1*01:17,
DPA1*01:18, DPA1*01:19, DPA1*02:01:01:01, DPA1*02:01:01:02, DPA1*02:01:01:03,
DPA1*02:01:01:04, DPA1*02:01:01:05, DPA1*02:01:01:06, DPA1*02:01:01:07,
DPA1*02:01:01:08, DPA1*02:01:01:09, DPA1*02:01:01:10, DPA1*02:01:01:11,
DPA1%*02:01:02:01, DPA1*02:01:02:02, DPA1*02:01:03, DPA1*02:01:04, DPA1*02:01:05,
DPA1*02:01:06, DPA1*02:01:07, DPA1*02:01:08:01, DPA1*02:01:08:02,
DPA1*02:02:02:01, DPA1%*02:02:02:02, DPA1*02:02:02:03, DPA1*02:02:02:04,
DPA1%*02:02:02:05, DPA1*02:02:03, DPA1*02:02:04, DPA1*02:02:05, DPA1%*02:02:06,
DPA1*02:03, DPA1*02:04, DPA1*02:05, DPA1*02:06, DPA1*02:07:01:01,
DPA1%*02:07:01:02, DPA1*02:07:01:03, DPA1*02:08, DPA1*02:09, DPA1*02:10,
DPA1*02:11, DPA1*02:12, DPA1*02:13N, DPA1*02:14, DPA1*02:15, DPA1*02:16,
DPA1*03:01:01:01, DPA1*03:01:01:02, DPA1*03:01:01:03, DPA1*03:01:01:04,
DPA1*03:01:01:05, DPA1*03:01:02, DPA1*03:02, DPA1*03:03, DPA1*03:04,
DPA1*04:01:01:01, DPA1*04:01:01:02, and DPA1*04:01:01:03, DPA1*04:02.

The HLA class II molecule of claim 19 or 20, wherein the DP alpha chain comprises an
amino acid sequence having at least about 80%, at least about 85%, at least about 90%, at
least about 95%, at least about 96%, at least about 97%, at least about 98%, or at least about
99% sequence identity to SEQ ID NO: 6 or 8.
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. The HLA class II molecule of claim 21, wherein the DP alpha chain comprises the amino

acid sequence set forth in SEQ ID NO: 6 or 8.

The HLA class II molecule of any one of claims 1 to 22, which is a DP1, DP2, DP3, DP4,
DP5, DP6, DP8, or DP9 allele.

The HLA class II molecule of any one of claims 1 to 23, wherein the DP beta chain has an
increased affinity for a CD4 protein as compared to a reference HLA class II molecule,
wherein the reference HLA class II molecule comprises a DP beta chain comprising (i) a
leucine at a position corresponding to amino acid residue 112 of SEQ ID NO: 1 and/or (ii) a

valine at a position corresponding to amino acid residue 141 of SEQ ID NO: 1.

The HLA class II molecule of claim 24, wherein the increased affinity is at least about 1.5-
fold, at least about 2-fold, at least about 3-fold, at least about 4-fold, at least about 5-fold, at
least about 6-fold, at least about 7-fold, at least about 8-fold, at least about 9-fold, at least
about 10-fold, at least about 15-fold, at least about 20-fold, at least about 25-fold, at least
about 30-fold, at least about 35-fold, at least about 40-fold, at least about 45-fold, at least
about 50-fold, at least about 75-fold, at least about 100-fold, at least about 200-fold, at least
about 300-fold, at least about 400-fold, at least about 500-fold, or at least about 1000.

The HLA class II molecule of any one of claims 1 to 25, wherein the DP beta chain is bound

to a membrane of a cell.

The HLA class II molecule of any one of claims 1 to 25, wherein the DP beta chain is not

bound to a membrane of a cell.

The HLA class II molecule of any one of claims 1 to 25, wherein the DP beta chain

comprises an extracellular domain of a full length DP alpha chain.

The HLA class II molecule of claim 28, wherein the DP beta chain does not comprise a

transmembrane domain of a full length DP beta chain.

The HLA class II molecule of any one of claims 19 to 29, wherein the DP alpha chain is

bound to a membrane of a cell.
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The HLA class II molecule of any one of claims 19 to 29, wherein the DP alpha chain is not

bound to a membrane of a cell.

The HLA class II molecule of any one of claims 19 to 29, wherein the DP alpha chain

comprises an extracellular domain of a full length DP alpha chain.

The HLA class II molecule of claim 32, wherein the DP alpha chain does not comprise a

transmembrane domain of a full length DP alpha chain.

The HLA class II molecule of any one of claims 27 to 33, wherein the DP beta chain is linked

to or associated with an inert particle.
The HLA class I molecule of claim 34, wherein the inert particle is a bead.
The HLA class I molecule of claim 35, wherein the inert particle is a nanoparticle.

The HLA class II molecule of claim 36, wherein the nanoparticle is selected from a pegylated
iron oxide, chitosan, dextrane, gelatin, alginate, liposome, starch, branched polymer, carbon-
based carrier, polylactic acid, poly(cyano)acrylate, polyethyleinemine, block copolymer, ply

caprolactone, SPIONS, USPIONS, Cd/Zn-selenide, or silica nanoparticle.

The HLA class II molecule of claim 36 or 37, wherein the nanoparticle is a pegylated iron

oxide nanoparticle.

The HLA class II molecule of any one of claims 1 to 38, wherein the DP beta chain

comprises a signal peptide.

The HLA class II molecule of any one of claims 19 to 39, wherein the DP alpha chain

comprises a signal peptide.

The HLA class I molecule of claim 39 or 40, wherein the signal peptide comprises the amino

acid sequence set forth in SEQ ID NO: 9.
A nucleic acid molecule encoding the DP beta chain of any one of claims 1 to 41.

The nucleic acid molecule of claim 42, further encoding the DP alpha chain of any of claims

19 to 41.
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. The nucleic acid molecule of claim 42 or 43, comprising a nucleotide sequence having at

least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about
90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or at
least about 99% sequence identity to SEQ ID NO: 2.

A vector comprising the nucleic acid molecule of any one of claims 42 to 44.

A cell comprising the HLA class II molecule of any one of claims 1 to 41, the nucleic acid

molecule of any one of claims 42 to 44, or the vector of claim 45.
The cell of claim 46, which is a mammalian cell or an insect cell.

The cell of claim 46 or 47, which is selected from a K562 cell, T2, HEK293, HEK293T,
A375, SK-MEL-28, Me275, COS, a fibroblast cell, a tumor cell, or any combination thereof.

The cell of any one of claims 46 to 48, which lacks endogenous MHC class II DP beta chain

expression.

The cell of any one of claims 46 to 49, which lacks endogenous MHC class II DP alpha chain

expression.

A method of identifying a T cell receptor capable of binding an epitope in an MHC class 11
complex, comprising pulsing the cell of any one of claims 46 to 50 with one or more peptide

comprising the epitope, and stimulating one or more CD4" T cell with the APC.

A method of treating a disease or condition in a subject in need thereof, comprising

administering to the subject the MHC class II molecule of any one of claims 1 to 41.

. The method of claim 52, wherein the disease or condition is cancer or an infection.

The method of claim 53, wherein the cancer is selected from the group consisting of
melanoma, bone cancer, pancreatic cancer, skin cancer, cancer of the head or neck, uterine
cancer, ovarian cancer, rectal cancer, stomach cancer, uterine cancer, lung cancer, Hodgkin's
Disease, non-Hodgkin's lymphoma (NHL), cancer of the esophagus, cancer of the small
intestine, cancer of the urethra, chronic or acute leukemia, acute myeloid leukemia, chronic

myeloid leukemia, acute lymphoblastic leukemia (ALL) (including non T cell ALL), chronic
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lymphocytic leukemia (CLL), cancer of the bladder, cancer of the kidney or ureter, carcinoma

of the renal pelvis, glioma, squamous cell cancer, and combinations of said cancers.
The method of claim 53 or 54, wherein the cancer is relapsed or refractory.

The method of any one of claims 53 to 55, wherein the cancer is locally advanced.
The method of any one of claims 53 to 56, wherein the cancer is advanced.

The method of any one of claims 53 to 57, wherein the cancer is metastatic.

The HLA class II molecule of any one of claims 1 to 41, which binds CD4 with a Kp of less
than about 10 uM.

The HLA class II molecule of any one of claims 1 to 1, which binds CD4 with a Kp of about
8.9 uM or less.

A complex comprising the HLA class II molecule of any one of claims 1 to 41, 59, and 60
and a peptide, wherein the peptide comprises an amino acid sequence selected from the group

consisting of SEQ ID NOs: 32-237.
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SEQUENCE LISTING
<110> University Health Network
<120> MHC CLASS II MOLECULES AND METHODS OF USE THEREOF
<130> 4285.010PC02/C-K/BMD

<150> US 62/880,496
<151> 2019-07-30

<150> US 63/029,111
<151> 2020-05-22

<1606> 284

<170> PatentIn version 3.5
210> 1

<211> 196

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 1
Arg Ala Thr Pro Glu Asn Tyr Leu Phe Gln Gly Arg Gln Glu Cys Tyr
1 5 10 15

