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351 PHE0006171 16491.pep Glyoxalase 70 214 136.8 5.90E-38 
353 PHE0006906 16796.pep Proteasome 10 206 145.9 l.00E-40 
354 PHE0006649 16180.pep AP2 46 110 149.5 8.60E-42 
355 PHE0006809 16390.pep Prismane 1 548 886.8 9.80E-264 
356 PHE0006918 16808.pep SWIM 321 353 42.8 l.I0E-09 
357 PHE0007813_18219.pep MtN3_slv 9 98 79.8 8.50E-21 
357 PHE0007813 18219.pep MtN3 slv 132 218 125.3 l.80E-34 
359 PHE0006825 16405.pep Cytoehrom C552 27 476 1333.6 0 
360 PHE0006964 16864.pep tRNA anti 43 122 55.2 2.lOE-13 
360 PHE0006964 16864.pep tRNA-synt 2 140 557 208.2 l.90E-59 
361 PHE0008105 18407.pep Histone 152 225 69.9 8.40E-18 
361 PHE0008105 18407.pep CBFD NFYB HMF 158 222 77.9 3.lOE-20 
362 PHE0006630 16159.pep Ldh 1 N 90 239 202 l.30E-57 
362 PHE0006630 16159.oeo Ldh 1 C 241 413 258.l l.80E-74 
363 PHE0006966 16868.pep DNA _photolyase 12 183 298.7 l.I0E-86 
363 PHE0006966 16868.pep FAD bindin11: 7 214 492 536.3 3.30E-158 
365 PHE0006608 16123.pep GSHPx 42 150 237.8 2.30E-68 
366 PHE0010462 21459.pep NUDIX 17 159 111.7 2.20E-30 
366 PHE0010462 21459.pep NUDIX 190 322 100.5 4.90E-27 
367 PHE0009211 21774.pep Auxin indueib]e 1 106 149.5 8.80E-42 
368 PHE0006256 8775.pep RPE65 105 591 864.5 5.IOE-257 
369 PHE0006989_16918.pep Pkinase 88 396 224.8 l.90E-64 
370 PHE0007649 18166.pep Ank 108 140 50.4 6.20E-12 
370 PHE0007649_18166.pep Pkinase 196 455 115.1 2.00E-31 
370 PHE0007649 18166.pep Pkinase Tyr 196 455 98.9 l.50E-26 
371 PHE0006708 16264.pep DEAD 57 223 202.7 8.40E-58 
371 PHE0006708 16264.pep Heliease C 291 367 127.8 3.IOE-35 
372 PHE0001117 19094.pep Homeobox 79 133 68.2 2.70E-l 7 
372 PHE0001117 19094.pep HALZ 134 178 66.7 7.20E-l 7 
373 PHE0006266 8814.pep Fe bilin red 16 244 209.5 7.50E-60 
374 PHE0006795 16378.pep Na H antiport 1 4 380 875.9 l.90E-260 
375 PHE0006956 16853.pep Molybdop_ Fe4S4 2 56 92 l.90E-24 
375 PHE0006956 16853.pep Molybdopterin 59 482 377.8 l.60E-110 
375 PHE0006956 16853.pep Molydop binding 578 689 159.8 7.I0E-45 
375 PHE0006956_16853.pep Fer2 BFD 825 877 62 2.00E-15 
377 PHE0006824 16404.pep Globin 14 154 93.4 7.00E-25 
378 PHE0006812 16393.pep Bae _globin 3 118 188.4 l.70E-53 
379 PHE0006815 16396.pep Bae _globin 26 146 191.4 2.lOE-54 
380 PHE0006806 16387.pep Bae _globin 26 146 196.8 5.IOE-56 
381 PHE0006624 16153.pep NAO binding 2 3 178 282.5 7.90E-82 
381 PHE0006624 16153.pep 6PGD 182 473 713.8 l.20E-211 
382 PHE0005006_15823.pep Chloroa b-bind 63 242 241.4 l.90E-69 
384 PHE0006683 16229.pep Response reg 10 151 73.8 5.40E-19 
385 PHE0006884 16703.pep Glyeo transf 5 83 344 462.7 4.80E-136 
385 PHE0006884 16703.pep Glyeos transf 1 384 567 40.2 7.lOE-09 
386 PHE0006691 16237.pep NAO Gly3P dh N 6 ·165 285 l.40E-82 
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386 PHE0006691 16237.pep ApbA 8 169 6.6 0.00011 

386 PHE0006691 16237.pep NAD Glv3P dh C 183 327 289.1 8.20E-84 

387 PHE0006790 16372.pep Rieske 220 317 96.7 7.IOE-26 
387 PHE0006790 16372.pep Pao 408 507 180.7 3.60E-51 

388 PHE0009143 19932.pep Histone HNS 21 129 170.1 5.70E-48 
389 PHE0008406 18830.pep AA _permease 57 511 619.8 2.40E-183 

390 PHE0008279 18708.pep Mit rib S27 14 93 135.3 l.70E-37 

391 PHE0009142 19931.pep Histone HNS 21 130 175.1 l.70E-49 

393 PHE0007639 17991.pep ELFV dehydrog N 84 214 298.9 9.20E-87 

393 PHE0007639 17991.pep ELFV dehydrog 229 474 469.7 3.60E-138 

394 PHE0007646 18170.pep F-box 36 83 51.8 2.20E-12 

394 PHE0007646 18170.pep Kelch 1 131 185 25.1 0.00026 
394 PHE0007646 18170.pep Kelch 1 187 233 44.2 4.40E-10 

394 PHE0007646 18170.pep Kelch 2 187 233 26.1 0.00012 
395 PHE0007765 18182.pep GST N 5 79 69.6 1.00E-17 
395 PHE0007765 18182.pep GST C 101 204 28.8 l.90E-05 

396 PHE0008167 18465.pep Pkinase 8 262 210 5.60E-60 
396 PHE0008167 18465.pep Pkinase Tyr 8 262 247.9 2.lOE-71 

398 PHE0008183 18479.pep LRRNT 2 23 66 49.3 l.30E-ll 

398 PHE0008183 18479.pep LRR 1 71 93 12.1 1.6 

398 PHE0008183 18479.pep LRR 1 95 117 10.3 3.3 

398 PHE0008183 18479.pep LRR 1 119 142 13 1 
398 PHE0008183 18479.pep LRR 1 144 166 19.5 0.012 

398 PHE0008183 18479.pep LRR I 168 190 10.6 3 
398 PHE0008183 18479.pep LRR 1 192 214 8.8 6.4 
398 PHE0008183 18479.pep LRR 1 289 311 17.3 0.055 

398 PHE0008183 18479.pep LRR_l 313 335 10.6 2.9 
398 PHE0008183 18479.pep LRR 1 337 359 10.8 2.8 

398 PHE0008183 18479.pep LRR 1 361 384 12 1.6 

398 PHE0008183 18479.pep LRR 1 409 431 10.4 3.2 

398 PHE0008183 18479.pep LRR 1 457 479 11.9 1.7 
398 PHE0008183 18479.pep LRR 1 481 503 10.2 3.4 
398 PHE0008183 18479.pep LRR 1 505 527 10.4 3.3 
398 PHE0008183 18479.pep LRR 1 529 551 10.9 2.6 
398 PHE0008183 18479.pep LRR l 553 575 9.3 5.2 

398 PHE0008183 18479.pep LRR 1 577 598 11 2.4 
398 PHE0008183 18479.pep Pkinase 695 966 133.8 4.80E-37 

398 PHE0008183 18479.pep Pkinase Tyr 695 966 134.8 2.30E-37 

399 PHE0007585 17875.pep LEA 3 2 98 138.9 l.30E-38 
400 PHE0006804 16385.pep zf-CCCH 13 39 35.4 l.90E-07 
400 PHE0006804 16385.pep zf-CCCH 149 174 24.3 0.00045 
401 PHE0006703 15751.pep PFK 72 347 650.2 l.70E-192 
402 PHE0007410 17653.pep Acvltransferase 27 249 29.2 l.00E-05 
403 PHE0006854 16456.pep YABBY 40 278 249.1 9.30E-72 
404 PHE0007721 21293.pep KNOXl 102 146 90.4 5.50E-24 
404 PHE0007721_21293.pep KNOX2 153 204 101.2 3.lOE-27 
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404 PHE0007721 21293.pep ELK 242 263 37 6.50E-08 
405 PHE0006563 15990.pep GATase 2 2 161 103.9 4.70E-28 
405 PHE0006563 15990.pep Asn synthase 209 450 328.7 9.80E-96 
406 PHE0006619 16147.pep AA kinase 15 261 192.3 l.20E-54 

407 PHE0006813 16394.pep Bac_globin 7 124 123 8.50E-34 
408 PHE0006688 16234.pep Ribosomal S2 13 229 448.6 8.00E-132 

409 PHE0006635 16164.oeo MGS 28 121 99.4 l.I0E-26 

411 PHE0008416 18838.pep PTR2 115 504 350.4 3.00E-102 
413 PHE0008599 19166.pep Isoamylase N 24 115 93.4 6.60E-25 
413 PHE0008599 19166.pep Alpha-amylase 164 578 75.8 l.40E-19 
414 PHE0008375 18732.pep Pribosyltran 93 237 141.8 l.80E-39 
416 PHE0008394 18763.pep Gln-synt N 68 148 147.3 4.20E-41 
416 PHE0008394 18763.pep Gln-synt C 154 406 287.7 2.20E-83 
417 PHE0008395 18764.pep Gln-synt N 68 148 147.3 4.20E-41 
417 PHE0008395 18764.pep Gln-synt C 154 406 285 l.50E-82 
418 PHE0008444 18846.pep Gln-synt N 17 97 150.4 4.70E-42 

418 PHE0008444 18846.pep Gln-synt C 103 355 283.9 3.00E-82 
419 PHE0006819 16400.pep Lactamase B 47 236 77.1 5.60E-20 
419 PHE0006819 16400.pep Flavodoxin 1 267 397 8.1 0.0041 
419 PHE0006819 16400.pep Flavin Reduct 424 573 254.7 l.90E-73 
420 PHE0007417 17663.pep EIN3 60 467 777.5 7.80E-231 
421 PHE0008443 18845.pep GATase 2 2 161 98.7 l.70E-26 
421 PHE0008443 18845.pep Asn synthase 209 450 331 2.00E-96 
422 PHE0006818 16399.pep Lactamase B 34 227 105.3 l.80E-28 
422 PHE0006818 16399.pep Flavodoxin I 256 389 86.4 8.80E-23 
422 PHE0006818 16399.pep Rubredoxin 423 471 89.8 8.lOE-24 
423 PHE0006579 16031.pep Thi4 63 306 552.2 5.40E-163 
423 PHE0006579 16031.pep DAO 91 319 -9 l.90E-05 
424 PHE0006808 16389.oep CCT 354 392 75.3 l.90E-19 
425 PHE0008160 18460.pep TPP enzyme N 45 221 286.5 5.20E-83 
425 PHE0008160 18460.pep TPP enzyme M 243 376 82.1 l.70E-21 
425 PHE0008160 18460.pep TPP enzyme C 431 578 34.8 2.80E-09 
426 PHE0007571 17834.pep GSH synth ATP 29 499 836.5 1.30E-248 
426 PHE0007571 17834.pep GSH synthase 229 331 200 5.50E-57 
427 PHE0007586 17877.pep Chloroa b-bind 64 261 255.3 l.20E-73 