Ala Phe Asn Gly Thr Gln Arg Phe Leu Glu Arg Tyr Ile Tyr Asn Arg

Glu Glu Phe Ala Arg Phe Asp Ser Asp Val Gly Glu Phe Arg Ala Val
35 40 45

Thr Glu Leu Gly Arg Pro Ala Ala Glu Tyr Trp Asn Ser Gln Lys Asp
50 55 60

Ile Leu Glu Glu Lys Arg Ala Val Pro Asp Arg Met Cys Arg His Asn
65 70 75 80

Tyr Glu Leu Gly Gly Pro Met Thr Leu Gln Arg Arg Val Gln Pro Arg
85 90 95

Val Asn Val Ser Pro Ser Lys Lys Gly Pro Leu Gln His His Asn Leu
100 105 110

Leu Val Cys His Val Thr Asp Phe Tyr Pro Gly Ser Ile Gln Val Arg
115 120 125

Trp Phe Leu Asn Gly Gln Glu Glu Thr Ala Gly Val Val Ser Thr Asn
130 135 140

Leu Ile Arg Asn Gly Asp Trp Thr Phe Gln Ile Leu Val Met Leu Glu
145 150 155 160



Met Thr Pro Gln Gln Gly Asp Val Tyr Thr Cys Gln Val Glu His Thr

165

170

175

Ser Leu Asp Ser Pro Val Thr Val Glu Trp Lys Ala Gln Ser Asp Ser

180

Ala Arg Ser Lys

<210>
<211>
<212>
<213>

<220>
<223>

<400>

2
5
P

195

88
RT

Artificial Sequence

synthetic construct

2

Ala Gly Gly

1

Ala Thr

Ala Cys

Gly Cys
50

Ala Gly
65

Ala Thr

Gly Ala

Thr Cys

Gly Gly

130

Ala Cys
145

Cys Thr

Gly Ala

Thr

Gly

35

Gly

Cys

Ala

Gly

Gly

115

Ala

Gly

Gly

Ala

Gly

Ala

20

Gly

Thr

Gly

Cys

Gly

100

Ala

Gly

Gly

Cys

Cys
180

Cys

Cys

Cys

Thr

Cys

Ala

85

Ala

Cys

Thr

Ala

Thr

165

Ala

Cys

Cys

Ala

Thr

Thr

70

Thr

Gly

Ala

Thr

Gly

150

Gly

Gly

Ala

Thr

Gly

Ala

55

Thr

Cys

Thr

Gly

Cys

135

Cys

Cys

Cys

Cys

Thr

Gly

40

Ala

Cys

Thr

Thr

Cys

120

Cys

Thr

Gly

Cys

185

Thr

Thr

25

Ala

Thr

Cys

Ala

Cys

105

Gly

Gly

Gly

Gly

Ala
185

Cys

10

Thr

Ala

Gly

Thr

Cys

920

Gly

Ala

Gly

Gly

Ala

170

Gly

Cys

Cys

Thr

Gly

Gly

75

Ala

Cys

Cys

Gly

Gly

155

Gly

Ala

Ala

Cys

Gly

Gly

Gly

Ala

Gly

Gly

Cys

140

Gly

Thr

Ala

Gly

Ala

Cys

45

Ala

Ala

Cys

Cys

Thr

125

Gly

Cys

Ala

Gly

190

Ala

Gly

Thr

Cys

Gly

Cys

Gly

110

Gly

Gly

Gly

Cys

Gly
190

Gly

15

Gly

Ala

Ala

Ala

Gly

95

Cys

Gly

Thr

Gly

Thr

175

Ala

Ala

Gly

Cys

Cys

Gly

80

Gly

Thr

Gly

Gly

Cys

160

Gly

Cys



Ala

Gly

Gly

225

Thr

Cys

Cys

Gly

Cys

305

Gly

Cys

Cys

Cys

Thr

385

Ala

Gly

Cys

Ala

Thr

Gly

210

Ala

Ala

Cys

Cys

Thr

290

Cys

Cys

Thr

Gly

Ala

370

Gly

Gly

Gly

Thr

Cys
450

Cys

195

Gly

Thr

Cys

Ala

Gly

275

Gly

Ala

Ala

Thr

Gly

355

Gly

Gly

Gly

Thr

Gly

435

Thr

Cys

Cys

Gly

Gly

Thr

260

Ala

Ala

Ala

Gly

Gly

340

Ala

Cys

Thr

Ala

Cys

420

Ala

Gly

Thr

Ala

Thr

Ala

245

Gly

Gly

Ala

Gly

Cys

325

Thr

Thr

Ala

Thr

Gly

405

Gly

Thr

Gly

Gly

Gly

Gly

230

Gly

Ala

Thr

Thr

Ala

310

Ala

Cys

Thr

Thr

Cys

390

Gly

Thr

Cys

Ala

Gly

Thr

215

Cys

Cys

Cys

Cys

Gly

295

Ala

Cys

Thr

Thr

Thr

375

Cys

Ala

Gly

Cys

Cys
455

Ala

200

Gly

Ala

Thr

Cys

Cys

280

Thr

Gly

Cys

Gly

Cys

360

Cys

Thr

Ala

Thr

Gly

440

Cys

Gly

Cys

Gly

Gly

Cys

265

Ala

Thr

Gly

Ala

Cys

345

Thr

Ala

Gly

Ala

Cys

425

Thr

Thr

Gly

Cys

Ala

Gly

250

Thr

Gly

Thr

Gly

Cys

330

Cys

Ala

Ala

Ala

Cys

410

Cys

Ala

Thr

Ala

Gly

Cys

235

Gly

Gly

Cys

Cys

Gly

315

Ala

Ala

Cys

Gly

Ala

395

Ala

Ala

Ala

Cys

Gly

Gly

220

Ala

Cys

Cys

Cys

Cys

300

Cys

Ala

Cys

Cys

Thr

380

Thr

Gly

Cys

Thr

Cys
460

Ala

205

Ala

Cys

Gly

Ala

Thr

285

Cys

Cys

Cys

Gly

Cys

365

Cys

Gly

Cys

Cys

Gly

445

Ala

Ala

Cys

Ala

Gly

Gly

270

Ala

Cys

Cys

Cys

Thr

350

Ala

Cys

Gly

Thr

Ala

430

Gly

Gly

Gly

Ala

Ala

Gly

255

Cys

Gly

Cys

Thr

Thr

335

Gly

Gly

Gly

Ala

Gly

415

Ala

Ala

Ala

Cys

Gly

Cys

240

Cys

Gly

Gly

Thr

Thr

320

Gly

Ala

Gly

Ala

Cys

400

Gly

Cys

Gly

Thr



Cys Cys
465

Ala Thr

Gly Ala

Cys Cys

Ala Gly
530

Thr Cys
545

Gly Gly

Gly Cys

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Thr

Gly

Gly

Ala

515

Cys

Ala

Cys

Cys

3
196
PRT

Gly

Ala

Ala

500

Ala

Cys

Cys

Ala

Cys
580

Gly

Cys

485

Thr

Gly

Thr

Cys

Cys

565

Gly

Thr

470

Cys

Gly

Thr

Gly

Gly

550

Ala

Gly

Gly

Cys

Thr

Gly

Gly

535

Thr

Gly

Ala

Artificial Sequence

synthetic construct

3

Arg Ala Thr Pro

1

Ala Phe

Glu Glu

Thr Glu
50

Ile Leu
65

Tyr Glu

Val Asn

Asn

Phe

35

Leu

Glu

Leu

Val

Gly

20

Ala

Gly

Glu

Gly

Ser
100

Glu

Thr

Arg

Arg

Lys

Gly

85

Pro

Asn

Gln

Phe

Pro

Arg

70

Pro

Ser

Tyr

Arg

Asp

Ala

55

Ala

Met

Lys

Ala

Cys

Cys

Gly

520

Ala

Gly

Thr

Gly

Leu

Phe

Ser

40

Ala

Val

Thr

Lys

Thr

Cys

Thr

505

Ala

Thr

Gly

Cys

Thr
585

Phe

Leu

25

Asp

Glu

Pro

Leu

Gly
105

Gly

Cys

490

Ala

Gly

Ala

Ala

Thr

570

Ala

Gln

10

Glu

Val

Tyr

Asp

Gln

90

Pro

Cys

475

Ala

Cys

Cys

Gly

Gly

555

Gly

Ala

Gly

Arg

Gly

Trp

Arg

75

Arg

Leu

Thr

Gly

Ala

Ala

Thr

540

Thr

Ala

Gly

Arg

Tyr

Glu

Asn

60

Met

Arg

Gln

Gly

Cys

Cys

Cys

525

Cys

Gly

Thr

Gln

Ile

Phe

45

Ser

Cys

Val

His

Gly

Ala

Cys

510

Ala

Cys

Gly

Thr

Glu

Tyr

30

Arg

Gln

Arg

Gln

His
110

Ala

Gly

495

Thr

Cys

Thr

Ala

Cys
575

Cys

15

Asn

Ala

Lys

His

Pro

95

Asn

Ala

480

Gly

Gly

Cys

Gly

Ala

560

Thr

Tyr

Arg

Val

Asp

Asn

80

Arg

Trp



Leu

Trp

Leu

145

Met

Ser

Ala

Val

Phe

130

Ile

Thr

Leu

Arg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Cys
115

Leu

Arg

Pro

Asp

Ser

195

4
265
PRT

His

Asn

Asn

Gln

Ser

180

Lys

Val

Gly

Gly

Gln

165

Pro

Thr

Gln

Asp

150

Gly

Val

Asp

Glu

135

Trp

Asp

Thr

Artificial Sequence

synthetic construct

4

Met Met Arg Pro

1

Ala

Tyr

Arg

Val

65

Asp

Asn

Arg

Trp

Arg

Ala

Glu

50

Thr

Ile

Tyr

Val

Leu
130

Ala

Phe

35

Glu

Glu

Leu

Glu

Asn

115

Val

Thr

20

Asn

Phe

Leu

Glu

Leu

100

Val

Cys

Ile

Pro

Gly

Ala

Gly

Glu

85

Gly

Ser

His

Val

Glu

Thr

Arg

Arg

70

Lys

Gly

Pro

Val

Leu

Asn

Gln

Phe

55

Pro

Arg

Pro

Ser

Thr
135

Phe

120

Glu

Thr

Val

Val

Val

Tyr

Arg

40

Asp

Ala

Ala

Met

Lys

120

Asp

Tyr

Thr

Phe

Tyr

Glu
185

Leu

Leu

25

Phe

Ser

Ala

Val

Thr

105

Lys

Phe

Pro

Ala

Gln

Thr

170

Trp

Leu

10

Phe

Leu

Asp

Glu

Pro

90

Leu

Gly

Tyr

Gly

Gly

Ile

155

Cys

Lys

Phe

Gln

Glu

Val

Tyr

75

Asp

Gln

Pro

Pro

Ser

Val

140

Leu

Gln

Ala

Ala

Gly

Arg

Gly

Trp

Arg

Arg

Leu

Gly
140

Ile

125

Met

Val

Val

Gln

Thr

Arg

Tyr

45

Glu

Asn

Met

Arg

Gln

125

Ser

Gln

Ser

Met

Glu

Ser
190

Ser

Gln

30

Ile

Phe

Ser

Cys

Val

110

His

Ile

Val

Thr

Leu

His

175

Asp

Ala

15

Glu

Tyr

Arg

Gln

Arg

Gln

His

Gln

Arg

Asn

Glu

160

Thr

Ser

Leu

Cys

Asn

Ala

Lys

80

His

Pro

Asn

Val



Arg

145

Asn

Glu

Thr

Ser

Phe

225

Arg

Arg

Trp

Leu

Met

Ser

Ala

210

Leu

Gln

Tyr

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Phe

Ile

Thr

Leu

195

Arg

Glu

Arg

Gly

5
258
PRT

Leu

Arg

Pro

180

Asp

Ser

Arg

Val

Pro
260

Asn

Asn

165

Gln

Ser

Lys

Glu

Gln

245

Leu

Gly

150

Gly

Gln

Pro

Gly

Asn

230

Arg

Gly

Gln

Asp

Gly

Val

Gly

215

Thr

Leu

Gly

Artificial Sequence

synthetic construct

5

Met Met Val Leu

1

Ala

Pro

Gly

Ala

65

Gly

Glu

Leu

Glu

Thr

50

Arg

Arg

Lys

Leu

Asn

35

Gln

Phe

Pro

Arg

Met

20

Tyr

Arg

Asp

Ala

Ala

Gln

Val

Leu

Phe

Ser

Ala

85

Val

Val

Leu

Phe

Leu

Asp

70

Glu

Pro

Ser

Leu

Gln

Glu

55

Val

Tyr

Asp

Glu

Trp

Asp

Thr

200

Gly

Ala

Arg

Gly

Ala

Thr

Gly

40

Arg

Gly

Trp

Arg

Glu

Thr

Val

185

Val

Gly

Leu

Asn

Lys
265

Ala

Ser

25

Arg

Tyr

Glu

Asn

Met

Thr

Phe

170

Tyr

Glu

Ser

Glu

Arg
250

Pro

10

Val

Gln

Ile

Phe

Ser

90

Cys

Ala

155

Gln

Thr

Trp

Leu

Thr

235

Val

Arg

Val

Glu

Tyr

Arg

75

Gln

Arg

Gly

Ile

Cys

Lys

Glu

220

Arg

Ser

Thr

Gln

Cys

Asn

60

Ala

Lys

His

Val

Leu

Gln

Ala

205

Ile

Val

Gln

Val

Gly

Tyr

45

Arg

Val

Asp

Asn

Met

Val

Val

190

Gln

Glu

Ala

Tyr

Ala

Arg

30

Ala

Glu

Thr

Ile

Tyr

Ser

Met

175

Glu

Ser

Ala

Glu

Arg
255

Leu

15

Ala

Phe

Glu

Glu

Leu

95

Glu

Thr

160

Leu

His

Asp

Ala

Leu

240

Thr

Thr

Thr

Asn

Phe

Leu

80

Glu

Leu



Gly

Ser

His

145

Asn

Asn

Gln

Ser

Lys

225

Gly

Ser

Gly

Pro

130

Val

Gly

Gly

Gln

Pro

210

Thr

Val

Ala

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Pro

115

Ser

Thr

Gln

Asp

Gly

195

Val

Leu

Gly

6
192
PRT

100

Met

Lys

Asp

Glu

Trp

180

Asp

Thr

Thr

Ile

Thr

Lys

Phe

Glu

165

Thr

Val

Val

Gly

Phe
245

Leu

Gly

Tyr

150

Thr

Phe

Tyr

Glu

Ala

230

Met

Gln

Pro

135

Pro

Ala

Gln

Thr

Trp

215

Gly

His

Artificial Sequence

synthetic construct

6

Arg

120

Leu

Gly

Gly

Ile

Cys

200

Lys

Gly

Arg

Ile Lys Ala Asp His Val Ser Thr

1

5

Arg Pro Thr Gly Glu Phe Met Phe

20

Tyr Val Asp Leu Asp Lys Lys Glu

35

40

Gly Gln Ala Phe Ser Phe Glu Ala

50

55

105

Arg

Gln

Ser

Val

Leu

185

Gln

Ala

Phe

Arg

Tyr

Glu

25

Thr

Gln

Val

His

Ile

Val

170

Val

Val

Gln

Val

Ser
250

Ala

10

Phe

Val

Gly

Gln Pro

His Asn
140

Gln Vval

155

Ser Thr

Met Leu

Glu His

Ser Asp

220

Leu Gly
235

Lys Lys

Ala Phe

Asp Glu

Trp His

Gly Leu
60

Arg

125

Leu

Arg

Asn

Glu

Thr

205

Ser

Leu

Val

Val

Asp

Leu

45

Ala

110

Val

Leu

Trp

Leu

Met

190

Ser

Ala

Ile

Gln

Gln

Glu

30

Glu

Asn

Asn

Val

Phe

Ile

175

Thr

Leu

Arg

Ile

Arg
255

Thr

15

Met

Glu

Ile

Val

Cys

Leu

160

Arg

Pro

Asp

Ser

Cys

240

Gly

His

Phe

Phe

Ala



Ile

65

Gln

Val

Phe

Thr

Phe

145

Tyr

His

Leu

Ala

Glu

Pro

Glu

130

His

Asp

Trp

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Ala

Thr

Cys

Ala

Thr

65

Cys

Thr

7
5
p

Asn

Thr

Leu

Pro

115

Gly

Lys

Cys

Glu

76
RT

Asn

Asn

Gly

100

Val

Val

Phe

Arg

Ala
180

Asn

Asp

Gln

Leu

Ala

His

Val

165

Gln

Leu

70

Pro

Pro

Asn

Glu

Tyr

150

Glu

Glu

Asn

Pro

Asn

Val

Ser

135

Leu

His

Pro

Artificial Sequence

synthetic construct

7

Thr Cys

Gly

Thr

Gly

50

Cys

Gly

Ala

Thr

Thr

35

Ala

Ala

Ala

Cys

Ala

Cys

20

Cys

Cys

Thr

Gly

Gly
100

Ala

Cys

Gly

Cys

Gly

Gly

85

Thr

Gly

Ala

Thr

Cys

Thr

70

Ala

Gly

Gly

Cys

Gly

Ala

55

Thr

Cys

Gly

Thr

Glu

Thr

Thr

120

Leu

Thr

Trp

Ile

Cys

Ala

Cys

40

Cys

Cys

Gly

Ala

Leu

Val

Leu

105

Trp

Phe

Phe

Gly

Gln
185

Cys

Thr

25

Ala

Cys

Gly

Ala

Cys
105

Ile

Thr

90

Ile

Leu

Leu

Val

Leu

170

Met

Gly

10

Ala

Gly

Gly

Ala

Gly

90

Cys

Gln

75

Val

Cys

Cys

Pro

Pro

155

Asp

Pro

Ala

Cys

Ala

Gly

Gly

75

Ala

Thr

Arg

Phe

His

Asn

Arg

140

Ser

Gln

Glu

Cys

Gly

Cys

Cys

60

Thr

Thr

Gly

Ser

Pro

Ile

Gly

125

Thr

Ala

Pro

Thr

Cys

Cys

Cys

45

Gly

Thr

Gly

Gly

Asn

Lys

Asp

110

Glu

Asp

Glu

Leu

Thr
190

Ala

Cys

30

Cys

Ala

Cys

Thr

Ala
110

His

Glu

95

Lys

Leu

Tyr

Asp

Leu

175

Glu

Cys

15

Gly

Ala

Gly

Gly

Thr

95

Cys

Thr

80

Pro

Phe

Val

Ser

Phe

160

Lys

Thr

Gly

Cys

Cys

Thr

Ala

80

Cys

Ala



Ala

Gly

Gly

145

Thr

Ala

Ala

Thr

Gly

225

Cys

Cys

Gly

Gly

Cys

305

Cys

Thr

Ala

Cys

Gly

Cys

130

Gly

Thr

Cys

Thr

Gly

210

Cys

Ala

Cys

Thr

Thr

290

Cys

Cys

Thr

Cys

Ala
370

Ala

115

Ala

Cys

Gly

Thr

Cys

195

Ala

Gly

Gly

Cys

Thr

275

Gly

Ala

Ala

Cys

Gly

355

Ala

Ala

Cys

Cys

Ala

Gly

180

Cys

Ala

Gly

Gly

Cys

260

Cys

Gly

Ala

Cys

Cys

340

Thr

Thr

Ala

Cys

Ala

Gly

165

Gly

Thr

Cys

Ala

Cys

245

Cys

Cys

Ala

Thr

Ala

325

Cys

Gly

Gly

Gly

Thr

Gly

150

Gly

Cys

Gly

Ala

Gly

230

Cys

Gly

Cys

Ala

Ala

310

Thr

Cys

Ala

Gly

Ala

Gly

135

Gly

Cys

Cys

Ala

Cys

215

Cys

Ala

Ala

Cys

Cys

295

Cys

Cys

Cys

Cys

Cys
375

Ala

120

Gly

Cys

Cys

Ala

Ala

200

Cys

Ala

Cys

Ala

Ala

280

Thr

Cys

Gly

Cys

Cys

360

Gly

Ala

Ala

Cys

Cys

Ala

185

Cys

Cys

Ala

Cys

Gly

265

Ala

Gly

Cys

Ala

Cys

345

Thr

Ala

Cys

Ala

Thr

Ala

170

Thr

Ala

Thr

Cys

Ala

250

Thr

Ala

Gly

Thr

Cys

330

Gly

Gly

Cys

Gly

Thr

155

Gly

Ala

Ala

Gly

Cys

235

Ala

Gly

Gly

Gly

Gly

315

Ala

Thr

Gly

Cys

Gly

Ala

140

Cys

Gly

Thr

Cys

Ala

220

Ala

Cys

Ala

Ala

Cys

300

Ala

Ala

Gly

Cys

Thr
380

Thr

125

Gly

Ala

Gly

Cys

Ala

205

Thr

Cys

Gly

Cys

Ala

285

Cys

Thr

Gly

Cys

Thr

365

Cys

Gly

Thr

Gly

Cys

Gly

190

Ala

Cys

Ala

Ala

Cys

270

Cys

Ala

Cys

Thr

Thr

350

Gly

Gly

Thr

Thr

Cys

Gly

175

Cys

Cys

Cys

Cys

Thr

255

Gly

Cys

Gly

Thr

Thr

335

Gly

Thr

Thr

Gly

Cys

Thr

160

Gly

Cys

Cys

Ala

Cys

240

Cys

Thr

Cys

Cys

Gly

320

Cys

Ala

Gly

Gly



Ala

385

Ala

Cys

Thr

Ala

Cys

465

Thr

Ala

Cys

Cys

Ala

545

Cys

Cys

Gly

Ala

Thr

Cys

450

Ala

Ala

Ala

Cys

Ala

530

Ala

Gly

<210>
<211>
<212>
<213>

<220>
<223>

<400>

8
2
p

Ala

Thr

Gly

Cys

435

Cys

Gly

Cys

Cys

Ala

515

Thr

Cys

Ala

69
RT

Gly

Cys

Ala

420

Cys

Thr

Cys

Gly

Ala

500

Gly

Thr

Cys

Gly

Ala

Thr

405

Ala

Ala

Gly

Gly

Ala

485

Cys

Cys

Gly

Cys

Ala
565

Gly

390

Cys

Cys

Cys

Ala

Cys

470

Cys

Thr

Cys

Gly

Ala

550

Cys

Gly

Thr

Cys

Ala

Cys

455

Cys

Thr

Gly

Cys

Gly

535

Thr

Ala

Artificial Sequence

synthetic construct

8

Met Met Arg Pro Ile Val Leu

1

5

Ala Ile Lys Ala Asp His Val

20

His Arg Pro Thr Gly Glu Phe

35

Gly

Gly

Gly

Ala

440

Cys

Gly

Gly

Gly

Cys

520

Ala

Cys

Ala

Val

Ser

Met
40

Cys Gly

Thr Thr
410

Ala Cys
425

Gly Thr

Thr Thr

Ala Gly

Cys Ala

490

Gly Gly

505

Thr Gly

Ala Gly

Cys Ala

Cys Cys
570

Thr

395

Cys

Thr

Thr

Cys

Gly

475

Gly

Cys

Cys

Cys

Gly

555

Gly

Gly

Cys

Ala

Cys

Gly

460

Ala

Ala

Cys

Thr

Cys

540

Ala

Ala

Leu Leu Phe Ala

10

Thr Tyr Ala Ala

25

Phe Glu Phe Asp

Gly

Thr

Cys

Cys

445

Thr

Cys

Gly

Thr

Gly

525

Cys

Thr

Gly

Thr

Phe

Cys

Gly

Ala

430

Ala

Gly

Thr

Thr

Gly

510

Ala

Ala

Gly

Ala

Ser

Cys

Cys

415

Gly

Cys

Cys

Thr

Gly

495

Gly

Ala

Gly

Cys

Cys
575

Ala
15

Gly

400

Cys

Cys

Thr

Cys

Cys

480

Gly

Ala

Ala

Gly

Cys

560

Ala

Leu

Val Gln Thr

30

Glu Asp Glu Met

45



Phe

Phe

65

Ala

Thr

Pro

Phe

Val

145

Ser

Phe

Lys

Thr

Arg

225

Gln

Leu

Tyr

Gly

Ile

Gln

Val

Phe

130

Thr

Phe

Tyr

His

Gly

210

Asn

Arg

Gly

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Val

Gln

Leu

Ala

Glu

115

Pro

Glu

His

Asp

Trp

195

Gly

Thr

Leu

Gly

9
17
PRT

Asp

Ala

Asn

Thr

100

Leu

Pro

Gly

Lys

Cys

180

Glu

Gly

Ala

Glu

Gly
260

Leu

Phe

Asn

85

Asn

Gly

Val

Val

Phe

165

Arg

Ala

Gly

Leu

Asn

245

Lys

Asp

Ser

70

Asn

Asp

Gln

Leu

Ala

150

His

Val

Gln

Ser

Arg

230

Glu

Gly

Lys

Phe

Leu

Pro

Pro

Asn

135

Glu

Tyr

Glu

Glu

Leu

215

Thr

Val

Ser

Artificial Sequence

synthetic construct

9

Lys

Glu

Asn

Pro

Asn

120

Val

Ser

Leu

His

Pro

200

Glu

Glu

Ser

His

Glu

Ala

Thr

Glu

105

Thr

Thr

Leu

Thr

Trp

185

Ile

Ile

Val

Gln

His
265

Thr

Gln

Leu

90

Val

Leu

Trp

Phe

Phe

170

Gly

Gln

Arg

Ala

Tyr

250

His

Val

Gly

75

Ile

Thr

Ile

Leu

Leu

155

Val

Leu

Met

Ala

Glu

235

Glu

His

Trp

60

Gly

Gln

Val

Cys

Cys

140

Pro

Pro

Asp

Pro

Ala

220

Leu

Thr

His

His

Leu

Arg

Phe

His

125

Asn

Arg

Ser

Gln

Glu

205

Phe

Glu

Arg

His

Leu

Ala

Ser

Pro

110

Ile

Gly

Thr

Ala

Pro

190

Thr

Leu

Gln

Tyr

Glu

Asn

Asn

95

Lys

Asp

Glu

Asp

Glu

175

Leu

Thr

Arg

Glu

Gly
255

Glu

Ile

80

His

Glu

Lys

Leu

Tyr

160

Asp

Leu

Glu

Gln

Val

240

Pro

Met Met Arg Pro Ile Val Leu Val Leu Leu Phe Ala Thr Ser Ala Leu

1

5

10

15



Ala

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Met

1

Ala

Lys

Ile

Gln

65

Asp

Lys

Asp

Ser

Ser

145

Lys

Gln

Val

Ser

Asn

Leu

Gly

Gln

50

Gly

Ser

Asn

Gln

Asp

130

Pro

Asn

Asp

Glu

Ile

10
458
PRT

Artificial Sequence

synthetic construct

10

Arg Gly

Leu Pro
20

Asp Thr
35

Phe His

Ser Phe

Arg Arg

Leu Lys
100

Lys Glu
115

Thr His

Pro Gly

Ile Gln

Ser Gly
180

Phe Lys
195

Val Tyr

Val

Ala

Val

Trp

Leu

Ser

85

Ile

Glu

Leu

Ser

Gly

165

Thr

Ile

Lys

Pro

Ala

Glu

Lys

Thr

70

Leu

Glu

Val

Leu

Ser

150

Gly

Trp

Asp

Lys

Phe

Thr

Leu

Asn

55

Lys

Trp

Asp

Gln

Gln

135

Pro

Lys

Thr

Ile

Glu

Arg

Gln

Thr

40

Ser

Gly

Asp

Ser

Leu

120

Gly

Ser

Thr

Cys

Val

200

Gly

His

Gly

Cys

Asn

Pro

Gln

Asp

105

Leu

Gln

Val

Leu

Thr

185

Val

Glu

Leu

10

Lys

Thr

Gln

Ser

Gly

Thr

Val

Ser

Gln

Ser

170

Val

Leu

Gln

Leu

Lys

Ala

Ile

Lys

75

Asn

Tyr

Phe

Leu

Cys

155

Val

Leu

Ala

Val

Leu

Val

Ser

Lys

Leu

Phe

Ile

Gly

Thr

140

Arg

Ser

Gln

Phe

Glu

Val

Val

Gln

45

Ile

Asn

Pro

Cys

Leu

125

Leu

Ser

Gln

Asn

Gln

205

Phe

Leu

Leu

30

Lys

Leu

Asp

Leu

Glu

110

Thr

Thr

Pro

Leu

Gln

190

Lys

Ser

Gln

15

Gly

Lys

Gly

Arg

Ile

95

Val

Ala

Leu

Arg

Glu

175

Lys

Ala

Phe

Leu

Lys

Ser

Asn

Ala

80

Ile

Glu

Asn

Glu

Gly

160

Leu

Lys

Ser

Pro



Leu

225

Gln

Lys

Gln

Pro

Thr

305

Gln

Lys

Lys

Gln

Lys

385

Val

Phe

Ser

His

210

Ala

Ala

Asn

Met

Gln

290

Gly

Leu

Leu

Arg

Cys

370

Val

Leu

Phe

Gln

Arg
450

<210>

<400>

000

<210>

Phe

Glu

Lys

Gly

275

Tyr

Lys

Gln

Met

Glu

355

Leu

Leu

Gly

Cys

Ile

435

Phe

11

11

12

Thr

Arg

Glu

260

Lys

Ala

Leu

Lys

Leu

340

Lys

Leu

Pro

Gly

Val

420

Lys

Gln

Val

Ala

245

Val

Lys

Gly

His

Asn

325

Ser

Ala

Ser

Thr

Val

405

Arg

Arg

Lys

Glu

230

Ser

Ser

Leu

Ser

Gln

310

Leu

Leu

Val

Asp

Trp

390

Ala

Cys

Leu

Thr

215

Lys

Ser

Val

Pro

Gly

295

Glu

Thr

Lys

Trp

Ser

375

Ser

Gly

Arg

Leu

Cys
455

Leu

Ser

Lys

Leu

280

Asn

Val

Cys

Leu

Val

360

Gly

Thr

Leu

His

Ser

440

Ser

Thr

Lys

Arg

265

His

Leu

Asn

Glu

Glu

345

Leu

Gln

Pro

Leu

Arg

425

Glu

Pro

Gly

Ser

250

Val

Leu

Thr

Leu

Val

330

Asn

Asn

Val

Val

Leu

410

Arg

Lys

Ile

Ser

235

Trp

Thr

Thr

Leu

Val

315

Trp

Lys

Pro

Leu

Gln

395

Phe

Arg

Lys

220

Gly

Ile

Gln

Leu

Ala

300

Val

Gly

Glu

Glu

Leu

380

Pro

Ile

Gln

Thr

Glu

Thr

Asp

Pro

285

Leu

Met

Pro

Ala

Ala

365

Glu

Met

Gly

Ala

Cys
445

Leu

Phe

Pro

270

Gln

Glu

Arg

Thr

Lys

350

Gly

Ser

Ala

Leu

Glu

430

Gln

Trp

Asp

255

Lys

Ala

Ala

Ala

Ser

335

Val

Met

Asn

Leu

Gly

415

Arg

Cys

Trp

240

Leu

Leu

Leu

Lys

Thr

320

Pro

Ser

Trp

Ile

Ile

400

Ile

Met

Pro



<211> 27
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 12

Cys Ala Cys Cys Ala Cys Ala Ala Cys Asn Asn Asn Cys Thr Thr Asn
1 5 10 15

Asn Asn Thr Gly Cys Cys Ala Cys Gly Thr Gly
20 25

<210> 13

<211> 27

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 13

Cys Ala Cys Gly Thr Gly Gly Cys Ala Asn Asn Asn Ala Ala Gly Asn
1 5 10 15

Asn Asn Gly Thr Thr Gly Thr Gly Gly Thr Gly
20 25

<210> 14

<211> 27

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 14

Ala Cys Ala Gly Cys Thr Gly Gly Gly Gly Thr Cys Asn Asn Asn Thr
1 5 10 15

Cys Cys Ala Cys Cys Ala Ala Cys Cys Thr Gly
20 25

<210> 15

<211> 27

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 15
Cys Ala Gly Gly Thr Thr Gly Gly Thr Gly Gly Ala Asn Asn Asn Gly
1 5 10 15

Ala Cys Cys Cys Cys Ala Gly Cys Thr Gly Thr
20 25



<210> 16

<211> 27

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 16

Cys Ala Gly Ala Thr Cys Asn Asn Asn Gly Thr Gly Asn Asn Asn Cys
1 5 10 15

Thr Gly Gly Ala Ala Ala Thr Gly Ala Cys Cys
20 25

<210> 17

<211> 27

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 17

Gly Gly Thr Cys Ala Thr Thr Thr Cys Cys Ala Gly Asn Asn Asn Cys
1 5 10 15

Ala Cys Asn Asn Asn Gly Ala Thr Cys Thr Gly
20 25

<210> 18

<211> 14

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 18

Cys Ala Val Cys Thr Leu Tyr Asn Phe Asn Lys Phe Tyr Phe
1 5 10

<210> 19

<211> 17

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 19
Cys Ala Val Ala Pro Tyr Asp Arg Gly Ser Thr Leu Gly Arg Leu Tyr
1 5 10 15

Phe



<210> 20

<211> 13

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 20

Cys Ala Gly Val Lys Asp Ser Asn Tyr Gln Leu Ile Trp
1 5 10

<210> 21

<211> 17

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 21

Cys Ala Leu Ser Asp Leu Ser Tyr Gly Gly Ala Thr Asn Lys Leu Ile
1 5 10 15

Phe

<210> 22

<211> 14

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 22

Cys Ala Val Glu Val Asn Ser Gly Thr Tyr Lys Tyr Ile Phe
1 5 10

<210> 23

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 23

Cys Ala Leu Ser Val Gly Thr Tyr Lys Tyr Ile Phe
1 5 10

<210> 24
<211> 16
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct



<400> 24

Cys Ala Phe Met Lys Arg Ala Glu Thr Ser Gly Ser Arg Leu Thr Phe
1 5 10 15

<210> 25

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 25

Cys Ala Ser Leu Thr Asp Asn Asn Glu Gln Phe Phe
1 5 10

<210> 26
<211> 14
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 26

Cys Ala Ser Ser Thr Gly Gln Gly Leu Glu Thr Gln Tyr Phe
1 5 10

<210> 27

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 27

Cys Ala Trp Ser Ser Tyr Asn Glu Gln Phe Phe
1 5 10

<210> 28

<211> 16

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 28

Cys Ala Ser Ser Lys Gly Gln Gly Leu Gly Asn Gln Pro Gln His Phe
1 5 10 15

<210> 29

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct



<400> 29

Cys Ala Ser Arg Arg Asp Leu Ala Ala Phe Phe
1 5 10

<210> 30

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 30

Cys Ala Ser Ser Pro Gly Thr Gly Gly Arg Glu Thr Gln Tyr Phe
1 5 10 15

<210> 31

<211> 14

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 31

Cys Ala Ser Ser Tyr Trp Pro Thr Arg Glu Thr Gln Tyr Phe
1 5 10

<210> 32

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 32

Glu Val Leu Ala Pro Val Ile Leu Met Leu Leu Asn Ser Phe Phe Asn
1 5 10 15

Ala Ile Ser Thr
20

<210> 33

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 33
Glu Gly Glu Ile Ser Asp Pro Phe Arg Phe Thr Thr Phe Tyr Ile His
1 5 10 15

Phe Ala Leu Val
20



<210> 34
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 34

Lys Ala Leu Leu Ala Thr Phe Gly Ser Ser Phe Leu Ile Ser Ala Cys
1 5 10 15

Phe Lys Leu Ile
20

<210> 35

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 35

Phe Lys Leu Ile Gln Asp Leu Leu Ser Phe Ile Asn Pro Gln Leu Leu
1 5 10 15

Ser Ile Leu Ile
20

<210> 36
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 36

Gly Cys Glu Asp Val Arg Val Ser Gly Trp Leu Gln Thr Glu Phe Leu
1 5 10 15

Ser Phe Gln Asp
20

<210> 37

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 37

Thr Val Thr Lys Leu Ser Gln Lys Phe Thr Lys Val Asn Phe Thr Glu
1 5 10 15



Ile Gln Lys Leu
20

<210> 38

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 38

Thr Asp Glu Glu Leu Asp Arg Phe Lys Phe Phe Leu Ser Asp Glu Phe
1 5 10 15

Asn Ile Ala Thr
20

<210> 39

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 39

Arg Ile Ile Ile Ile Ala Arg Tyr Tyr Arg His Ser Gly Phe Leu Glu
1 5 10 15

Val Asn Ser Ala
20

<210> 40
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 40

Arg Thr Ile Pro Ile Asp Gly Asn Phe Phe Thr Tyr Thr Arg His Glu
1 5 10 15

Pro Ile Gly Val
20

<210> 41

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 41



Asp Glu Leu Asp Phe Leu Met Glu Ala Leu Ile Ile Ser Lys Phe Asn
1 5 10 15

His Gln Asn Ile
20

<210> 42

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 42

Val Tyr Gly Asn Thr Ala Leu His Tyr Ala Val Tyr Ser Glu Ile Leu
1 5 10 15

Ser Val Val Ala
20

<210> 43

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 43

Leu Glu Ser Ile Arg Lys Glu Val Lys Gly Asp Leu Glu Asn Ala Phe
1 5 10 15

Leu Asn Leu Val
20

<210> 44
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 44

Arg Ile Arg Pro Leu Trp Lys His Tyr Phe Gln Asn Thr Gln Gly Leu
1 5 10 15

Ile Phe Val Val
20

<210> 45

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct



<400> 45

Ala Val Phe Leu Ala Leu Ser Ala Gln Leu Leu Gln Ala Arg Leu Met
1 5 10 15

Lys Glu Glu Ser
20

<210> 46
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 46

Arg Thr Ile Met Gly Trp Thr Leu Asp Phe Leu Arg Glu Arg Leu Leu
1 5 10 15

Gly Trp Ile Gln
20

<210> 47

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 47

Leu Ser Tyr Lys Leu Ser Gln Lys Gly Tyr Ser Trp Ser Gln Phe Ser
1 5 10 15

Asp Val Glu Glu
20

<210> 48

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 48

Leu Ser Val Lys Lys Gln Phe Glu Glu Leu Thr Leu Gly Glu Phe Leu
1 5 10 15

Lys Leu Asp Arg
20

<210> 49

<211> 20

<212> PRT

<213> Artificial Sequence



<220>
<223> synthetic construct

<400> 49

Asp Pro Trp Thr Glu His Ala Lys Trp Phe Pro Ser Cys Gln Phe Leu
1 5 10 15

Leu Arg Ser Lys
20

<210> 50
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 50

Tyr Pro Ser Ser Gln Asp Ser Ser Ser Ala Ala Ala Pro Gln Leu Leu
1 5 10 15

Ile Val Leu Leu
20

<210> 51

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 51

Leu Thr Thr Pro Pro Cys Ala Gln Gly Val Ile Trp Thr Val Phe Asn
1 5 10 15

Gln Thr Val Met
20

<210> 52

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 52
Met Gly Phe Gln Lys Phe Ser Pro Phe Leu Ala Leu Ser Ile Leu Val
1 5 10 15

Leu Leu Gln Ala
20

<2106> 53



<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 53

Val Leu Gln Gln Gln Leu Glu Ser Phe Gln Ala Leu Arg Met Gln Thr
1 5 10 15

Leu Gln Asn Val
20

<210> 54
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 54

Lys Tyr Val Ala Glu Leu Ser Leu Leu Glu Ala Asp Pro Phe Leu Lys
1 5 10 15

Tyr Leu Pro Ser
20

<210> 55

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 55

Gln Gln Ala Ile Arg Glu Lys Tyr Lys Ala Ser Lys Tyr Leu Cys Val
1 5 10 15

Ser Leu Met Glu
20

<210> 56
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 56
Ser Pro Asn Asn Phe Leu Ser Tyr Tyr Arg Leu Thr Arg Phe Leu Ser
1 5 10 15

Arg Val Ile Lys
20



<210> 57

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 57

Met Arg Ile Phe Ala Val Phe Ile Phe Met Thr Tyr Trp His Leu Leu
1 5 10 15

Asn Ala Phe Thr
20

<210> 58

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 58

Pro Ser Lys Tyr Ile Asn Ala Ser Phe Ile Met Ser Tyr Trp Lys Pro
1 5 10 15

Glu Val Met Ile
20

<210> 59

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 59

Pro Leu Lys Glu Thr Ile Gly Asp Phe Trp Gln Met Ile Phe Gln Arg
1 5 10 15

Lys Val Lys Val
20

<210> 60
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 60

Lys Ala Arg Pro Gly Met Val Ser Thr Phe Glu Gln Tyr Gln Phe Leu
1 5 10 15



Tyr Asp Val Ile
20

<210> 61

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 61

Asp Phe Val Thr Glu Thr Pro Leu Glu Gly Asp Phe Ala Trp Glu Arg
1 5 10 15

Val Arg Gly Leu
20

<210> 62

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 62

Asp Phe Val Thr Glu Thr Pro Leu Glu Gly Asp Phe Ala Trp Glu Arg
1 5 10 15

Val Arg Gly Leu
20

<210> 63

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 63

Pro Ala Gln Tyr Ser Trp Phe Val Asn Gly Thr Phe Gln Gln Ser Thr
1 5 10 15

Gln Glu Leu Phe
20

<210> 64
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 64



Arg Ser Leu Arg Thr Asn Phe Leu Arg Tyr Trp Thr Leu Thr Tyr Leu
1 5 10 15

Ala Leu Pro Thr
20

<210> 65

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 65

Cys Gly Lys Glu Gly Lys Tyr Ile His Phe Thr Pro Asn Phe Leu Leu
1 5 10 15

Asn Asp Asn Leu
20

<210> 66
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 66

Ile Ser Arg Ser Asp Glu Gly Lys Tyr Thr Cys Phe Ala Glu Asn Phe
1 5 10 15

Met Gly Lys Ala
20

<210> 67

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 67

Gln Gln Cys Thr Asp Asp Val Arg Leu Phe Ala Phe Val Arg Phe Thr
1 5 10 15

Thr Gly Asp Ala
20

<210> 68

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct



<400> 68

Asn Ile Ile Asp Leu Gln Phe Leu His Gly Tyr Tyr Glu Pro Thr Leu
1 5 10 15

Leu Ile Leu Phe
20

<210> 69

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 69

Ala Asn Ala Ala Val Gly Glu Pro Ala Phe Leu Ser Glu Glu Phe Gln
1 5 10 15

Asn Ser Pro Glu
20

<210> 70
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 70

Gly Val Lys Arg Lys Asp Gln Gly Phe Leu Glu Lys Glu Phe Tyr His
1 5 10 15

Lys Thr Asn Ile
20

<210> 71

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 71

His Asp Lys Ala Cys Val Arg Thr Phe Tyr Glu Thr Pro Leu Gln Leu
1 5 10 15

Leu Glu Lys Val
20

<210> 72

<211> 20

<212> PRT

<213> Artificial Sequence



<220>
<223> synthetic construct

<400> 72

Gln Arg Ser Glu His Asp Val Leu Phe Gln Val Thr Gln Phe Pro Ser
1 5 10 15

Arg Gly Gln Leu
20

<210> 73

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 73

Phe Gln Ile Asp Gln Gly Glu Val Val Phe Ala Phe Thr Asn Phe Ser
1 5 10 15

Ser Ser His Asp
20

<210> 74
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 74

Ile Asp Gln Gly Glu Val Val Phe Ala Phe Thr Asn Phe Ser Ser Ser
1 5 10 15

His Asp His Phe
20

<210> 75

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 75
Ser Ser Ile Leu Cys Ala Leu Ile Val Phe Trp Lys Tyr Arg Arg Phe
1 5 10 15

Gln Arg Asn Thr
20

<2106> 76



<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 76

Ala Gly Gln Ser Arg Cys Gly Gly Phe Leu Val Arg Glu Asp Phe Val
1 5 10 15

Leu Thr Ala Ala
20

210> 77

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 77

Glu Gln Leu Asn Arg Asn Phe Ser Asn Phe Ile Leu Asp Lys Phe Leu
1 5 10 15

Arg His Cys Glu
20

<210> 78

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 78

Ser Thr Ala Leu Gln Trp Leu Leu Leu Leu Phe Thr Arg Tyr Pro Asp
1 5 10 15

Val Gln Thr Arg
20

<210> 79

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 79
Asp Pro Trp Pro Leu Asn Pro Leu Ser Ile Gln Gln Thr Thr Leu Leu
1 5 10 15