429 PHE0009729 21717.pep Homeobox 67 123 68.9 l.60E-17 
429 PHE0009729 21717.pep HALZ 124 168 53.4 7.60E-13 
430 PHE0006424 15520.pep PsbW 2 1 133 382.1 8.60E-112 
431 PHE0006392 15480.pep PsbP 106 322 252.9 6.50£-73 
432 PHE0006589 16093.pep Thioredoxin 64 167 130.3 5.20E-36 
433 PHE0009258 21487.pep Na H Exchanger 22 441 181.7 l.70E-51 
434 PHE0006680 16226.pep 2OG-FeII Oxy 187 287 158 2.40E-44 
435 PHE0006481 16072.pep adh short 33 181 28.8 7.00E-08 
436 PHE0006269 8820.pep TPR 1 74 107 21.3 0.0035 
436 PHE0006269 8820.pep TPR 2 74 107 24.7 0.00034 
436 PHE0006269 8820.pep TPR 1 108 141 37.4 4.80E-08 
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436 PHE0006269_8820.pep TPR_2 108 141 35.3 2.lOE-07 
436 PHE0006269 8820.pep TPR 1 142 175 15 0.086 
436 PHE0006269_8820.pep TPR 2 142 175 23.8 0.00063 
436 PHE0006269 8820.pep TPR 1 179 212 7.9 0.61 
436 PHE0006269_8820.pep TPR_4 247 272 23.6 0.00069 
436 PHE0006269 8820.pep TPR 1 281 314 16.2 0.063 
436 PHE0006269 8820.pep TPR 2 281 314 26 0.00014 
436 PHE0006269 8820.pep TPR 1 349 382 13.6 0.13 
437 PHE0006783 16365.pep Aa trans 32 469 574.9 7.90E-l 70 
438 PHE0003151 18392.pep AP2 318 391 149.5 8.70E-42 
438 PHE0003151 18392.pep AP2 420 485 125.8 l.20E-34 
439 PHE0008272 18723.pep HSF DNA-bind 18 188 213.9 3.50E-61 
440 PHE0008277 18706.pep SNF5 172 400 471.8 8.60E-139 
441 PHE0008109 18411.oeo Sadl UNC 203 330 195.6 l.l0E-55 
442 PHE0008280 18826.pep Alpha-amylase 14 452 198.9 l.20E-56 
443 PHE0002424 15825.pep adh short 43 215 24.9 l.30E-07 
443 PHE0002424 15825.pep KR 43 200 -69.1 0.0024 
444 PHE0006914 16804.pep AAA 204 391 298.6 l.l0E-86 
445 PHE0006642 16172.pep p450 42 496 213.5 4.80E-61 
447 PHE0009926 21079.pep DSPe 24 152 137.5 3.60E-38 
448 PHE0006206 19159.pep Sina 106 305 426.4 4.00E-125 
449 PHE0008274 18705.pep BURP 56 280 380 3.60E-1 ll 
450 PHE0009510 20526.pep Spermine synth 38 283 500.4 2.lOE-147 
451 PHE0009937 21097.pep Soermine synth 38 283 500.4 2.I0E-147 
452 PHE0009927 21080.pep DSPe 24 162 146.6 6.60E-41 
454 PHE0006445 15956.pep Allene ox eye 74 253 401.6 l.20E-117 
455 PHE0006987 16893.pep etband 86 114 25 · 0.00026 
455 PHE0006987 16893.pep etband 167 195 27.6 4.30E-05 
456 PHE0004230 15865.pep E2F TDP 146 211 133.8 4.60E-37 
457 PHE0006814 16395.pep Bae _globin 26 144 206 8.80E-59 
458 PHE0002773 15881.pep NTP transferase 88 366 415.4 8.30E-122 
459 PHE0006060 15842.pep ubiquitin 5 73 138 2.50E-38 
459 PHE0006060 15842.pep ubiQuitin 81 149 138 2.50E-38 
459 PHE0006060 15842.pep ubiquitin 157 225 138 2.50E-38 
459 PHE0006060 15842.pep ubiquitin 233 301 138 2.50E-38 
460 PHE0006850 16451.pep YABBY 6 166 342.9 5.20E-100 
461 PHE0008043 18199.pep Homeobox 25 85 64.6 3.20E-16 
461 PHE0008043 18199.pep START 164 374 198.3 l.80E-56 
461 PHE0008043 18199.pep MEKHLA 693 840 296.7 4.40E-86 
462 PHE0000125 18852.pep Response reg 28 153 25.4 3.80E-05 
462 PHE0000125 18852.pep CCT 457 495 70.6 5.lOE-18 
463 PHE0008269 18720.pep Pkinase 23 279 234 3.30E-67 
464 PHE0008264 18712.pep zf-UBR 40 109 73.4 7.lOE-19 
465 PHE0002782 20059.pep PGI 2 457 172.8 8.80E-49 
466 PHE0009438 20404.pep GATA 191 226 72.7 l.IOE-18 
467 PHE0009429 20392.pep ParBe 70 151 47.5 4.50E-ll 
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468 PHE0009440 20406.pep ParBc 11 126 55.3 2.00E-13 

469 PHE0008543 18945.pep TP methvlase 222 435 272.6 7.70E-79 
470 PHE0006960 16857.pep Oxidored molyb 116 301 289.2 7.70E-84 
470 PHE0006960 16857.pep Mo-co dimer 326 459 300.9 2.30E-87 
470 PHE0006960_16857.pep Cyt-b5 515 588 93.3 7.20E-25 
470 PHE0006960 16857.pep FAD binding_6 633 740 212.6 9.20E-61 