Leu Leu Leu Ser
20



<210> 80
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 80

Pro Gln Phe Ala Asn Cys Ser Val Tyr Asp Phe Phe Val Trp Leu His
1 5 10 15

Tyr Tyr Ser Val
20

<210> 81

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 81

Ala Asn Cys Ser Val Tyr Asp Phe Phe Val Trp Leu His Tyr Tyr Ser
1 5 10 15

Val Arg Asp Thr
20

<210> 82
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 82

Gln Lys Phe Asp Asn Pro Pro Phe Phe Gln Asn Ser Thr Phe Ser Phe
1 5 10 15

Arg Asn Ala Leu
20

<210> 83

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 83

Ile Ala Thr Pro Gly Arg Leu Asn Asp Leu Gln Met Ser Asn Phe Val
1 5 10 15



Asn Leu Lys Asn
20

<210> 84
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 84

Cys Ala Ser Gly Leu Cys Cys Ala Arg His Phe Trp Ser Lys Ile Cys
1 5 10 15

Lys Pro Val Leu
20

<210> 85

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 85

Glu Glu Gly Cys Glu Ala Ile Ser Phe Leu Leu Ser Leu Ile Asp Arg
1 5 10 15

Leu Val Leu Tyr
20

<210> 86
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 86

Gly Ser Lys Glu Asp Ala Asn Val Phe Ala Ser Ala Met Met His Ala
1 5 10 15

Leu Glu Val Leu
20

<210> 87

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 87



Thr Arg Tyr Gln Leu Asp Pro Lys Phe Ile Thr Ser Ile Leu Tyr Glu
1 5 10 15

Asn Asn Val Ile
20

<210> 88

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 88

Glu Ser Asp Leu Asp Tyr Gly Thr Asn Phe Gln Lys Arg Leu Phe Thr
1 5 10 15

Lys Ile Asp Thr
20

<210> 89
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 89

Glu Ser Asp Asp Asp His Gly Val Lys Phe Arg Glu His Gln Phe Thr
1 5 10 15

Lys Ile Asp Thr
20

<210> 90
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 90

Pro Glu Gly Ala Ser Ala Ala Ser Phe Glu Tyr Thr Ile Leu Asp Pro
1 5 10 15

Ser Ser Gln Leu
20

<210> 91

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct



<400> 91

Glu Asp Leu Gly Pro Ala Ser Pro Leu Asp Ser Thr Phe Tyr Arg Ser
1 5 10 15

Leu Leu Glu Asp
20

<210> 92

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 92

Asp Leu Gly Pro Ala Ser Pro Leu Asp Ser Thr Phe Tyr Arg Ser Leu
1 5 10 15

Leu Glu Asp Asp
20

<210> 93

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 93

Ala Ala Ser Gln His Val Phe Arg Phe Tyr Arg Glu Ser Leu Gln Arg
1 5 10 15

Arg Tyr Ser Lys
20

<210> 94
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 94

His Thr Leu Phe Cys Arg Arg Cys Phe Lys Tyr Asp Cys Phe Leu His
1 5 10 15

Pro Phe His Ala
20

<210> 95

<211> 20

<212> PRT

<213> Artificial Sequence



<220>
<223> synthetic construct

<400> 95

Met Ser Leu Ser Phe Leu Leu Leu Leu Phe Phe Ser His Leu Ile Leu
1 5 10 15

Ser Ala Trp Ala
20

<210> 96
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 96

Val Tyr Glu Thr Tyr Glu Leu Val Glu Lys Phe Tyr Asp Pro Met Phe
1 5 10 15

Lys Tyr His Leu
20

<210> 97

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 97

Val Ala Gln Thr Gly Ile Leu Trp Leu Leu Met Asn Asn Cys Phe Leu
1 5 10 15

Asn Leu Ser Pro
20

<210> 98

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 98
Met Asn Leu Ser Arg Gly Lys Ser Thr Tyr Tyr Trp Pro Arg Pro Arg
1 5 10 15

Arg Tyr Val Gln
20

<210> 99



<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 99

Met Lys Gln Asp Phe Ser Val Pro Gln Leu Pro His Ser Ser Ser His
1 5 10 15

Trp Leu Arg Leu
20

<210> 100
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 100

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

Asp Val Ser Leu
20

<210> 101
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 101

Ala Met Trp Ile Gln Leu Leu Tyr Ser Ala Cys Phe Trp Trp Leu Phe
1 5 10 15

Cys Tyr Ala Val
20

<210> 102
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 102
Thr Gly Pro Ile Arg Asn Gly Asp Trp Thr Phe Gln Thr Val Val Met
1 5 10 15

Leu Glu Met Thr
20



<210> 103
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 103

Pro Gly Val Tyr Thr Lys Val Ser Asp Phe Arg Glu Trp Ile Phe Gln
1 5 10 15

Ala Ile Lys Thr
20

<210> 104

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 104

Gly Thr Val Ala Tyr Leu Ala Leu Arg Ile Ser Tyr Ser Leu Phe Thr
1 5 10 15

Ala Leu Arg Val
20

<210> 1605
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 105

Val Phe Val Gln Ser Val Leu Pro Tyr Phe Val Ala Thr Lys Leu Ala
1 5 10 15

Lys Ile Arg Lys
20

<210> 106
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 106

Glu Gly Ile Asp Phe Tyr Thr Ser Ile Thr Arg Ala Arg Phe Glu Glu
1 5 10 15



Leu Cys Ser Asp
20

<210> 107
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 107

Ser Phe Arg Asp Gly Asp Cys Ser Lys Gly Phe Phe Leu Val Ser Leu
1 5 10 15

Leu Val Glu Ile
20

<210> 108
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 108

Ser Ser Glu Asn Lys Pro Ile Arg Ser Ser Tyr Phe Thr Phe Gln Leu
1 5 10 15

Gln Asn Ile Val
20

<210> 109
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 109

Asp Asp Ala Ala Pro Arg Val Glu Gly Val Pro Val Ala Val His Lys
1 5 10 15

His Ala Leu His
20

<210> 110
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 110



Thr Phe Gly Glu Met Ala Asp Ala Phe Lys Ser Asp Tyr Phe Asn Met
1 5 10 15

Pro Val His Met
20

<210> 111
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 111

Ile Ile Ile Leu Val Gly Thr Ala Val Ile Ala Met Phe Phe Trp Leu
1 5 10 15

Leu Leu Val Ile
20

<210> 112
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 112

Arg Phe Ser Ile Trp Ile Ser Phe Phe Glu Ile Tyr Asn Glu Leu Leu
1 5 10 15

Tyr Asp Leu Leu
20

<210> 113
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 113

Asn Gln Pro Cys Tyr Arg Lys Leu Gly Leu Glu Val Tyr Val Thr Phe
1 5 10 15

Phe Glu Ile Tyr
20

<210> 114

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct



<400> 114

Ser Val Arg His Pro Glu Tyr Asn Arg Pro Leu Leu Ala Asn Asp Leu
1 5 10 15

Met Leu Ile Lys
20

<210> 115
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 115

Gln Lys Lys Thr Leu Gln Ala Leu Glu Phe His Thr Val Pro Phe Gln
1 5 10 15

Leu Leu Ala Arg
20

<210> 116
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 116

Val Met Val Asn Gly Ile Leu Phe Val Gln Tyr Phe His Arg Val Pro
1 5 10 15

Phe His Arg Val
20

<210> 117
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 117

Ile Ala Lys Arg Gln Leu Ser His Leu Gln Ala Ser Gly Phe Ser Leu
1 5 10 15

Leu Ser Ala Phe
20

<210> 118
<211> 20
<212> PRT
<213> Artificial Sequence



<220>
<223> synthetic construct

<400> 118

Thr Gly Val Lys Glu Val Ala Arg Lys Tyr Asn Tyr Ile Ala Ser Phe
1 5 10 15

Phe Ile Glu Thr
20

<210> 119
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 119

Tyr Asn Tyr Ile Ala Ser Phe Phe Ile Glu Thr Gly Phe Cys Asp Ser
1 5 10 15

Gly Ile Leu Ser
20

<210> 120
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 120

Gln Ala Met Ala Lys Asn Arg Leu Gln Phe Val Arg Phe Glu Ala Thr
1 5 10 15

Asp Leu His Gly
20

<210> 121
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 121
Gln Cys Phe Val Cys Ala Gln Cys Phe Gln Gln Phe Pro Glu Gly Leu
1 5 10 15

Phe Tyr Glu Phe
20

<210> 122



<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 122

Glu Lys Arg Phe Leu Leu Glu Glu Pro Met Pro Phe Phe Tyr Leu Lys
1 5 10 15

Cys Cys Lys Ile
20

<210> 123
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 123

Asp Glu Lys Val Thr Asp Leu Val Gln Phe Leu Leu Phe Lys Tyr Gln
1 5 10 15

Met Lys Glu Pro
20

<210> 124

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 124

Ala Leu Ser Arg Lys Met Ala Glu Leu Val His Phe Leu Leu Leu Lys
1 5 10 15

Tyr Arg Ala Arg
20

<210> 125
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 125
Pro Arg Lys Leu Leu Thr Gln Asp Leu Val Gln Glu Lys Tyr Leu Glu
1 5 10 15

Tyr Arg Gln Val
20



<210> 126
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 126

Ala Ile Ser Arg Lys Met Val Glu Leu Val His Phe Leu Leu Leu Lys
1 5 10 15

Tyr Arg Ala Arg
20

<210> 127
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 127

Arg Lys Met Val Glu Leu Val His Phe Leu Leu Leu Lys Tyr Arg Ala
1 5 10 15

Arg Glu Pro Val
20

<210> 128
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 128

Tyr Glu Phe Leu Trp Gly Pro Arg Ala Leu Ala Glu Thr Ser Tyr Val
1 5 10 15

Lys Val Leu Glu
20

<210> 129
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 129

Leu Gly Ser Val Val Gly Asn Trp Gln Tyr Phe Phe Pro Val Ile Phe
1 5 10 15



Ser Lys Ala Ser
20

<210> 130
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 130

Pro Lys Lys Leu Leu Thr Gln Tyr Phe Val Gln Glu Asn Tyr Leu Glu
1 5 10 15

Tyr Arg Gln Val
20

<210> 131
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 131

Tyr Phe Pro Val Ile Phe Gly Lys Ala Ser Glu Phe Met Gln Val Ile
1 5 10 15

Phe Gly Thr Asp
20

<210> 132
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 132

Pro Arg Lys Phe Ile Thr Gln Asp Leu Val Gln Glu Lys Tyr Leu Lys
1 5 10 15

Tyr Glu Gln Val
20

<210> 133
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 133



Pro Trp Lys Leu Ile Thr Lys Asp Leu Val Gln Glu Lys Tyr Leu Glu
1 5 10 15

Tyr Lys Gln Val
20

<210> 134

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 134

Gln Ser Pro Leu Gln Asn Pro Ala Ser Ser Phe Phe Ser Ser Ala Leu
1 5 10 15

Leu Ser Ile Phe
20

<210> 135
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 135

Gln Ser Pro Leu Gln Ile Pro Val Ser Arg Ser Phe Ser Ser Thr Leu
1 5 10 15

Leu Ser Ile Phe
20

<210> 136
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 136

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

Ser Leu Phe Gln
20

<210> 137
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct



<400> 137

Ser Pro Leu Gln Ile Pro Met Thr Ser Ser Phe Ser Ser Thr Leu Leu
1 5 10 15

Ser Ile Leu Gln
20

<210> 138
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 138

Pro Leu Ser Ser Cys Cys Ser Ser Phe Ser Trp Ser Ser Phe Ser Glu
1 5 10 15

Glu Ser Ser Ser
20

<210> 139
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 139

Ile Leu Thr Val Ile Leu Gly Val Leu Leu Leu Ile Gly Cys Trp Tyr
1 5 10 15

Cys Arg Arg Arg
20

<210> 140
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 140

Ala Val Asp Arg Tyr Ile Ser Ile Phe Tyr Ala Leu Arg Tyr His Ser
1 5 10 15

Ile Val Thr Leu
20

<210> 141
<211> 20
<212> PRT
<213> Artificial Sequence



<220>
<223> synthetic construct

<400> 141

Ile Leu Leu Gly Ile Phe Phe Leu Cys Trp Gly Pro Phe Phe Leu His
1 5 10 15

Leu Thr Leu Ile
20

<210> 142
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 142

Met Gln His Arg Gly Phe Leu Leu Leu Thr Leu Leu Ala Leu Leu Ala
1 5 10 15

Leu Thr Ser Ala
20

<210> 143
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 143

Thr Tyr Thr Met Lys Glu Val Leu Phe Tyr Leu Gly Gln Tyr Ile Met
1 5 10 15

Thr Lys Arg Leu
20

<210> 144

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 144
Val Ser Arg Ile Ser Ala Ile Phe Ser Thr Phe Ile Gly Glu His Tyr
1 5 10 15

Val His Val Asn
20

<210> 145



<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 145

Arg Ser Ala Met Cys Ala Phe Pro Ile Lys Tyr Val Asn Asp Phe Phe
1 5 10 15

Asn Lys Ile Val
20

<210> 146
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 146

Lys Leu Gly Phe Phe Leu Val Thr Phe Gly Phe Ile Trp Gly Met Met
1 5 10 15

Leu Leu His Phe
20

<210> 147
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 147

Ala Gln Ile Arg Gly Glu Ile Phe Phe Phe Lys Asp Arg Phe Ile Trp
1 5 10 15

Arg Thr Val Thr
20

<210> 148
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 148
Ala Pro Gln Glu Glu Lys Ala Val Phe Phe Ala Gly Asn Glu Tyr Trp
1 5 10 15

Ile Tyr Ser Ala
20



<210> 149
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 149

Ser Lys Asn Lys Lys Thr Tyr Ile Phe Ala Gly Asp Lys Phe Trp Arg
1 5 10 15

Tyr Asn Glu Val
20

<210> 150
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 150

Leu Gln Gly Gly Gly His Ser Tyr Phe Phe Lys Gly Ala Tyr Tyr Leu
1 5 10 15

Lys Leu Glu Asn
20

<210> 151
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 151

Glu Leu Gln Trp Glu Gln Ala Gln Asp Tyr Leu Lys Arg Phe Tyr Leu
1 5 10 15

Tyr Asp Ser Glu
20

<210> 152
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 152

Gln Pro Tyr Thr Glu Tyr Ile Ser Thr Arg Trp Tyr Arg Ala Pro Glu
1 5 10 15



Cys Leu Leu Thr
20

<210> 153
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 153

Lys Gly Arg Val Gly Pro Leu Leu Ala Cys Ile Ile Gly Thr Gln Phe
1 5 10 15

Arg Lys Leu Arg
20

<210> 154

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 154

Asp Pro Gly Ala Ala Glu Gln Val Pro Asp Phe Val Thr Phe Leu Tyr
1 5 10 15

Gln Ile Thr Arg
20

<210> 155
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 155

Gln Met Asp Arg Val Asn Ala Ile Pro Phe Thr Tyr Glu Gln Leu Asp
1 5 10 15

Val Leu Lys His
20

<210> 156
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 156



Gln Leu Ser Thr Gly Val Ser Phe Phe Phe Leu Ser Phe His Ile Ser
1 5 10 15

Asn Leu Gln Phe
20

<210> 157
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 157

Ser Met Pro Ala Asn Phe Glu Thr Thr Gly Phe Glu Ala Glu Pro Phe
1 5 10 15

Ser His Leu Thr
20

<210> 158
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 158

Ser Leu Pro Ser Ser Thr Pro Val Pro Phe Ser Ser Ser Thr Phe Thr
1 5 10 15

Thr Thr Asp Ser
20

<210> 159
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 159

Ala Lys Thr Thr Thr Thr Phe Asn Thr Leu Ala Gly Ser Leu Phe Thr
1 5 10 15

Pro Leu Thr Thr
20

<210> 160
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct



<400> 160

Ser Thr Lys Ala Ile Ser Ala Ser Ser Phe Gln Ser Thr Gly Phe Thr
1 5 10 15

Glu Thr Pro Glu
20

<210> 161
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 161

Ile Leu Leu Thr Ile Lys Asp Asp Thr Ile Tyr Leu Thr Arg His Leu
1 5 10 15

Ala Val Leu Asn
20

<210> 162
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 162

Ser Gly Trp Gly Asp Pro His Tyr Ile Thr Phe Asp Gly Thr Tyr Tyr
1 5 10 15

Thr Phe Leu Asp
20

<210> 163
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 163

Met Arg Ala Leu Gln Ile Val Tyr Gly Ile Arg Leu Glu His Phe Tyr
1 5 10 15

Met Met Pro Val
20

<210> 164

<211> 20

<212> PRT

<213> Artificial Sequence



<220>
<223> synthetic construct

<400> 164

Leu Val Met Gly Val Asp Val Met Phe Ile Ser Leu Ser Tyr Phe Leu
1 5 10 15

Ile Ile Arg Thr
20

<210> 165
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 165

Asp Pro Ser Val Glu Pro Pro Leu Ser Gln Glu Thr Phe Ser Asp Leu
1 5 10 15

Trp Lys Leu Leu
20

<210> 166
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 166

Gln Ile Ala Ala Val Cys Arg Glu Cys Leu Gln Ala Leu Glu Phe Leu
1 5 10 15

His Ala Asn Gln
20

<210> 167
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 167
Val Glu Lys Arg Gly Ser Ala Lys Glu Leu Leu Gln His Pro Phe Leu
1 5 10 15

Lys Leu Ala Lys
20

<216> 168



<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 168

Pro Arg His Val Asp Arg Ser Asp Phe Phe Thr Ser Phe Tyr Asp Lys
1 5 10 15

Leu Lys Leu Gln
20

<210> 169
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 169

Met Phe Val Asp Ser Asp Ser Thr Tyr Cys Ser Ser Thr Val Phe Leu
1 5 10 15

Asp Thr Met Pro
20

<210> 170
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 170

Arg Lys Gln Arg Arg Ser Arg Thr Thr Phe Thr Ala Glu Gln Leu Glu
1 5 10 15

Glu Leu Glu Arg
20

<210> 171
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 171
Leu Thr Gly Met Val Pro Gly Ser Glu Phe Ser Gly Ser Pro Tyr Ser
1 5 10 15

His Pro Gln Tyr
20



<210> 172
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 172

Val Trp Asn Gly Pro Val Gly Val Phe Glu Trp Glu Ala Phe Ala Arg
1 5 10 15

Gly Thr Lys Ala
20

<210> 173
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 173

Gln Ala Gly Ala Gln Glu Ala Gln Pro Leu Gln Pro Ser His Phe Leu
1 5 10 15

Asp Ile Ser Glu
20

<210> 174

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 174

Asn Leu Pro Leu Val Ser Ser Thr Tyr Asp Leu Met Ser Ser Ala Tyr
1 5 10 15

Leu Ser Thr Lys
20

<210> 175
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 175

Asn Glu Arg Phe Arg Cys Pro Glu Ala Leu Phe Gln Pro Cys Phe Leu
1 5 10 15



Gly Met Glu Ser
20

<210> 176
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 176

Leu Ala Thr Gly Glu Lys Gly Phe Gly Tyr Lys Asn Ser Lys Phe His
1 5 10 15

Arg Val Ile Lys
20

210> 177
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 177

Ser Leu Gln Cys Leu Gln Ala Leu Tyr Val Asp Ser Leu Phe Phe Leu
1 5 10 15

Arg Gly Arg Leu
20

<210> 178
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 178

Tyr Gln Cys Lys Val Cys Pro Ala Lys Phe Thr Gln Phe Val His Leu
1 5 10 15

Lys Leu His Lys
20

<210> 179
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 179



Glu Val Ala Ala Lys Thr Leu Pro Phe Tyr Lys Asp Tyr Phe Asn Val
1 5 10 15

Pro Tyr Pro Leu
20

<210> 180
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 180

Lys Leu Asn Leu Gly Thr Val Gly Phe Tyr Arg Thr Gln Tyr Ser Ser
1 5 10 15

Ala Met Leu Glu
20

<210> 181
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 181

Ser His Thr Asp Phe Tyr Glu Glu Ile Gln Glu Phe Val Lys Asp Val
1 5 10 15

Phe Ser Pro Ile
20

<210> 182
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 182

Glu Leu Tyr Asn Arg Tyr Gln Gly Gly Phe Leu Ile Ser Arg Leu Ile
1 5 10 15

Lys Leu Ser Val
20

<210> 183
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct



<400> 183

Cys Lys Leu Ser Ser Ala Arg Trp Gly Val Cys Trp Val Asn Phe Glu
1 5 10 15

Ala Leu Ile Ile
20

<210> 184

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 184

Ser Arg Leu Gly Pro Thr Leu Met Cys Leu Leu Ser Thr Gln Phe Lys
1 5 10 15

Arg Leu Arg Asp
20

<210> 185
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 185

Gln Gly Lys Asp Val Leu Met Asn Asn Gly Leu Lys Met Asp Gln Phe
1 5 10 15

Cys Lys Glu His
20

<210> 186
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 186

Asn Thr Lys Phe Ser Glu Glu Glu Leu Cys Ser Trp Tyr Gln Ser Phe
1 5 10 15

Leu Lys Asp Cys
20

<210> 187
<211> 20
<212> PRT
<213> Artificial Sequence



<220>
<223> synthetic construct

<400> 187

Met Glu Lys Asp Ser Leu Pro Arg Phe Val Arg Ser Glu Phe Tyr Gln
1 5 10 15

Glu Leu Ile Lys
20

<210> 188
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 188

Tyr Gly Leu Ala Ser Phe Lys Ser Phe Leu Lys Ser Glu Phe Ser Glu
1 5 10 15

Glu Asn Leu Glu
20

<210> 189
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 189

Cys Gly Lys Thr Cys Leu Leu Ile Val Phe Ser Lys Asp Gln Phe Pro
1 5 10 15

Glu Val Tyr Val
20

<210> 190
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 190
Pro Asp Tyr Asp Val Trp Ile Leu Met Thr Val Val Gly Thr Ile Phe
1 5 10 15

Val Ile Ile Leu
20

<210> 191



<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 191

Tyr Leu Thr Pro Asp Leu Trp Lys Glu Thr Val Phe Thr Lys Ser Pro
1 5 10 15

Tyr Gln Glu Phe
20

<210> 192
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 192

Lys Val Lys Arg Gln Phe Val Glu Phe Thr Ile Lys Glu Ala Ala Arg
1 5 10 15

Phe Lys Lys Val
20

<210> 193
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 193

Met Asp Gln Glu Phe Gly Val Ser Thr Leu Val Glu Glu Glu Phe Gly
1 5 10 15

Gln Arg Arg Gln
20

<210> 194

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 194
Arg Gln Lys Met Ser Glu Ile Phe Pro Leu Thr Glu Glu Leu Trp Leu
1 5 10 15

Glu Trp Leu His
20



<210> 195
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 195

Leu Ser Asn Val Glu Val Phe Met Val Ile Ser Phe Ser Ser Tyr Lys
1 5 10 15

Leu Phe Lys Ser
20

<210> 196
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 196

Thr Leu Arg Asp Lys Ala Ser Gly Val Cys Ile Asp Ser Glu Phe Phe
1 5 10 15

Leu Thr Thr Ala
20

<210> 197
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 197

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

Met Lys Lys Lys
20

<210> 198
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 198

His His His Leu Leu Gln Glu Tyr Glu Ile Glu Arg Ser Phe Phe Leu
1 5 10 15



Arg Met Lys Cys
20

<210> 199
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 199

Leu Leu Val Pro Leu Leu Leu Ser Leu Phe Val Leu Gly Leu Phe Leu
1 5 10 15

Trp Phe Leu Lys
20

<210> 200
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 200

Val Gln Arg Leu Trp Val Ser Arg Leu Leu Arg His Arg Lys Ala Gln
1 5 10 15

Leu Leu Leu Val
20

<210> 201
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 201

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

Phe Pro Ser Ile
20

<210> 202
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 202



Asn Phe Glu Ser Met Ser Leu Gly Ser Phe Ser Ser Ser Ser Ala Leu
1 5 10 15

Asp Arg Asp Leu
20

<210> 203
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 203

Arg Glu Gln Pro Asp Asn Ile Pro Ala Phe Ala Ala Ala Tyr Phe Glu
1 5 10 15

Ser Leu Leu Glu
20

<210> 204

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 204

Lys Ala Phe Asp Asp Ile Ala Lys Tyr Phe Ser Lys Glu Glu Trp Glu
1 5 10 15

Lys Met Lys Ala
20

<210> 205
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 205

Lys Ala Phe Asp Asp Ile Ala Lys Tyr Phe Ser Lys Lys Glu Trp Glu
1 5 10 15

Lys Met Lys Ser
20

<210> 206
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct



<400> 206

Leu Leu Gly Thr Ile His Ala Leu Ile Phe Ala Trp Asn Lys Trp Ile
1 5 10 15

Asp Ile Lys Gln
20

<210> 207
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 207

Phe Leu Pro Ile Val Val Leu Ile Phe Lys Ser Ile Leu Phe Leu Pro
1 5 10 15

Cys Leu Arg Lys
20

<210> 208
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 208

Pro Ile Lys Ile Ala Ala Ile Ile Ala Ser Leu Thr Phe Leu Tyr Thr
1 5 10 15

Leu Leu Arg Glu
20

<210> 209
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 209

Lys Ile Ala Ala Ile Ile Ala Ser Leu Thr Phe Leu Tyr Thr Leu Leu
1 5 10 15

Arg Glu Vval Ile
20

<210> 210
<211> 20
<212> PRT
<213> Artificial Sequence



<220>
<223> synthetic construct

<400> 210

Leu Ala Leu Gly Leu Phe Val Cys Phe Tyr Ala Tyr Asn Phe Val Arg
1 5 10 15

Asp Val Leu Gln
20

<210> 211
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 211

Ala Val Thr Asp His Pro Asp Arg Leu Trp Ala Trp Glu Lys Phe Val
1 5 10 15

Tyr Leu Asp Glu
20

<210> 212
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 212

Leu Arg Ser Phe Phe Tyr Val Thr Glu Thr Thr Phe Gln Lys Asn Arg
1 5 10 15

Leu Phe Phe Tyr
20

<210> 213
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 213
Arg Ser Phe Phe Tyr Val Thr Glu Thr Thr Phe Gln Lys Asn Arg Leu
1 5 10 15

Phe Phe Tyr Arg
20

<210> 214



<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 214

Leu Asp Ser Leu Gly Gln Trp Asn Tyr Thr Phe Ala Ser Thr Glu Gly
1 5 10 15

Gln Tyr Leu Leu
20

<210> 215
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 215

Leu Ser Asn Asn Ser Leu Val Ser Leu Thr Tyr Val Ser Phe Arg Asn
1 5 10 15

Leu Thr His Leu
20

<210> 216
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 216

Ala Pro Lys Ser Gln Phe Gly Arg Ile Ile His Thr Pro Phe Met Lys
1 5 10 15

Phe Ile Ile His
20

<210> 217
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 217
Ile Ile His Gly Ala Ser Tyr Phe Thr Phe Leu Leu Leu Leu Asn Leu
1 5 10 15

Tyr Ser Leu Val
20



<210> 218
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 218

Asn Gln Leu Ser Phe Val Met Asn Ser Leu Tyr Leu Ala Thr Phe Ala
1 5 10 15

Leu Lys Val val
20

<210> 219
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 219

Gln Gln Ser Asn Asp Thr Phe His Ser Phe Ile Gly Thr Cys Phe Ala
1 5 10 15

Leu Phe Trp Tyr
20

<210> 220
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 220

Pro Leu Leu Thr Thr Lys Arg Val Phe Trp Lys Gly Val Leu Glu Glu
1 5 10 15

Leu Leu Trp Phe
20

<210> 221
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 221

Asp Pro Ile Phe Leu Leu His His Ala Phe Val Asp Ser Ile Phe Glu
1 5 10 15



Gln Trp Leu Arg
20

<210> 222
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 222

Gln Arg Cys Leu Arg Asp Ile Leu Asp Gly Phe Phe Pro Ser Glu Leu
1 5 10 15

Gln Arg Leu Tyr
20

<210> 223
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 223

Leu Ala Ala Ala Ser Gly Gln Asn Arg Met Thr Gln Gly Gln His Phe
1 5 10 15

Leu Gln Lys Val
20

<210> 224

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 224

Arg Arg Cys Asp Arg Val Thr Arg Leu Glu Phe Leu Pro Phe His Phe
1 5 10 15

Leu Leu Ala Thr
20

<210> 225
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 225



Cys Ala Thr Trp Lys Val Ile Cys Lys Ser Cys Ile Ser Gln Thr Pro
1 5 10 15

Gly Ile Asn Leu
20

<210> 226
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 226

Leu Gln Ile Gln Ser Leu Ile Ser Cys Trp Ala Phe Trp Thr Thr Trp
1 5 10 15

Thr Gln Ser Cys
20

<210> 227
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 227

Val Ser Thr Ala Asn Val Gly Asp Ile Leu Ser Ala Ala Arg Leu Leu
1 5 10 15

Glu Ile Pro Ala
20

<210> 228
<211> 24
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 228

Leu Pro Lys Pro Pro Lys Pro Val Ser Lys Met Arg Met Ala Thr Pro
1 5 10 15

Leu Leu Met Gln Ala Leu Pro Met
20

<210> 229
<211> 16
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct



<400> 229

Lys Lys Leu Leu Thr Gln His Phe Val Gln Glu Asn Tyr Leu Glu Tyr
1 5 10 15

<210> 230

<211> 21

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 230

Pro Gly Cys Asn Lys Arg Tyr Phe Lys Leu Ser His Leu Gln Met His
1 5 10 15

Ser Arg Lys His Thr
20

<210> 231
<211> 14
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 231

Ser Leu Leu Met Trp Ile Thr Gln Cys Phe Leu Pro Val Phe
1 5 10

<210> 232
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 232

Tyr Leu Ala Met Pro Phe Ala Thr Pro Met Glu Ala Glu Leu Ala Arg
1 5 10 15

Arg Ser Leu Ala
20

<210> 233

<211> 13

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 233

Pro Lys Tyr Val Lys Gln Asn Thr Leu Lys Leu Ala Thr
1 5 10



<210> 234

<211> 20

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 234

Phe Arg Asp Tyr Val Asp Arg Phe Tyr Lys Thr Leu Arg Ala Glu Gln
1 5 10 15

Ala Ser Gln Glu
20

<210> 235
<211> 20
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 235

Thr Gly Ser Asn Cys Pro Pro His Ile Glu Asn Phe Ser Asp Ile Asp
1 5 10 15

Met Gly Glu Ile
20

<210> 236

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 236

Glu Thr Leu Leu Arg Ala Val Glu Ser Tyr Leu Leu
1 5 10

<210> 237
<211> 16
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 237
Arg Gly Tyr Phe Lys Met Arg Thr Gly Lys Ser Ser Ile Met Arg Ser
1 5 10 15

<210> 238
<211> 282
<212> PRT



<213>

<220>
<223>

<400>

Artificial Sequence

synthetic construct

238

Met Met Arg Pro

1

Ala

Tyr

Arg

Val

65

Asp

Asn

Arg

Leu

Arg

145

Asn

Glu

Thr

Ser

Phe

225

Arg

Arg

Ala

Glu

50

Thr

Ile

Tyr

Val

Leu

130

Trp

Leu

Met

Ser

Ala

210

Leu

Gln

Ala

Phe

35

Glu

Glu

Leu

Glu

Asn

115

Val

Phe

Ile

Thr

Leu

195

Arg

Glu

Arg

Thr

20

Asn

Phe

Leu

Glu

Leu

100

Val

Cys

Leu

Arg

Pro

180

Asp

Ser

Arg

Val

Ile

Pro

Gly

Ala

Gly

Glu

85

Gly

Ser

His

Asn

Asn

165

Gln

Ser

Lys

Glu

Gln
245

Val

Glu

Thr

Arg

Arg

Lys

Gly

Pro

Val

Gly

150

Gly

Gln

Pro

Gly

Asn

230

Arg

Leu

Asn

Gln

Phe

55

Pro

Arg

Pro

Ser

Thr

135

Gln

Asp

Gly

Val

Gly

215

Thr

Leu

Val

Tyr

Arg

40

Asp

Ala

Ala

Met

Lys

120

Asp

Glu

Trp

Asp

Thr

200

Gly

Ala

Arg

Leu

Leu

25

Phe

Ser

Ala

Val

Thr

105

Lys

Phe

Glu

Thr

Val

185

Val

Gly

Leu

Asn

Leu

10

Phe

Leu

Asp

Glu

Pro

90

Leu

Gly

Tyr

Thr

Phe

170

Tyr

Glu

Ser

Glu

Arg
250

Phe

Gln

Glu

Val

Tyr

75

Asp

Gln

Pro

Pro

Ala

155

Gln

Thr

Trp

Leu

Thr

235

Val

Ala

Gly

Arg

Gly

60

Trp

Arg

Arg

Leu

Gly

140

Gly

Ile

Cys

Lys

Glu

220

Arg

Ser

Thr

Arg

Tyr

45

Glu

Asn

Met

Arg

Gln

125

Ser

Val

Leu

Gln

Ala

205

Ile

Val

Gln

Ser

Gln

30

Ile

Phe

Ser

Cys

Val

110

His

Ile

Val

Val

Val

190

Gln

Glu

Ala

Tyr

Ala

15

Glu

Tyr

Arg

Gln

Arg

95

Gln

His

Gln

Ser

Met

175

Glu

Ser

Ala

Glu

Arg
255

Leu

Cys

Asn

Ala

Lys

80

His

Pro

Asn

Val

Thr

160

Leu

His

Asp

Ala

Leu

240

Thr



Arg Tyr Gly Pro Leu Gly Gly Gly Lys Gly Ser Gly Leu Asn Asp Ile

260

265

Phe Glu Ala Gln Lys Ile Glu Trp His Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