470 PHE0006960 16857.pep NAD binding_l 759 872 169.6 8.00E-48 

471 PHE0009427 20389.pep IGPD 103 247 372.6 6.20E-109 

472 PHE0006437 15906.pep Pkinase 39 307 15.8 l.70E-09 
473 PHE0007409 17652.pep DAGAT 64 340 278.2 l.60E-80 

474 PHE0009426 20387.pep PHP 2 281 104.4 3.30E-28 
475 PHE0009430 20393.pep ParBc 44 128 45.7 l.60E-10 
476 PHE0007003 16906.pep PTPA 96 396 524 l.60E-154 

477 PHE0008378 18741.pep bZIP 1 223 280 76.5 8.20E-20 
477 PHE0008378 18741.pep bZIP 2 224 277 47.5 4.40E-ll 
478 PHE0008273 18725.pep zf-CCCH 80 106 39.3 l.30E-08 
479 PHE0008547 18953.pep Fer2 20 95 95 2.20E-25 
480 PHE0006922 16812.pep Hexokinase 1 44 251 260.7 2.90E-75 
480 PHE0006922 16812.pep Hexokinase 2 258 501 261.2 2.IOE-75 
481 PHE0006920 16810.pep AAA 267 458 270 4.60E-78 
481 PHE0006920 16810.pep Vps4 C 464 514 4.5 0.00031 
482 PHE0008396 18765.pep Gln-synt N 68 148 147.3 4.20E-41 
482 PHE0008396 18765.pep Gln-synt C 154 406 285.4 l.l0E-82 
483 PHE0006957 16854.pep Gln-synt N 68 148 147.3 4.20E-41 
483 PHE0006957 16854.pep Gln-svnt C 154 406 285.4 l.I0E-82 
484 PHE0006404 15936.pep RRM 1 8 77 81.4 2.80E-21 
484 PHE0006404 15936.pep RRM I 112 182 81.8 2.lOE-21 
485 PHE0006820 16401.pep Lactamase B 47 236 82.8 l.I0E-21 

485 PHE0006820 16401.oeo Flavin Reduct 423 572 222.8 7.90E-64 
486 PHE0006690 16236.pep MFS 1 57 421 44.3 4.30E-10 
487 PHE0006395 15932.pep LRR 1 185 206 11.9 1.7 
487 PHE0006395 15932.pep LRR 1 208 229 17.1 0.065 
487 PHE0006395 15932.pep LRR 1 231 252 13.5 0.77 
487 PHE0006395 15932.pep LRR 1 254 272 12.6 1.2 
487 PHE0006395 15932.pep LRR 1 278 299 8.4 7.8 
487 PHE0006395 15932.pep LRR 1 349 370 20.8 0.0049 
487 PHE0006395 15932.pep LRR 1 372 394 7.8 9.8 
488 PHE0006759 16384.pep SHMT 55 453 1032.6 0 
489 PHE0006576 16028.pep Myb DNA-binding 11 57 59.3 l.30E-14 
489 PHE0006576 16028.pep Myb DNA-binding 63 108 48.9 l.70E-ll 
490 PHE0006979 16885.pep Tryp_ alpha amyl 33 111 55.3 2.00E-13 
491 PHE0009786_21754.pep HLH 33 80 30 8.20E-06 
492 PHE0006572 16007.pep Pkinase 11 269 317 3.30E-92 
494 PHE0006588 16092.pep Thioredoxin 56 161 128.8 l.50E-35 
495 PHE0006985 16891.pep DUF1716 13 118 159.3 l.00E-44 
496 PHE0006875 16688.pep PSI PSAK 44 138 191.6 l.90E-54 
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497 PHE0006626 16155.pep Glvco hydro 17 30 335 587.5 l.20E-173 
498 PHE0006689 16235.pep Aa trans 165 548 224.1 3.20E-64 
499 PHE0006799 16382.pep Bl2-binding 10 135 104.3 3.70E-28 
499 PHE0006799_16382.pep Radical_SAM 202 368 91.2 3.IOE-24 
500 PHE0006959 16856.pep Oxidored molyb 143 328 286.7 4.40E-83 
500 PHE0006959 16856.pep Mo-co dimer 353 486 297.6 2.40E-86 
500 PHE0006959 16856.pep Cyt-b5 543 616 90.4 5.60E-24 
500 PHE0006959 16856.pep FAD binding 6 660 767 231.6 l.70E-66 
500 PHE0006959 16856.pep NAD bindinE?: 1 786 899 186.4 7.00E-53 
501 PHE0011615 23861.pep Pkinase 267 523 297.5 2.50E-86 
501 PHE0011615 23861.pep Pkinase Tvr 267 523 127.5 3.70E-35 
502 PHE0006925 16814.pep Timl7 4 133 198.1 2.lOE-56 
503 PHE0006713 16274.pep APC8 1 161 401.5 l.20E-117 
503 PHE0006713 16274.pep TPR 1 339 372 34.7 3.20E-07 
503 PHE0006713 16274.pep TPR 2 339 372 2'J.7 0.00066 
503 PHE0006713 16274.pep TPR 2 373 406 23.7 0.00068 
503 PHE0006713 16274.pep TPR 1 373 406 34.1 4.80E-07 
503 PHE0006713 16274.pep TPR 2 407 440 22.1 0.002 
503 PHE0006713 16274.pep TPR 1 407 440 24.3 0.00043 
504 PHE0008447 18848.pep Lirl 1 126 178.6 l.60E-50 
505 PHE000667 4 16221.pep PTR2 96 505 222.7 8.20E-64 
506 PHE0010613 22398.pep DAGK cat 43 184 106.4 8.50E-29 
507 PHE0002720 22558.pep DnaJ 90 151 137.6 3.40E-38 
507 PHE0002720 22558.pep DnaJ CXXCXGXG 218 301 100.5 5.20E-27 
507 PHE0002720 22558.pep DnaJ C 314 436 210.6 3.60E-60 
508 PHE0011760 24005.pep Pkinase 400 656 297.5 2.50E-86 
508 PHE0011760 24005.pep Pkinase Tyr 400 656 127.5 3.70E-35 
509 PHE0010612 22397 .pep G-patch 15 59 62 l.90E-15 
511 PHE0007411 17654.pep Acyltransferase 136 283 86.4 8.50E-23 
512 PHE0010617 22402.pep Isochorismatase 27 210 -41 0.0027 
513 PHE0010610 22395.pep zf-C3HC4 103 144 36.3 l.l0E-07 
514 PHE0006883 16702.pep Glvco transf 5 78 339 461.4 l.l0E-135 
514 PHE0006883 16702.pep Glycos transf 1 379 562 40.5 5.S0E-09 
515 PHE0010636 22408.pep UAA 96 387 -125.2 0.00037 
515 PHE0010636 22408.pep DUF6 105 230 32.1 2.00E-06 
515 PHE0010636 22408.pep TPT 239 384 188.8 l.30E-53 
516 PHE0011082 23038.pep adh short 19 187 111.5 2.50E-30 
516 PHE0011082 23038.pep KR 19 202 -67.5 0.0019 
517 PHE0009475_20462.pep 2OG-Fell_Oxy 223 322 166.9 5.20E-47 
518 PHE0007415 17661.pep EIN3 60 467 781.6 4.80E-232 
519 PHE0006614 16129.pep Cellulase 19 358 -25.9 l.00E-05 
520 PHE0010611_22396.pep FMO-like 25 424 -364.7 5.40E-07 
521 PHE0011719 23946.pep Acyltransferase 69 222 30 8.30E-06 
522 PHE0006861 16463.pep NPH3 166 409 387.6 l.80E-l l3 
523 PHE0006568 16005.pep DUF26 80 134 56.9 6.70E-14 
523 PHE0006568_16005.pep DUF26 199 253 62.1 l.80E-15 
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523 PHE0006568 16005.pep Pkinase Tyr 346 615 114 4.20E-31 