275

239
849
PRT

Artificial Sequence

synthetic construct

239

Ala Thr Gly

1

Thr

Cys

Gly

Ala

65

Gly

Thr

Cys

Ala

Cys

145

Gly

Gly

Gly

Gly

Gly

Cys

50

Gly

Gly

Ala

Cys

Cys

130

Gly

Ala

Gly

Thr

Cys

Cys

Cys

Ala

Gly

Cys

Cys

115

Gly

Gly

Thr

Gly

Gly

Ala

Thr

20

Cys

Ala

Ala

Cys

Gly

100

Ala

Gly

Gly

Thr

Cys

180

Ala

Thr

Gly

Ala

Gly

Cys

Cys

85

Cys

Gly

Thr

Ala

Cys

165

Gly

Cys

Gly

Gly

Cys

Ala

Thr

70

Gly

Cys

Cys

Ala

Ala

150

Gly

Ala

Ala

Ala

Thr

Ala

Gly

55

Ala

Gly

Thr

Gly

Cys

135

Gly

Ala

Gly

Gly

280

Gly

Gly

Thr

40

Cys

Cys

Cys

Thr

Gly

120

Ala

Ala

Cys

Thr

Ala

Gly

Cys

25

Cys

Cys

Cys

Ala

Cys

105

Thr

Thr

Gly

Ala

Thr

185

Gly

Cys

Thr

Thr

Ala

Thr

Gly

20

Ala

Thr

Cys

Thr

Gly

170

Cys

Cys

Cys

Gly

Gly

Cys

Gly

Gly

Ala

Thr

Thr

Thr

155

Cys

Ala

Thr

Cys

Cys

Cys

Cys

60

Thr

Ala

Cys

Cys

Ala

140

Cys

Gly

Gly

Gly

Ala

Thr

Cys

Cys

Thr

Ala

Gly

Thr

125

Cys

Gly

Ala

Ala

Gly

270

Thr

Gly

30

Cys

Cys

Thr

Thr

Gly

110

Gly

Ala

Cys

Cys

Gly

190

Gly

Cys

Thr

Thr

Cys

Cys

Gly

95

Cys

Gly

Ala

Cys

Gly

175

Cys

Cys

Gly

Thr

Gly

Gly

Ala

80

Cys

Ala

Ala

Cys

Ala

160

Thr

Cys

Ala



Gly

Cys

225

Gly

Ala

Cys

Ala

Gly

305

Gly

Ala

Cys

Cys

Thr

385

Thr

Cys

Cys

Gly

Cys
465

Ala

210

Thr

Ala

Gly

Cys

Ala

290

Cys

Ala

Gly

Cys

Cys

370

Thr

Gly

Gly

Gly

Cys

450

Gly

195

Cys

Gly

Cys

Cys

Gly

275

Thr

Cys

Gly

Ala

Ala

355

Thr

Gly

Ala

Gly

Gly

435

Cys

Gly

Cys

Gly

Ala

Gly

260

Gly

Thr

Cys

Ala

Gly

340

Gly

Gly

Cys

Cys

Cys

420

Thr

Ala

Cys

Thr

Ala

Thr

245

Gly

Ala

Ala

Cys

Ala

325

Thr

Cys

Cys

Thr

Cys

405

Thr

Gly

Gly

Gly

Gly

Ala

230

Cys

Gly

Thr

Cys

Ala

310

Gly

Gly

Ala

Ala

Thr

390

Gly

Cys

Gly

Gly

Thr
470

Cys

215

Cys

Cys

Cys

Gly

Gly

295

Thr

Ala

Ala

Ala

Gly

375

Gly

Ala

Thr

Thr

Ala

455

Gly

200

Cys

Ala

Thr

Cys

Thr

280

Ala

Gly

Gly

Ala

Gly

360

Cys

Thr

Cys

Ala

Thr

440

Ala

Gly

Gly

Gly

Gly

Gly

265

Gly

Gly

Ala

Thr

Cys

345

Ala

Ala

Cys

Thr

Thr

425

Cys

Gly

Thr

Cys

Cys

Gly

250

Thr

Cys

Cys

Cys

Gly

330

Gly

Ala

Cys

Thr

Thr

410

Cys

Cys

Ala

Gly

Cys

Cys

235

Ala

Gly

Ala

Thr

Cys

315

Cys

Thr

Gly

Cys

Gly

395

Cys

Cys

Thr

Gly

Thr
475

Gly

220

Ala

Ala

Cys

Gly

Gly

300

Cys

Ala

Gly

Gly

Ala

380

Cys

Thr

Ala

Gly

Ala

460

Cys

205

Ala

Gly

Gly

Cys

Ala

285

Gly

Thr

Gly

Thr

Gly

365

Cys

Cys

Ala

Ala

Ala

445

Cys

Cys

Gly

Ala

Ala

Cys

270

Cys

Gly

Gly

Cys

Cys

350

Cys

Ala

Ala

Cys

Gly

430

Ala

Ala

Ala

Thr

Ala

Gly

255

Gly

Ala

Ala

Cys

Cys

335

Cys

Cys

Ala

Cys

Cys

415

Thr

Cys

Gly

Cys

Ala

Gly

240

Ala

Ala

Cys

Gly

Ala

320

Cys

Cys

Cys

Cys

Gly

400

Cys

Gly

Gly

Cys

Cys
480



Ala

Gly

Gly

Gly

Ala

545

Cys

Ala

Cys

Gly

Ala

625

Gly

Gly

Thr

Ala

Cys

705

Ala

Gly

Ala

Cys

Ala

Ala

530

Gly

Thr

Cys

Cys

Ala

610

Gly

Cys

Gly

Thr

Cys

690

Cys

Gly

Ala

Cys

Gly

Thr

515

Ala

Gly

Gly

Cys

Gly

595

Ala

Cys

Gly

Ala

Cys

675

Ala

Gly

Ala

Cys

Cys

Ala

500

Cys

Ala

Gly

Thr

Ala

580

Thr

Gly

Gly

Gly

Ala

660

Cys

Cys

Gly

Cys

Thr
740

Thr

485

Cys

Cys

Thr

Cys

Cys

565

Gly

Gly

Gly

Cys

Cys

645

Ala

Thr

Cys

Gly

Ala

725

Gly

Gly

Thr

Thr

Gly

Gly

550

Ala

Cys

Ala

Cys

Cys

630

Gly

Thr

Gly

Gly

Thr

710

Gly

Cys

Ala

Gly

Cys

Ala

535

Ala

Gly

Cys

Cys

Cys

615

Ala

Gly

Cys

Gly

Cys

695

Gly

Ala

Gly

Thr

Gly

Gly

520

Cys

Cys

Gly

Thr

Cys

600

Cys

Gly

Ala

Gly

Ala

680

Cys

Gly

Gly

Gly

Cys

Ala

505

Thr

Cys

Gly

Thr

Gly

585

Gly

Ala

Ala

Gly

Ala

665

Ala

Cys

Cys

Ala

Ala
745

Ala

490

Cys

Gly

Cys

Thr

Gly

570

Gly

Thr

Gly

Ala

Gly

650

Gly

Ala

Thr

Cys

Gly

730

Ala

Gly

Cys

Ala

Cys

Gly

555

Gly

Ala

Gly

Ala

Gly

635

Cys

Gly

Gly

Gly

Gly

715

Thr

Cys

Ala

Thr

Thr

Cys

540

Thr

Ala

Cys

Gly

Gly

620

Cys

Ala

Cys

Ala

Gly

700

Ala

Gly

Cys

Ala

Thr

Gly

525

Cys

Ala

Ala

Ala

Ala

605

Cys

Ala

Gly

Cys

Gly

685

Ala

Gly

Cys

Gly

Ala

Cys

510

Cys

Ala

Cys

Cys

Gly

590

Ala

Gly

Ala

Cys

Gly

670

Ala

Ala

Cys

Ala

Gly
750

Cys

495

Cys

Thr

Gly

Ala

Ala

575

Cys

Thr

Ala

Ala

Cys

655

Cys

Gly

Ala

Thr

Gly

735

Gly

Gly

Ala

Gly

Cys

Cys

560

Cys

Cys

Gly

Thr

Gly

640

Thr

Cys

Ala

Cys

Gly

720

Ala

Thr



Gly

Ala

Gly

785

Cys

Thr

Thr

Ala

Thr

Gly

770

Ala

Gly

Thr

Ala

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Cys

755

Ala

Gly

Gly

Thr

Gly

835

240
282
PRT

Cys

Thr

Gly

Cys

Gly

820

Ala

Cys

Ala

Cys

Thr

805

Ala

Gly

Ala

Thr

Gly

790

Thr

Gly

Thr

Gly

Gly

775

Gly

Gly

Gly

Gly

Artificial Sequence

synthetic construct

240

Met Met Arg Pro

1

Ala

Tyr

Arg

Val

65

Asp

Asn

Arg

Arg

Ala

Glu

50

Thr

Ile

Tyr

Val

Ala

Phe

35

Glu

Glu

Leu

Glu

Asn
115

Thr
20

Asn

Phe

Leu

Glu

Leu

100

Val

Ile

Pro

Gly

Ala

Gly

Glu

85

Gly

Ser

Val

Glu

Thr

Arg

Arg

Lys

Gly

Pro

Leu

Asn

Gln

Phe

55

Pro

Arg

Pro

Ser

Thr

760

Gly

Cys

Ala

Cys

Gly
840

Val

Tyr

Arg

40

Asp

Ala

Ala

Met

Lys
120

Ala

Cys

Ala

Ala

Cys

825

Cys

Leu

Leu

25

Phe

Ser

Ala

Val

Thr

105

Lys

Cys

Cys

Ala

Cys

810

Cys

Ala

Leu

10

Phe

Leu

Asp

Glu

Pro

90

Leu

Gly

Cys

Cys

Ala

795

Gly

Ala

Cys

Phe

Gln

Glu

Val

Tyr

Asp

Gln

Pro

Gly

Thr

780

Gly

Ala

Gly

Gly

Ala

Gly

Arg

Gly

60

Trp

Arg

Arg

Leu

Gly

765

Cys

Gly

Cys

Ala

Ala
845

Thr

Arg

Tyr

Glu

Asn

Met

Arg

Gln
125

Ala

Thr

Gly

Ala

Ala

830

Gly

Ser

Gln

30

Ile

Phe

Ser

Cys

Val

110

His

Cys

Gly

Thr

Thr

815

Gly

Thr

Ala

15

Glu

Tyr

Arg

Gln

Arg

95

Gln

His

Cys

Gly

Cys

800

Thr

Ala

Gly

Leu

Cys

Asn

Ala

Lys

80

His

Pro

Asn



Trp Leu
130

Arg Trp
145

Asn Leu

Glu Met

Thr Ser

Ser Ala
210

Phe Leu
225

Arg Gln

Arg Tyr

Phe Glu

<210>
<211>
212>
<213>

<220>
<223>

<400>
Ala Thr
1

Thr Gly

Cys Gly

Gly Cys

50

Ala Gly

Val

Phe

Ile

Thr

Leu

195

Arg

Glu

Arg

Gly

Ala

275

241
849
PRT

Cys

Leu

Arg

Pro

180

Asp

Ser

Arg

Val

Pro

260

Gln

His

Asn

Asn

165

Gln

Ser

Lys

Glu

Gln

245

Leu

Lys

Val

Gly

150

Gly

Gln

Pro

Gly

Asn

230

Arg

Gly

Ile

Thr

135

Gln

Asp

Gly

Val

Gly

215

Thr

Leu

Gly

Glu

Artificial Sequence

synthetic construct

241

Gly

Cys

Cys

35

Cys

Ala

Ala

Thr Gly Ala

5

Asp

Glu

Trp

Asp

Thr

200

Gly

Ala

Arg

Gly

Trp
280

Gly

Thr Gly Gly Thr Gly

20

Cys

Ala

Ala

Ala Cys Ala

Thr
40

Gly Ala Gly Cys

55

Cys Thr Ala

Cys

Phe

Glu

Thr

Val

185

Val

Gly

Leu

Asn

Lys

265

His

Gly

Cys

25

Cys

Cys

Cys

Tyr

Thr

Phe

170

Tyr

Glu

Ser

Glu

Arg

250

Gly

Glu

Cys

10

Thr

Thr

Ala

Thr

Pro

Ala

155

Gln

Thr

Trp

Leu

Thr

235

Val

Ser

Cys

Gly

Gly

Cys

Gly

Gly

140

Gly

Ile

Cys

Lys

Glu

220

Arg

Ser

Gly

Cys

Cys

Cys

Cys

60

Thr

Ser

Val

Leu

Gln

Ala

205

Ile

Val

Gln

Leu

Ala

Thr

Cys

45

Cys

Thr

Ile

Met

Val

Val

190

Gln

Glu

Ala

Tyr

Asn
270

Thr

Gly

30

Cys

Cys

Thr

Gln

Ser

Met

175

Glu

Ser

Ala

Glu

Arg

255

Asp

Cys

15

Thr

Thr

Cys

Cys

Val

Thr

160

Leu

His

Asp

Ala

Leu

240

Thr

Ile

Gly

Thr

Gly

Gly

Ala



65

Gly

Thr

Cys

Ala

Cys

145

Gly

Gly

Gly

Gly

Cys

225

Gly

Ala

Cys

Ala

Gly

305

Gly

Ala

Gly

Ala

Cys

Cys

130

Gly

Ala

Gly

Thr

Ala

210

Thr

Ala

Gly

Cys

Ala

290

Cys

Ala

Gly

Gly

Cys

Cys

115

Gly

Gly

Thr

Gly

Gly

195

Cys

Gly

Cys

Cys

Gly

275

Thr

Cys

Gly

Ala

Cys

Gly

100

Ala

Gly

Gly

Thr

Cys

180

Ala

Cys

Gly

Ala

Gly

260

Gly

Thr

Cys

Ala

Gly
340

Cys

85

Cys

Gly

Thr

Ala

Cys

165

Gly

Cys

Thr

Ala

Thr

245

Gly

Ala

Ala

Cys

Ala

325

Thr

70

Gly

Cys

Cys

Ala

Ala

150

Gly

Ala

Ala

Gly

Ala

230

Cys

Gly

Thr

Cys

Ala

310

Gly

Gly

Gly

Thr

Gly

Cys

135

Gly

Ala

Gly

Gly

Cys

215

Cys

Cys

Cys

Gly

Gly

295

Thr

Ala

Ala

Cys

Thr

Gly

120

Ala

Ala

Cys

Thr

Ala

200

Cys

Ala

Thr

Cys

Thr

280

Ala

Gly

Gly

Ala

Ala

Cys

105

Thr

Thr

Gly

Ala

Thr

185

Gly

Gly

Gly

Gly

Gly

265

Gly

Gly

Ala

Thr

Cys
345

Gly

90

Ala

Thr

Cys

Thr

Gly

170

Cys

Cys

Cys

Cys

Gly

250

Thr

Cys

Cys

Cys

Gly

330

Gly

75

Gly

Ala

Thr

Thr

Thr

155

Cys

Ala

Thr

Cys

Cys

235

Ala

Gly

Ala

Thr

Cys

315

Cys

Thr

Ala

Cys

Cys

Ala

140

Cys

Gly

Gly

Gly

Gly

220

Ala

Ala

Cys

Gly

Gly

300

Cys

Ala

Gly

Ala

Gly

Thr

125

Cys

Gly

Ala

Ala

Gly

205

Ala

Gly

Gly

Cys

Ala

285

Gly

Thr

Gly

Thr

Thr

Gly

110

Gly

Ala

Cys

Cys

Gly

190

Gly

Gly

Ala

Ala

Cys

270

Cys

Gly

Gly

Cys

Cys
350

Gly

95

Cys

Gly

Ala

Cys

Gly

175

Cys

Cys

Thr

Ala

Gly

255

Gly

Ala

Ala

Cys

Cys

335

Cys

80

Cys

Ala

Ala

Cys

Ala

160

Thr

Cys

Ala

Ala

Gly

240

Ala

Ala

Cys

Gly

Ala

320

Cys

Cys



Cys

Cys

Thr

385

Thr

Cys

Cys

Gly

Cys

465

Ala

Gly

Gly

Gly

Ala

545

Cys

Ala

Cys

Gly

Cys

Cys

370

Gly

Gly

Gly

Gly

Cys

450

Gly

Ala

Cys

Ala

Ala

530

Gly

Thr

Cys

Cys

Ala
610

Ala

355

Thr

Gly

Ala

Gly

Gly

435

Cys

Gly

Cys

Gly

Thr

515

Ala

Gly

Gly

Cys

Gly

595

Ala

Gly

Gly

Cys

Cys

Cys

420

Thr

Ala

Cys

Cys

Ala

500

Cys

Ala

Gly

Thr

Ala

580

Thr

Gly

Cys

Cys

Thr

Cys

405

Thr

Gly

Gly

Gly

Thr

485

Cys

Cys

Thr

Cys

Cys

565

Gly

Gly

Gly

Ala

Ala

Thr

390

Gly

Cys

Gly

Gly

Thr

470

Gly

Thr

Thr

Gly

Gly

550

Ala

Cys

Ala

Cys

Ala

Gly

375

Gly

Ala

Thr

Thr

Ala

455

Gly

Ala

Gly

Cys

Ala

535

Ala

Gly

Cys

Cys

Cys
615

Gly

360

Cys

Thr

Cys

Ala

Thr

440

Ala

Ala

Thr

Gly

Gly

520

Cys

Cys

Gly

Thr

Cys

600

Cys

Ala

Ala

Cys

Thr

Thr

425

Cys

Gly

Thr

Cys

Ala

505

Thr

Cys

Gly

Thr

Gly

585

Gly

Ala

Ala

Cys

Thr

Thr

410

Cys

Cys

Ala

Gly

Ala

490

Cys

Gly

Cys

Thr

Gly

570

Gly

Thr

Gly

Gly

Cys

Gly

395

Cys

Cys

Thr

Gly

Thr

475

Gly

Cys

Ala

Cys

Gly

555

Gly

Ala

Gly

Ala

Gly

Ala

380

Cys

Thr

Ala

Gly

Ala

460

Cys

Ala

Thr

Thr

Cys

540

Thr

Ala

Cys

Gly

Gly
620

Gly

365

Cys

Cys

Ala

Ala

Ala

445

Cys

Cys

Ala

Thr

Gly

525

Cys

Ala

Ala

Ala

Ala

605

Cys

Cys

Ala

Ala

Cys

Gly

430

Ala

Ala

Ala

Ala

Cys

510

Cys

Ala

Cys

Cys

Gly

590

Ala

Gly

Cys

Ala

Cys

Cys

415

Thr

Cys

Gly

Cys

Cys

495

Cys

Thr

Gly

Ala

Ala

575

Cys

Thr

Ala

Cys

Cys

Gly

400

Cys

Gly

Gly

Cys

Cys

480

Gly

Ala

Gly

Cys

Cys

560

Cys

Cys

Gly

Thr



Ala

625

Gly

Gly

Thr

Ala

Cys

705

Ala

Gly

Gly

Ala

Gly

785

Cys

Thr

Thr

Ala

Gly

Cys

Gly

Thr

Cys

690

Cys

Gly

Ala

Thr

Gly

770

Ala

Gly

Thr

Ala

<210>
<211>
<212>
<213>

<220>
<223>

Cys

Gly

Ala

Cys

675

Ala

Gly

Ala

Cys

Cys

755

Ala

Gly

Gly

Thr

Gly

835

242
273
PRT

Gly

Gly

Ala

660

Cys

Cys

Gly

Cys

Thr

740

Cys

Thr

Gly

Cys

Gly

820

Ala

Cys

Cys

645

Ala

Thr

Cys

Gly

Ala

725

Gly

Cys

Ala

Cys

Thr

805

Ala

Gly

Cys

630

Gly

Thr

Gly

Gly

Thr

710

Gly

Cys

Ala

Thr

Gly

790

Thr

Gly

Thr

Ala

Gly

Cys

Gly

Cys

695

Gly

Ala

Gly

Gly

Gly

775

Gly

Gly

Gly

Gly

Artificial Sequence

synthetic construct

Gly

Ala

Gly

Ala

680

Cys

Gly

Gly

Gly

Thr

760

Gly

Cys

Ala

Cys

Gly
840

Ala

Gly

Ala

665

Ala

Cys

Cys

Ala

Ala

745

Ala

Cys

Ala

Ala

Cys

825

Cys

Ala

Gly

650

Gly

Ala

Thr

Cys

Gly

730

Ala

Cys

Cys

Ala

Cys

810

Cys

Ala

Gly

635

Cys

Gly

Gly

Gly

Gly

715

Thr

Cys

Cys

Cys

Ala

795

Gly

Ala

Cys

Cys

Ala

Cys

Ala

Gly

700

Ala

Gly

Cys

Gly

Thr

780

Gly

Ala

Gly

Gly

Ala

Gly

Cys

Gly

685

Ala

Gly

Cys

Gly

Gly

765

Cys

Gly

Cys

Ala

Ala
845

Ala

Cys

Gly

670

Ala

Ala

Cys

Ala

Gly

750

Ala

Thr

Gly

Ala

Ala

830

Gly

Ala

Cys

655

Cys

Gly

Ala

Thr

Gly

735

Gly

Cys

Gly

Thr

Thr

815

Gly

Thr

Gly

640

Thr

Cys

Ala

Cys

Gly

720

Ala

Thr

Cys

Gly

Cys

800

Thr

Ala

Gly



<400>

242

Met Met Arg Pro

1

Ala

His

Phe

Phe

65

Ala

Thr

Pro

Phe

Val

145

Ser

Phe

Lys

Thr

Arg

225

Gln

Leu

Ile

Arg

Tyr

50

Gly

Ile

Gln

Val

Phe

130

Thr

Phe

Tyr

His

Gly

210

Asn

Arg

Gly

Lys

Pro

35

Val

Gln

Leu

Ala

Glu

115

Pro

Glu

His

Asp

Trp

195

Gly

Thr

Leu

Gly

Ala

20

Thr

Asp

Ala

Asn

Thr

100

Leu

Pro

Gly

Lys

Cys

180

Glu

Gly

Ala

Glu

Gly
260

Ile

Asp

Gly

Leu

Phe

Asn

85

Asn

Gly

Val

Val

Phe

165

Arg

Ala

Gly

Leu

Asn

245

Lys

Val

His

Glu

Asp

Ser

70

Asn

Asp

Gln

Leu

Ala

150

His

Val

Gln

Ser

Arg

230

Glu

Gly

Leu

Val

Phe

Lys

55

Phe

Leu

Pro

Pro

Asn

135

Glu

Tyr

Glu

Glu

Leu

215

Thr

Val

Ser

Val

Ser

Met

40

Lys

Glu

Asn

Pro

Asn

120

Val

Ser

Leu

His

Pro

200

Glu

Glu

Ser

His

Leu

Thr

25

Phe

Glu

Ala

Thr

Glu

105

Thr

Thr

Leu

Thr

Trp

185

Ile

Ile

Val

Gln

His
265

Leu

10

Tyr

Glu

Thr

Gln

Leu

920

Val

Leu

Trp

Phe

Phe

170

Gly

Gln

Arg

Ala

Tyr

250

His

Phe

Ala

Phe

Val

Gly

75

Ile

Thr

Ile

Leu

Leu

155

Val

Leu

Met

Ala

Glu

235

Glu

His

Ala

Ala

Asp

Trp

60

Gly

Gln

Val

Cys

Cys

140

Pro

Pro

Asp

Pro

Ala

220

Leu

Thr

His

Thr

Phe

Glu

45

His

Leu

Arg

Phe

His

125

Asn

Arg

Ser

Gln

Glu

205

Phe

Glu

Arg

His

Ser

Val

30

Asp

Leu

Ala

Ser

Pro

110

Ile

Gly

Thr

Ala

Pro

190

Thr

Leu

Gln

Tyr

His
270

Ala

15

Gln

Glu

Glu

Asn

Asn

95

Lys

Asp

Glu

Asp

Glu

175

Leu

Thr

Arg

Glu

Gly

255

His

Leu

Thr

Met

Glu

Ile

80

His

Glu

Lys

Leu

Tyr

160

Asp

Leu

Glu

Gln

Val

240

Pro

His



His

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Ala

1

Thr

Cys

Gly

Ala

65

Cys

Cys

Ala

Cys

Thr

145

Ala

Gly

Thr

Gly

Thr

Gly

Gly

Cys

50

Cys

Gly

Ala

Gly

Gly

130

Thr

Cys

Thr

Thr

Cys
210

243
822
PRT

Artificial Sequence

synthetic construct

243

Gly

Cys

Cys

Cys

Gly

Cys

Cys

Thr

115

Ala

Cys

Ala

Gly

Cys

195

Thr

Ala

Thr

20

Cys

Ala

Thr

Cys

Ala

100

Thr

Cys

Thr

Ala

Gly

180

Gly

Thr

Thr

Gly

Ala

Thr

Gly

Thr

85

Gly

Cys

Gly

Ala

Gly

165

Cys

Gly

Thr

Gly

Gly

Cys

Cys

Thr

70

Thr

Ala

Ala

Ala

Cys

150

Ala

Ala

Cys

Gly

Ala

Thr

Ala

Ala

55

Cys

Cys

Cys

Thr

Gly

135

Gly

Ala

Cys

Cys

Ala
215

Gly

Gly

Thr

40

Ala

Cys

Gly

Cys

Gly

120

Gly

Thr

Ala

Cys

Ala

200

Gly

Gly

Cys

25

Cys

Gly

Ala

Thr

Cys

105

Thr

Ala

Gly

Gly

Thr

185

Gly

Gly

Cys

10

Thr

Thr

Gly

Cys

Gly

90

Ala

Thr

Cys

Gly

Ala

170

Gly

Gly

Cys

Cys

Gly

Gly

Cys

Ala

75

Cys

Cys

Cys

Gly

Ala

155

Ala

Gly

Cys

Cys

Cys

Cys

Cys

Cys

60

Thr

Ala

Cys

Gly

Ala

140

Cys

Ala

Ala

Cys

Cys
220

Ala

Thr

Cys

Gly

Ala

Gly

Gly

Ala

125

Gly

Cys

Cys

Ala

Thr

205

Ala

Thr

Gly

30

Cys

Ala

Cys

Ala

Gly

110

Gly

Ala

Thr

Cys

Gly

190

Thr

Gly

Cys

15

Thr

Thr

Cys

Gly

Cys

95

Cys

Thr

Thr

Gly

Gly

175

Ala

Cys

Gly

Gly

Thr

Gly

Cys

Cys

80

Cys

Gly

Thr

Gly

Gly

160

Thr

Gly

Ala

Gly



Cys

225

Gly

Ala

Cys

Ala

Ala

305

Cys

Cys

Ala

Cys

Thr

385

Thr

Gly

Gly

Cys

Gly

465

Ala

Gly

Cys

Cys

Cys

Cys

290

Thr

Gly

Cys

Gly

Thr

370

Thr

Gly

Thr

Thr

Cys

450

Cys

Gly

Gly

Cys

Cys

Ala

275

Cys

Cys

Thr

Cys

Cys

355

Gly

Cys

Ala

Gly

Gly

435

Gly

Cys

Cys

Ala

Ala

Thr

260

Gly

Cys

Cys

Gly

Gly

340

Cys

Cys

Thr

Ala

Cys

420

Ala

Ala

Cys

Thr

Cys

Thr

245

Gly

Cys

Ala

Cys

Thr

325

Thr

Cys

Cys

Thr

Cys

405

Ala

Cys

Gly

Ala

Thr
485

Thr

230

Cys

Ala

Gly

Gly

Cys

310

Thr

Gly

Ala

Ala

Cys

390

Gly

Ala

Ala

Thr

Gly

470

Cys

Gly

Cys

Ala

Gly

Gly

295

Cys

Cys

Gly

Ala

Cys

375

Cys

Thr

Thr

Gly

Cys

455

Ala

Cys

Gly

Thr

Cys

Ala

280

Cys

Cys

Cys

Ala

Thr

360

Ala

Cys

Gly

Gly

Ala

440

Thr

Ala

Ala

Cys

Gly

Ala

265

Gly

Cys

Gly

Cys

Ala

345

Ala

Thr

Cys

Ala

Gly

425

Gly

Cys

Cys

Cys

Cys

Ala

250

Cys

Cys

Ala

Ala

Cys

330

Cys

Cys

Cys

Cys

Cys

410

Cys

Gly

Thr

Cys

Ala
490

Ala

235

Ala

Cys

Ala

Cys

Ala

315

Ala

Thr

Cys

Gly

Cys

395

Cys

Gly

Gly

Gly

Gly

475

Ala

Ala

Cys

Cys

Ala

Cys

300

Gly

Ala

Gly

Cys

Ala

380

Cys

Thr

Ala

Cys

Thr

460

Ala

Gly

Thr

Ala

Thr

Cys

285

Ala

Thr

Ala

Gly

Thr

365

Cys

Gly

Gly

Gly

Gly

445

Thr

Cys

Thr

Ala

Ala

Gly

270

Cys

Ala

Gly

Gly

Gly

350

Gly

Ala

Thr

Gly

Cys

430

Thr

Cys

Thr

Thr

Thr

Cys

255

Ala

Ala

Cys

Ala

Ala

335

Cys

Ala

Ala

Gly

Cys

415

Thr

Gly

Cys

Ala

Cys
495

Cys

240

Ala

Thr

Cys

Gly

Cys

320

Ala

Cys

Thr

Gly

Cys

400

Thr

Cys

Gly

Thr

Cys

480

Cys



Ala

Gly

Thr

Thr

545

Gly

Ala

Ala

Gly

Ala

625

Gly

Cys

Ala

Gly

Gly

705

Cys

Ala

Gly

Cys

Cys

Thr

530

Gly

Gly

Ala

Gly

Cys

610

Cys

Cys

Gly

Gly

Ala

690

Cys

Ala

Gly

Ala

Thr

Cys

515

Cys

Gly

Ala

Ala

Gly

595

Cys

Ala

Cys

Cys

Ala

675

Ala

Thr

Gly

Gly

Cys
755

Ala

500

Cys

Thr

Ala

Cys

Cys

580

Ala

Cys

Gly

Thr

Cys

660

Ala

Cys

Gly

Cys

Thr

740

Ala

Cys

Ala

Ala

Ala

Cys

565

Ala

Ala

Gly

Gly

Gly

645

Thr

Ala

Cys

Gly

Gly

725

Gly

Ala

Cys

Gly

Cys

Cys

550

Ala

Thr

Cys

Ala

Cys

630

Gly

Thr

Cys

Gly

Ala

710

Gly

Thr

Gly

Thr

Cys

Gly

535

Ala

Gly

Thr

Cys

Gly

615

Gly

Ala

Cys

Ala

Ala

695

Ala

Cys

Cys

Ala

Gly

Gly

520

Ala

Cys

Cys

Gly

Cys

600

Ala

Gly

Ala

Cys

Cys

680

Ala

Cys

Thr

Cys

Thr
760

Ala

505

Cys

Cys

Thr

Cys

Gly

585

Ala

Cys

Cys

Ala

Thr

665

Cys

Gly

Ala

Gly

Cys

745

Ala

Cys

Cys

Thr

Gly

Cys

570

Gly

Thr

Ala

Gly

Thr

650

Gly

Thr

Gly

Gly

730

Ala

Cys

Cys

Gly

Gly

Gly

555

Cys

Ala

Cys

Ala

Gly

635

Cys

Cys

Cys

Gly

Gly

715

Ala

Gly

Gly

Thr

Ala

Cys

540

Gly

Thr

Ala

Cys

Cys

620

Ala

Ala

Gly

Cys

Gly

700

Ala

Ala

Thr

Gly

Thr

Gly

525

Ala

Gly

Gly

Gly

Ala

605

Cys

Gly

Gly

Gly

Cys

685

Cys

Ala

Ala

Ala

Cys
765

Cys

510

Gly

Gly

Cys

Cys

Cys

590

Gly

Gly

Gly

Ala

Cys

670

Thr

Cys

Gly

Ala

Cys

750

Cys

Gly

Ala

Ala

Cys

Thr

575

Cys

Ala

Ala

Cys

Gly

655

Ala

Gly

Gly

Thr

Cys

735

Gly

Cys

Thr

Cys

Gly

Thr

560

Gly

Cys

Thr

Gly

Ala

640

Cys

Gly

Ala

Ala

Gly

720

Gly

Ala

Thr



Cys Thr Gly Gly

770

Gly Cys Thr Cys

785

Thr Cys Ala Cys

Cys Ala Thr Thr

<210>
<211>
<212>
<213>

<220>
<223>

<400>

244
15
PRT

820

Gly

Thr

Cys

805

Gly

Ala

Cys

790

Ala

Ala

Gly Gly Cys Gly Gly Cys Ala Ala Gly Gly

775

780

Ala Cys Cys Ala Cys Cys Ala Cys Cys Ala

795

800

Thr Cys Ala Thr Cys Ala Thr Cys Ala Cys

Artificial Sequence

synthetic construct

244

810

815

Gly Leu Asn Asp Ile Phe Glu Ala Gln Lys Ile Glu Trp His Glu

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

245
1185
PRT

5

Artificial Sequence

synthetic construct

245

Ala Thr Gly

1

Thr

Thr

Gly

Thr

65

Thr

Thr

Ala

Gly

Gly

Cys

50

Gly

Ala

Gly

Gly

Cys

Cys

35

Cys

Gly

Cys

Thr

Ala

Ala

Thr

20

Cys

Ala

Gly

Ala

Ala

100

Ala

Thr

Gly

Ala

Ala

Cys

Gly

85

Cys

Gly

Gly

Gly

Cys

Gly

Ala

70

Thr

Ala

Ala

Cys

Thr

Ala

Ala

55

Ala

Gly

Gly

Gly

Gly

Gly

Thr

40

Ala

Ala

Gly

Cys

Cys

Gly

Cys

25

Cys

Ala

Ala

Ala

Thr

105

Ala

10

Cys

10

Thr

Thr

Gly

Ala

Ala

90

Thr

Thr

Cys

Gly

Gly

Thr

Ala

75

Cys

Cys

Ala

Cys

Cys

Cys

Gly

60

Gly

Thr

Cys

Cys

Ala

Thr

Cys

45

Gly

Gly

Gly

Cys

Ala

Thr

Gly

30

Cys

Thr

Gly

Ala

Ala

110

Ala

15

Cys

15

Thr

Thr

Gly

Gly

Cys

95

Gly

Thr

Gly

Thr

Gly

Cys

Ala

80

Cys

Ala

Thr



Cys

Ala

145

Thr

Cys

Cys

Ala

Ala

225

Cys

Thr

Thr

Gly

Ala

305

Gly

Cys

Cys

Cys

Cys
385

Cys

130

Ala

Gly

Thr

Cys

Thr

210

Ala

Ala

Gly

Ala

Ala

290

Ala

Gly

Thr

Thr

Cys

370

Ala

115

Ala

Cys

Gly

Thr

Ala

195

Cys

Gly

Ala

Ala

Ala

275

Thr

Gly

Ala

Ala

Gly

355

Ala

Gly

Cys

Cys

Gly

Cys

180

Thr

Gly

Ala

Gly

Thr

260

Gly

Ala

Thr

Gly

Gly

340

Cys

Cys

Ala

Thr

Ala

Ala

165

Thr

Cys

Cys

Ala

Gly

245

Cys

Ala

Cys

Gly

Gly

325

Thr

Cys

Cys

Gly

Gly

Gly

150

Ala

Thr

Cys

Gly

Gly

230

Ala

Ala

Thr

Thr

Gly

310

Ala

Gly

Ala

Thr

Cys
390

Gly

135

Ala

Ala

Ala

Ala

Cys

215

Cys

Ala

Thr

Ala

Thr

295

Ala

Gly

Thr

Ala

Gly

375

Cys

120

Ala

Thr

Thr

Ala

Ala

200

Thr

Cys

Ala

Cys

Gly

280

Ala

Gly

Gly

Thr

Cys

360

Cys

Thr

Ala

Ala

Cys

Cys

185

Gly

Gly

Thr

Cys

Ala

265

Ala

Cys

Gly

Thr

Cys

345

Thr

Thr

Gly

Ala

Ala

Ala

170

Thr

Cys

Ala

Thr

Thr

250

Ala

Ala

Ala

Ala

Gly

330

Gly

Cys

Thr

Ala

Ala

Ala

155

Gly

Ala

Thr

Cys

Thr

235

Thr

Gly

Gly

Thr

Cys

315

Cys

Gly

Thr

Cys

Cys
395

Ala

140

Gly

Gly

Ala

Gly

Thr

220

Gly

Thr

Ala

Ala

Cys

300

Cys

Ala

Ala

Gly

Ala

380

Cys

125

Cys

Ala

Gly

Ala

Ala

205

Cys

Gly

Cys

Ala

Cys

285

Thr

Ala

Ala

Thr

Ala

365

Gly

Cys

Thr

Thr

Cys

Gly

190

Ala

Ala

Gly

Cys

Thr

270

Thr

Gly

Gly

Thr

Thr

350

Cys

Gly

Thr

Cys

Thr

Thr

175

Gly

Thr

Ala

Ala

Cys

255

Cys

Cys

Thr

Ala

Thr

335

Gly

Ala

Gly

Gly

Cys

Cys

160

Cys

Thr

Gly

Gly

Cys

240

Cys

Thr

Ala

Gly

Ala

320

Gly

Ala

Cys

Gly

Ala
400



Cys

Thr

Gly

Cys

Ala

465

Cys

Thr

Thr

Ala

Ala

545

Cys

Gly

Ala

Cys

Gly

625

Cys

Thr

Cys

Gly

Thr

Ala

450

Cys

Thr

Gly

Gly

Cys

530

Gly

Ala

Thr

Gly

Thr

610

Ala

Cys

Ala

Thr

Gly

Gly

435

Ala

Ala

Cys

Gly

Gly

515

Thr

Ala

Ala

Gly

Gly

595

Ala

Ala

Thr

Cys

Thr

Thr

420

Cys

Gly

Gly

Thr

Ala

500

Cys

Gly

Ala

Ala

Cys

580

Cys

Thr

Cys

Thr

Ala
660

Gly

405

Ala

Ala

Gly

Gly

Cys

485

Gly

Ala

Thr

Gly

Ala

565

Thr

Cys

Ala

Ala

Cys

645

Gly

Gly

Gly

Ala

Gly

Gly

470

Cys

Cys

Cys

Cys

Ala

550

Thr

Ala

Thr

Ala

Gly

630

Cys

Thr

Ala

Thr

Thr

Gly

455

Gly

Gly

Thr

Cys

Thr

535

Ala

Ala

Gly

Cys

Gly

615

Gly

Cys

Thr

Gly

Ala

Gly

440

Thr

Gly

Thr

Cys

Thr

520

Thr

Gly

Gly

Cys

Cys

600

Ala

Thr

Ala

Gly

Ala

Gly

425

Thr

Ala

Gly

Gly

Cys

505

Gly

Gly

Gly

Ala

Thr

585

Ala

Ala

Gly

Cys

Ala
665

Gly

410

Cys

Ala

Ala

Gly

Thr

490

Ala

Gly

Cys

Thr

Cys

570

Thr

Gly

Ala

Gly

Thr

650

Ala

Cys

Cys

Gly

Ala

Ala

475

Cys

Gly

Ala

Ala

Gly

555

Ala

Thr

Cys

Gly

Ala

635

Cys

Ala

Cys

Cys

Gly

Ala

460

Ala

Thr

Gly

Cys

Gly

540

Gly

Thr

Cys

Ala

Ala