523 PHE0006568 16005.pep Pkinase 346 615 163.2 6.70E-46 

524 PHE0010652 22429.pep FtsJ 21 211 282.4 8.80E-82 
525 PHE0008158 18448.pep PLATZ 22 144 232.3 l.00E-66 
526 PHE0003316 20755.pep Glyco hydro 2 N 9 180 238.7 l.30E-68 
526 PHE0003316 20755.pep Glyco hydro 2 182 272 129.9 7.00E-36 
526 PHE0003316 20755.pep Glyco hydro 2 C 274 593 612.1 5.00E-181 
527 PHE0009478_20470.pep 2OG-Fell Oxy 229 328 171.2 2.50E-48 
528 PHE0010395 21760.pep DUF716 109 266 180.5 4.lOE-51 
529 PHE0010391_21753.pep DUF640 28 160 296.6 4.70E-86 
530 PHE0010396 21761.pep DUF716 109 265 175.2 l.60E-49 

531 PHE0009511 22422.pep SAM decarbox 5 337 710.3 l.30E-2l0 
532 PHE0010614 22399.pep SOUL 28 211 330.7 2.50E-96 
534 PHE00l 1454 23667.oeo Histone 56 126 103.3 7.20E-28 
535 PHE0OI 1443 24001.pep Histone 61 131 103.3 7.20E-28 
536 PHE0OI 1452 23665.pep Histone 58 132 142.7 9.80E-40 
537 PHE0010394 21758.pep SAP18 29 150 260.5 3.30E-75 
540 PHE0010100 21467.pep Pvr redox 2 5 285 134.4 3.lOE-37 
540 PHE00l0lO0 21467.pep Pyr_ redox 147 240 91 3.50E-24 
540 PHE00l0lOO 21467.pep Fer2 BFD 420 472 81.5 2.60E-21 
540 PHE00lOlO0 21467.pep NIR SIR ferr 554 621 89.9 7.80E-24 
540 PHE0010100 21467.pep NIR SIR 629 775 176.5 6.70E-50 
541 PHE0011503 23734.pep GAF 158 307 91.9 l.90E-24 
541 PHE0011503 23734.pep HisKA 343 408 87.5 4.lOE-23 
541 PHE0011503 23734.pep HATPase c 455 586 123.9 4.50E-34 
542 PHE0010099 21319.pep Molvbdop_ Fe4S4 1 55 91.2 3.30E-24 
542 PHE0010099_21319.pep Molybdopterin 58 475 479.9 3.00E-141 
542 PHE0010099 21319.pep Molydop_ binding 570 681 140 6.60E-39 
542 PHE0010099 21319.pep Fer2 BFD 811 863 74.8 2.70E-l9 
543 PHEOOl 1269 23400.pep Homeobox 21 78 70.4 5.80E-18 
543 PHE0011269 23400.pep START 215 437 167.3 3.90E-47 
546 PHEOOl 1613 23858.pep AP2 62 136 129.6 8.70E-36 
546 PHEOOl 1613 23858.pep AP2 165 230 109.9 7.50E-30 
547 PHE0001582 22064.pep GAF 195 344 57.2 5.30E-14 
547 PHE0001582 22064.pep HisKA 380 445 22.2 0.00068 
547 PHE0001582 22064.pep Response reg 645 761 69.4 l.20E-17 
548 PHE0007444 22314.pep Sperrnine synth 90 349 414.5 l.50E-121 
549 PHE0010543 22298.pep PBP 19 165 216.7 5.30E-62 
550 PHE0010543 22323.pep PBP 19 157 186 9.30E-53 
551 PHE00l 1081 23033.pep Sugar tr 33 465 -7.2 l.20E-06 
552 PHE00l 1075 23026.pep P-11 73 175 181.5 2.lOE-51 
553 PHE0010100 21462.pep Pyr_ redox 2 5 285 134.4 3.IOE-37 
553 PHE0010100 21462.pep Pyr_ redox 147 240 91 3.50E-24 
553 PHE0010100 21462.pep Fer2 BFD 420 472 81.5 2.60E-21 
553 PHE0010100 21462.pep NIR SIR ferr 554 621 89.9 7.80E-24 
553 PHE0010100 21462.pep NIR SIR 629 775 176.5 6.70E-50 
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554 PHE0009640 21775.pep Auxin inducible 1 102 151.5 2.lOE-42 
555 PHE00I0092 21307.pep SI 13 88 51.4 3.00E-12 
555 PHE0010092_21307.pep EIF 2 alpha 125 256 217.3 3.50E-62 
556 PHE0004611 24123.pep PTR2 13 406 283.1 5.40E-82 
557 PHEOO 10093 _21308. pep Sl 13 88 50 8.lOE-12 
557 PHEOOI0093 21308.pep EIF 2 alpha 125 256 217.3 3.50E-62 
558 PHE0008605_23084.pep Histone 58 128 105.5 l.60E-28 
559 PHE0009939 21100.pep GDC-P 81 508 1024.4 0 
560 PHE0009941_21105.pep mTERF 2 262 117.5 3.70E-32 
561 PHE0009951 21135.pep Ribosomal Ll0e 1 176 487.9 l.20E-143 
562 PHE0009943 21127.pep Ribosomal LlOe 1 176 460.5 2.20E-135 
563 PHE0009948 21132.pep Ribosomal LlOe 1 176 476.4 3.40E-140 
564 PHE0011084_23040.pep Peptidase_S IO 54 482 561 l.20E-165 
565 PHE0008233 23042.pep Phi 1 40 314 616.9 l.80E-182 
566 PHE0010854 22730.pep RGS 294 412 23.2 2.80E-06 
567 PHE0003797 23051.pep zf-Dof 34 96 127 5.20E-35 
568 PHE0010194 21769.pep Glyco hydro 9 52 509 1007.2 5.70E-300 
570 PHE0011665 23899.pep Chioma b-bind 63 260 255.3 l.20E-73 
571 PHE0012178 24443.pep Whirly 53 191 263.2 5.30E-76 
573 PHE0011064 22994.pep TPR 1 73 106 33.7 6.50E-07 
573 PHE0011064 22994.pep TPR 2 73 106 33.4 7.80E-07 
577 PHE0011446_23659.pep Histone 58 132 142.9 8.50E-40 
578 PHE0001424 22077.pep Agglutinin 55 193 46.9 6.30E-12 
579 PHEOOl 1445 23658.pep C2 6 87 74.9 2.50E-19 
580 PHE0010090 21297.pep LRRNT 2 33 73 34.2 4.60E-07 
580 PHE00I0090 21297.pep LRR 1 78 101 11.5 2 
580 PHE00 l 0090_21297 .pep LRR_l 103 127 11.2 2.3 
580 PHE0010090 21297.pep LRR I 129 151 21.9 0.0024 
580 PHE00I0090 21297.pep LRR 1 177 199 16 0.14 
580 PHE00I0090 21297.pep LRR 1 226 248 10.3 3.3 
580 PHE0010090 21297.pep LRR 1 274 296 18.9 0.018 
580 PHE0010090 21297.pep LRR 1 298 320 12.1 1.6 
580 PHE0010090 21297.pep LRR 1 322 341 11.2 2.3 
580 PHE0010090 21297.pep LRR 1 395 417 9.8 4.1 
580 PHE0010090 21297.pep LRR 1 444 466 8.2 8.3 
580 PHE0010090 21297.pep LRR 1 468 490 12.8 1.1 

580 PHE0010090 21297.pep LRR 1 492 514 7.7 IO 

580 PHE0010090 21297.pep LRR I 516 538 15.7 0.17 
580 PHE0010090 21297.pep LRR I 540 562 7.8 10 
580 PHE0010090_21297.pep LRR_l 564 585 8.5 7.4 
580 PHE0010090 21297.pep Pkinase 678 952 107.9 3.00E-29 
580 PHE0010090 21297.pep Pkinase Tyr 678 952 ll0.4 5.lOE-30 
581 PHE0012180 24445.pep B3 516 619 90.3 6.00E-24 
582 PHE0011083 23039.pep adh short 44 200 46.7 7.60E-ll 
583 PHE0011085 23041.pep Peptidase S 10 31 459 551.6 8.20E-163 
584 PHE0012175 24440.pep CXC 457 498 80.2 6.60E-21 
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584 PHE0012175 24440.pep CXC 543 584 83.5 6.40E-22 
585 PHE0012177 24442.pep Whirly 91 229 325.2 l.l0E-94 
587 PHE0010194 21426.pep Glyco hydro 9 52 509 1013.8 5.70E-302 
588 PHEOOl 1666 23900.pep Spermine synth 46 291 503.l 3.20E-148 
589 PHEOOI 1448 24160.pep Histone 25 90 35.4 l.90E-07 
590 PHE0008324 18636.pep DUF1005 256 460 524.8 9.30E-155 
591 PHE0006971 16875.pep Myb DNA-binding 14 61 44.2 4.40E-10 
591 PHE0006971 16875.pep Myb DNA-binding 67 112 51.3 3.20E-12 
592 PHE0009939 21147.pep GDC-P 81 508 1024.4 0 
593 PHE0009953 21137.pep Na sulph symp 110 578 831.2 5.40E-247 
595 PHE0008557 18970.pep NAD binding_ 1 234 350 138.6 1.60E-38 
596 PHE0006443 15955.pep YDG SRA 360 519 403.5 3.00E-118 
596 PHE0006443 15955.pep Pre-SET 543 639 156.7 6.00E-44 
596 PHE0006443 i5955.pep SET 641 771 181.7 l.80E-51 