620

Gly

Gly

Ala

Cys

Cys

Ala

445

Ala

Gly

Cys

Ala

Ala

525

Ala

Ala

Cys

Cys

Thr

605

Gly

Thr

Cys

Gly

Cys

Thr

430

Gly

Cys

Ala

Ala

Thr

510

Thr

Ala

Gly

Gly

Ala

590

Ala

Gly

Thr

Cys

Cys
670

Cys

415

Cys

Thr

Ala

Cys

Gly

495

Ala

Gly

Cys

Thr

Thr

575

Gly

Gly

Gly

Cys

Thr

655

Thr

Cys

Ala

Cys

Thr

Cys

480

Cys

Gly

Cys

Cys

Thr

560

Gly

Ala

Thr

Gly

Thr

640

Thr

Gly



Ala

Thr

Gly

705

Ala

Thr

Gly

Cys

Cys

785

Cys

Cys

Ala

Thr

Cys

865

Ala

Gly

Ala

Gly

Cys

Gly

690

Ala

Ala

Thr

Gly

Gly

770

Thr

Ala

Ala

Gly

Gly

850

Thr

Ala

Thr

Ala

Ala
930

Gly

675

Thr

Gly

Gly

Gly

Ala

755

Gly

Ala

Ala

Cys

Gly

835

Cys

Cys

Gly

Thr

Cys

915

Gly

Gly

Gly

Gly

Thr

Ala

740

Ala

Gly

Ala

Gly

Cys

820

Cys

Thr

Ala

Cys

Gly

900

Cys

Cys

Gly

Gly

Gly

Cys

725

Cys

Gly

Thr

Gly

Ala

805

Thr

Cys

Gly

Cys

Gly

885

Cys

Thr

Cys

Cys

Thr

Cys

710

Thr

Cys

Thr

Thr

Cys

790

Ala

Cys

Thr

Gly

Cys

870

Ala

Ala

Gly

Ala

Ala

Gly

695

Thr

Thr

Thr

Gly

Ala

775

Thr

Gly

Ala

Thr

Cys

855

Cys

Ala

Thr

Gly

Cys
935

Gly

680

Gly

Thr

Gly

Gly

Thr

760

Cys

Cys

Cys

Cys

Gly

840

Thr

Thr

Ala

Cys

Thr

920

Thr

Thr

Cys

Cys

Gly

Ala

745

Cys

Cys

Cys

Thr

Cys

825

Cys

Cys

Gly

Ala

Ala

905

Gly

Cys

Gly

Ala

Cys

Ala

730

Ala

Thr

Cys

Ala

Cys

810

Cys

Cys

Thr

Gly

Cys

890

Gly

Ala

Gly

Gly

Thr

715

Thr

Gly

Gly

Ala

Gly

795

Cys

Thr

Thr

Gly

Cys

875

Ala

Gly

Thr

Gly

Cys

Gly

700

Cys

Cys

Ala

Thr

Gly

780

Ala

Cys

Gly

Cys

Gly

860

Cys

Gly

Ala

Gly

Cys
940

Gly

685

Cys

Cys

Ala

Ala

Ala

765

Gly

Thr

Gly

Cys

Ala

845

Ala

Cys

Gly

Ala

Ala

925

Thr

Ala

Gly

Thr

Cys

Cys

750

Ala

Ala

Gly

Cys

Cys

830

Gly

Ala

Thr

Ala

Gly

910

Thr

Cys

Gly

Gly

Cys

Cys

735

Ala

Ala

Cys

Gly

Thr

815

Cys

Thr

Ala

Thr

Ala

895

Thr

Gly

Cys

Cys

Ala

Cys

720

Thr

Ala

Ala

Cys

Gly

800

Cys

Cys

Ala

Cys

Gly

880

Ala

Gly

Ala

Ala



Gly Ala Ala Ala Ala Ala Thr Thr Thr Gly Ala Cys Cys Thr Gly Thr
945 950 955 960

Gly Ala Gly Gly Thr Gly Thr Gly Gly Gly Gly Ala Cys Cys Cys Ala
965 970 975

Cys Cys Thr Cys Cys Cys Cys Thr Ala Ala Gly Cys Thr Gly Ala Thr
980 985 990

Gly Cys Thr Gly Ala Gly Cys Thr Thr Gly Ala Ala Ala Cys Thr Gly
995 1000 1005

Gly Ala Gly Ala Ala Cys Ala Ala Gly Gly Ala Gly Gly Cys Ala
1010 1015 1020

Ala Ala Gly Gly Thr Cys Thr Cys Gly Ala Ala Gly Cys Gly Gly
1025 1030 1035

Gly Ala Gly Ala Ala Gly Gly Cys Gly Gly Thr Gly Thr Gly Gly
1040 1045 1050

Gly Thr Gly Cys Thr Gly Ala Ala Cys Cys Cys Thr Gly Ala Gly
1055 1060 1065

Gly Cys Gly Gly Gly Gly Ala Thr Gly Thr Gly Gly Cys Ala Gly
1070 1075 1080

Thr Gly Thr Cys Thr Gly Cys Thr Gly Ala Gly Thr Gly Ala Cys
1085 1090 1095

Thr Cys Gly Gly Gly Ala Cys Ala Gly Gly Thr Cys Cys Thr Gly
1100 1105 1110

Cys Thr Gly Gly Ala Ala Thr Cys Cys Ala Ala Cys Ala Thr Cys
1115 1120 1125

Ala Ala Gly Gly Thr Thr Cys Thr Gly Cys Cys Cys Ala Cys Ala
1130 1135 1140

Thr Gly Gly Gly Gly Cys Ala Gly Cys Cys Ala Cys Cys Ala Cys
1145 1150 1155

Cys Ala Cys Cys Ala Thr Cys Ala Cys Cys Ala Thr Cys Ala Thr
1160 1165 1170

Cys Ala Thr Cys Ala Cys Cys Ala Thr Thr Gly Ala
1175 1180 1185

<210> 246
<211> 394
<212> PRT
<213> Artificial Sequence



<220>
<223>

<400>

246

Met Met Arg

1

Ala

Cys

Asn

Pro

65

Gln

Asp

Leu

Gln

Val

145

Leu

Thr

Val

Glu

Thr

225

Lys

Lys

Thr

Gln

50

Ser

Gly

Thr

Val

Ser

130

Gln

Ser

Val

Leu

Gln

210

Gly

Ser

Lys

Ala

35

Ile

Lys

Asn

Tyr

Phe

115

Leu

Cys

Val

Leu

Ala

195

Val

Ser

Trp

Pro

Val

20

Ser

Lys

Leu

Phe

Ile

100

Gly

Thr

Arg

Ser

Gln

180

Phe

Glu

Gly

Ile

Ile

Val

Gln

Ile

Asn

Pro

85

Cys

Leu

Leu

Ser

Gln

165

Asn

Gln

Phe

Glu

Thr
245

synthetic construct

Val Leu

Leu Gly

Lys Lys

Leu Gly
55

Asp Arg
70

Leu Ile

Glu val

Thr Ala

Thr Leu
135

Pro Arg
150

Leu Glu

Gln Lys

Lys Ala

Ser Phe
215

Leu Trp
230

Phe Asp

Val

Lys

Ser

40

Asn

Ala

Ile

Glu

Asn

120

Glu

Gly

Leu

Lys

Ser

200

Pro

Trp

Leu

Leu

Lys

25

Ile

Gln

Asp

Lys

Asp

105

Ser

Ser

Lys

Gln

Val

185

Ser

Leu

Gln

Lys

Leu

10

Gly

Gln

Gly

Ser

Asn

920

Gln

Asp

Pro

Asn

Asp

170

Glu

Ile

Ala

Ala

Asn
250

Phe

Asp

Phe

Ser

Arg

75

Leu

Lys

Thr

Pro

Ile

155

Ser

Phe

Val

Phe

Glu

235

Lys

Ala

Thr

His

Phe

60

Arg

Lys

Glu

His

Gly

140

Gln

Gly

Lys

Tyr

Thr

220

Arg

Glu

Thr

Val

Trp

45

Leu

Ser

Ile

Glu

Leu

125

Ser

Gly

Thr

Ile

Lys

205

Val

Ala

Val

Ser

Glu

30

Lys

Thr

Leu

Glu

Val

110

Leu

Ser

Gly

Trp

Asp

190

Lys

Glu

Ser

Ser

Ala

15

Leu

Asn

Lys

Trp

Asp

95

Gln

Gln

Pro

Lys

Thr

175

Ile

Glu

Lys

Ser

Val
255

Leu

Thr

Ser

Gly

Asp

80

Ser

Leu

Gly

Ser

Thr

160

Cys

Val

Gly

Leu

Ser

240

Lys



Arg

His

Leu

Asn

305

Glu

Glu

Leu

Gln

His
385

Val

Leu

Thr

290

Leu

Val

Asn

Asn

Val

370

His

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Thr

Thr

275

Leu

Val

Trp

Lys

Pro

355

Leu

His

247
17
PRT

Gln

260

Leu

Ala

Val

Gly

Glu

340

Glu

Leu

His

Asp

Pro

Leu

Met

Pro

325

Ala

Ala

Glu

His

Pro

Gln

Glu

Arg

310

Thr

Lys

Gly

Ser

His
390

Lys

Ala

Ala

295

Ala

Ser

Val

Met

Asn

375

His

Artificial Sequence

synthetic construct

247

Leu

Leu

280

Lys

Thr

Pro

Ser

Trp

360

Ile

His

Gln

265

Pro

Thr

Gln

Lys

Lys

345

Gln

Lys

His

Met

Gln

Gly

Leu

Leu

330

Arg

Cys

Val

His

Gly

Tyr

Lys

Gln

315

Met

Glu

Leu

Leu

Lys

Ala

Leu

300

Lys

Leu

Lys

Leu

Pro
380

Lys

Gly

285

His

Asn

Ser

Ala

Ser

365

Thr

Leu

270

Ser

Gln

Leu

Leu

Val

350

Asp

Trp

Pro

Gly

Glu

Thr

Lys

335

Trp

Ser

Gly

Leu

Asn

Val

Cys

320

Leu

Val

Gly

Ser

Cys Val val Ser Gly Gly Val Asn Gly Gly Ala Thr Asn Lys Leu Ile

1

Phe

<210>
<211>
<212>
<213>

<220>
<223>

<400>

248
15
PRT

5

Artificial Sequence

synthetic construct

248

10

15

Cys Ala Ser Ser Leu Thr Gly Gly Val Ser Tyr Glu Gln Tyr Phe

1

<210>

249

5

10

15



<211> 15
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 249

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

<210> 250

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 250

Cys Ala Ser Ser Leu Gly Thr Gly Gly Thr Gly Glu Leu Phe Phe
1 5 10 15

<210> 251
<211> 16
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 251

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

<210> 252

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 252

Cys Ser Val Gln Gly Gly Leu Asp Ser Asn Tyr Gly Tyr Thr Phe
1 5 10 15

<210> 253

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 253

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



<210> 254

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 254

Cys Ala Ser Ser Leu Gly Thr Gly Gly Thr Gly Glu Leu Phe Phe
1 5 10 15

<210> 255

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 255

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

<210> 256

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 256

Cys Ala Ser Ser Leu Gly Thr Gly Gly Thr Gly Glu Leu Phe Phe
1 5 10 15

<210> 257

<211> 13

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 257

Cys Ala Tyr Arg Ser Asn Asn Phe Asn Lys Phe Tyr Phe
1 5 10

<210> 258

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 258

Cys Ala Ser Ser Leu Asn Thr Gly Ala Gly Tyr Gly Tyr Thr Phe
1 5 10 15



<210> 259

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 259

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

<210> 260

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 260

Cys Ala Ser Ser Leu Gly Thr Gly Gly Thr Gly Glu Leu Phe Phe
1 5 10 15

<210> 261

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 261

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

<210> 262

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 262

Cys Ala Ser Ser Leu Gly Thr Gly Gly Thr Gly Glu Leu Phe Phe
1 5 10 15

<210> 263
<211> 14
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 263

Cys Ala Val Glu Glu Arg Thr Gly Gly Phe Lys Thr Ile Phe
1 5 10



<210> 264

<211> 18

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 264

Cys Ala Ser Ser Leu Pro Ser Gly Gly Ala Pro Gly Thr Gly Glu Leu
1 5 10 15

Phe Phe

<210> 265
<211> 16
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 265

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

<210> 266

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 266

Cys Ser Val Gln Gly Gly Leu Asp Ser Asn Tyr Gly Tyr Thr Phe
1 5 10 15

<210> 267

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 267

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

<210> 268

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct



<400> 268

Cys Ala Ser Ser Leu Gly Thr Gly Gly Thr Gly Glu Leu Phe Phe
1 5 10 15

<210> 269
<211> 16
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 269

Cys Leu Val Gly Asp Leu Gly Ala Asn Ala Gly Asn Met Leu Thr Phe
1 5 10 15

<210> 270

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 270

Cys Ala Ser Ser Ile Ala Thr Thr Asn Thr Gly Glu Leu Phe Phe
1 5 10 15

<210> 271
<211> 16
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 271

Cys Leu Val Gly Asp Leu Gly Ala Asn Ala Gly Asn Met Leu Thr Phe
1 5 10 15

<210> 272

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 272

Cys Ala Ser Ser Leu Glu Thr Gly Thr Asn Tyr Glu Gln Tyr Phe
1 5 10 15

<210> 273

<211> 15

<212> PRT

<213> Artificial Sequence

<220>



<223> synthetic construct
<400> 273

Cys Ala Val Ala Leu Tyr Gly Gly Ala Thr Asn Lys Leu Ile Phe
1 5 10 15

<210> 274
<211> 14
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 274

Cys Ala Ser Ser Leu Asp Ile Gly Asn Asn Glu Gln Phe Phe
1 5 10

<210> 275
<211> 14
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 275

Cys Ala Gly Arg Ser Gly Gly Ser Asn Tyr Lys Leu Thr Phe
1 5 10

<210> 276

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 276

Cys Ala Ser Ser Ile Ala Thr Thr Asn Thr Gly Glu Leu Phe Phe
1 5 10 15

<210> 277
<211> 14
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 277

Cys Ala Gly Arg Ser Gly Gly Ser Asn Tyr Lys Leu Thr Phe
1 5 10

<210> 278

<211> 15

<212> PRT

<213> Artificial Sequence



<220>
<223> synthetic construct

<400> 278

Cys Ala Ser Ser Ile Ala Thr Thr Asn Thr Gly Glu Leu Phe Phe
1 5 10 15

<210> 279
<211> 14
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 279

Cys Ala Gly Arg Ser Gly Gly Ser Asn Tyr Lys Leu Thr Phe
1 5 10

<210> 280

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 280

Cys Ala Ser Ser Ile Ala Thr Thr Asn Thr Gly Glu Leu Phe Phe
1 5 10 15

<210> 281
<211> 14
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 281

Cys Ala Gly Arg Ser Gly Gly Ser Asn Tyr Lys Leu Thr Phe
1 5 10

<210> 282

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 282

Cys Ala Ser Ser Ile Ala Thr Thr Asn Thr Gly Glu Leu Phe Phe
1 5 10 15

<210> 283
<211> 14
<212> PRT
<213> Artificial Sequence



<220>
<223> synthetic construct

<400> 283

Cys Ala Gly Arg Ser Gly Gly Ser Asn Tyr Lys Leu Thr Phe
1 5 10

<210> 284

<211> 15

<212> PRT

<213> Artificial Sequence

<220>
<223> synthetic construct

<400> 284

Cys Ala Ser Ser Ile Ala Thr Thr Asn Thr Gly Glu Leu Phe Phe
1 5 10 15
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