Table 11. pfam module annotation 

PEP 
SEQ Gene ID Pfam domain module Position 

IDNO 

299 PHE0007721_18998.pep KNOX1::KNOX2::ELK 102-146::153-204::242-263 

300 PHE0007756_18009.pep RPE65 105-591 

302 PHE0004988_15925.pep F-box: :LRR_l ::LRR_2 4-52:: 157-179::290-314 

303 PHE0007 l 40_2 l 77 l. pep MtN3_slv::MtN3_slv 9-98::134-221 

304 PHE0006823_16403.pep Globin 10-149 

305 PHE0007440_22555.pep Ras 14-175 

306 PHE0000206_22432.pep Pkinase: :etband: :etband: 79-337::384-412::456-
:efhand 484::490-518 

307 PHE0000598_16824.pep HLH 385-434 

308 PHE0007590_17883.pep Sl 2-70 

309 PHE0007 588_17881.pep Sl 2-86 

310 PHE0007592_17885.pep Sl 1-75 

311 PHE0007587_17880.pep Sl 3-75 

312 PHE0007624_17923.pep eIF-la 5-70 

313 PHE0007591 _17884.pep SI 2-68 

314 PHE0007623_17922.pep CN_hydrolase 11-184 

315 PHE0007583_1787 l .pep MtN3 _slv: :MtN3 _sl v 9-98::132-218 

316 PHE0006618_16146.pep S lO_plectin 3-98 

317 PHE0006791_16374.pep GUN4 84-227 

318 PHE0007620_17918.pep peroxidase 89-321 

319 PHE0006659_16195.pep MFS_J 10-391 

321 PHE0006274_15867.pep E2F_TDP 130-195 
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322 PHE0006637 _16166.pep PP2C 7-305 

323 PHE0006926_16815.pep VPS28 18-209 

324 PHE0006821 _16402.pep PALP 49-358 

325 PHE0007687 _18057.pep p450 35-462 

326 PHE0007642 _17999.pep PAS_3::PAS_3::Pkinase 21 l-303::489-581::663-952 

327 PHE0007677 _18052.pep FAD _binding_3 5-372 

328 PHE0007644_18001. pep LRRNT_2::LRR_l ::LR 23-64::97-l 19::121-143::145-
R_l::LRR_l::LRR_l::L 167:: 169-192:: 194-216::414-
RR 1: :Pkinase 716 

329 PHE0007640_17992.pep CorA 66-448 

330 PHE0007678 _18053.pep 4HBT 66-151 

331 PHE0007649_18006.pep Ank: :Pkinase 108-140:: 196-455 

332 PHE0006726_16298.pep WD40::WD40 45-83:: 135-173 

333 PHE0006218_8776.pep Pyr_redox_2: :Thioredoxi 85-370::423-528 
n 

335 PHE0002554_17876.pep Chloroa_b-bind 63-261 

336 PHE0006807 _16388.pep CCT 352-390 

337 PHE0003359_8487.pep p450 51-489 

338 PHE0006542 _15765.pep PMSR 92-245 

339 PHE0007622_17921.pep Spermine_synth 34-279 

340 PHE0007630_17956.pep 2OG-Fell_ Ox y 190-291 

341 PHE0007593 _17886.pep Spermine_synth 28-273 

342 PHE0006475 _15588.pep PsbQ 3-162 

343 PHE0007619 _17915.pep MBD 11-84 

344 PHE0006846_1644 7 .pep Sterol_desat 1-186 

345 PHE0007584 _17874.pep MBD 4-77 

346 PHE0003695 _17913.pep LRRNT_2::LRR_l ::LR 23-64::93-115::l l 7-139::141-
R_l: :LRR_l: :LRR_l: :L 163:: 165-186:: 189-211 ::213-
RR_l::LRR - l::LRR_l:: 235::237-259::260-281::284-
LRR_l::LRR_ l::LRR_l 306::308-330::332-354::356-
::LRR_l::LRR_l::LRR_ 378::380-402::404-426::428-
I ::LRR_l: :LRR_l ::LRR 450::452-474::476-498::500-
- l::LRR_l::LRR_l::LR 521: :523-542: :648-917 
R l::Pkinase 

347 PHE0003695 _17879.pep LRRNT_2::LRR - l::LR 23-64::93-115::l l 7-139:: 141-
R_l ::LRR_l: :LRR - l::L 163:: 165-186:: 189-211 ::213-
RR_l: :LRR_l: :LRR_l:: 235::237-259::260-281::284-
LRR - l::LRR - l::LRR_l 306::308-330::332-354::356-· 
::LRR_l ::LRR_l: :LRR_ 378::380-402::404-426::428-
l::LRR_l::LRR_l::LRR 450::452-474::476-498::500-

- l::LRR_l::LRR_l::LR 521 ::523-542::648-9 l 7 
R I: :Pkinase 

349 PHE0007645 _18002.pep AP2 115-180 

350 PHE0006784_16366.pep PALP 12-301 
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351 PHE0006171 _16491.pep G1yoxalase 70-214 

353 PHE0006906_16796.pep Proteasome 10-206 

354 PHE0006649 _16180.pep AP2 46-110 

355 PHE0006809 _16390.pep Prismane 1-548 

356 PHE00069 l 8_16808. pep SWIM 321-353 

357 PHE0007813_18219.pep MtN3_slv::MtN3_slv 9-98:: 132-218 

359 PHE0006825 _16405. pep Cytochrom_C552 27-476 

360 PHE0006964_16864.pep tRNA_anti: :tRNA- 43-122::140-557 
synt_2 

361 PHE0008 l 05 _18407 .pep CBFD_NFYB_HMF 158-222 

362 PHE0006630_16159.pep Ldh_l_N::Ldh_l_C 90-239::241-413 

363 PHE0006966_16868. pep DNA_photolyase: :FAD_ 12-183::214-492 
binding_7 

365 PHE0006608_16123.pep GSHPx 42-150 

366 PHE0010462_21459.pep NUDIX::NUDIX 17-159::190-322 

367 PHE0009211_21774.pep Auxin_inducible 1-106 

368 PHE0006256_8775.pep RPE65 105-591 

369 PHE0006989_16918.pep Pkinase 88-396 

370 PHE0007649_18166.pep Ank: :Pkinase 108-140:: 196-455 

371 PHE0006708_16264.pep DEAD::Helicase_C 57-223::291-367 

372 PHE000l 117 _19094.pep Homeobox::HALZ 79-133::134-178 

373 PHE0006266_8814.pep Fe_bilin_red 16-244 

374 PHE0006795_16378.pep Na_H_antiport_l 4-380 

375 PHE0006956_16853.pep Molybdop_Fe4S4: :Moly 2-56: :59-482: :578-689: :825-
bdopterin: :Molydop_bin 877 
ding::Fer2 BFD 

377 PHE0006824_16404.pep Globin 14-154 

378 PHE0006812_16393.pep Bac_globin 3-118 

379 PHE0006815_16396.pep Bac_globin 26-146 

380 PHE0006806_16387.pep Bac_globin 26-146 

381 PHE0006624_16153.pep NAD _binding_2: :6PGD 3-178:: 182-473 

382 PHE0005006_15823.pep Chloroa_b-bind 63-242 

384 PHE0006683_16229.pep Response_reg 10-151 

385 PHE0006884_16703.pep Glyco_transf_5::Glycos_ 83-344::384-567 
transf 1 

386 PHE0006691_16237.pep NAD_Gly3P _dh_N::NA 6-165:: 183-327 
D Gly3P dh C 

387 PHE0006790_16372.pep Rieske::PaO 220-317::408-507 

388 PHE0009143_19932.pep Histone_HNS 21-129 

389 PHE0008406_18830.pep AA_permease 57-511 

390 PHE0008279 _18708. pep Mit_rib_S27 14-93 

391 PHE0009142_19931.pep Histone_HNS 21-130 

- 127 -

Case No.: IPR2023-00321 
U.S. Patent No. 10,689,656



 
Motif Exhibit 1040, Page 558 of 1537

WO 2009/009142 PCT/0S2008/008557 

PEP 
SEQ Gene ID Pfam domain module Position 

IDNO 

393 PHE0007639_17991.pep ELFV _dehydrog_N::EL 84-214::229-474 
FV _dehydrog 

394 PHE0007646_18170.pep F- 36-83:: 131-185:: 187-233 
box::Kelch 1::Kelch 1 

395 PHE0007765 _18182.pep GST_N::GST_C 5-79::101-204 

396 PHE0008167_18465.pep Pkinase_ Tyr 8-262 

398 PHE0008183_18479.pep LRRNT_2: :LRR_l: :LR 23-66::71-93::95-l l 7::119-
R_l::LRR_l::LRR_l::L 142:: 144-166:: 168-190:: 192-
RR_l: :LRR_l: :LRR_l:: 214::289-311 ::313-335::337-
LRR_l: :LRR_l ::LRR_l 359::361-384::409-43 l ::457-
: :LRR_l: :LRR_l: :LRR_ 479::481-503::505-527::529-
l::LRR_l::LRR_l::LRR 551 ::553-575::577-598::695-

l::LRR 1::Pkinase Tyr 966 
399 PHE0007585 _17875.pep LEA_3 35827 

400 PHE0006804_16385.pep zf-CCCH: :zf-CCCH 13-39:: 149-174 

401 PHE0006703_15751.pep PFK 72-347 

402 PHE0007 410_17653.pep Acyltransferase 27-249 

403 PHE0006854 _16456. pep YABBY 40-278 

404 PHE0007721_21293.pep KNOX1::KNOX2::ELK 102-146:: 153-204::242-263 

405 PHE0006563 _15990.pep GATase_2: :Asn_synthas 2-161::209-450 
e 

406 PHE0006619_16147.pep AA_kinase 15-261 

407 PHE0006813_16394.pep Bac_globin 7-124 

408 PHE0006688_16234.pep Ribosomal_S2 13-229 

409 PHE0006635 _16164.pep MGS 28-121 

411 PHE0008416_18838.pep PTR2 115-504 

413 PHE0008599_19166.pep Isoamylase_N: :Alpha- 24-115::164-578 
amylase 

414 PHE0008375_18732.pep Pribosyltran 93-237 

416 PHE0008394_18763.pep Gln-synt_N: :Gln-synt_ C 68-148::154-406 

417 PHE0008395_18764.pep Gln-synt_N: :Gln-synt_ C 68-148:: 154-406 

418 PHE0008444_18846.pep Gln-synt_N::Gln-synt_C 17-97:: 103-355 

419 PHE0006819_16400.pep Lactamase_B::Flavodoxi 47-236::267-397::424-573 
n_l::Flavin Reduct 

420 PHE0007417 _17663.pep EIN3 60-467 

421 PHE0008443_18845.pep GATase_2: :Asn_synthas 2-161: :209-450 
e 

422 PHE0006818_16399.pep Lactamase_B: :Flavodoxi 34-227::256-389::423-471 
n 1: :Rubredoxin 

423 PHE0006579_1603l.pep Thi4 63-306 

424 PHE0006808_16389.pep CCT 354-392 

425 PHE0008 l 60_18460.pep TPP _enzyme_N::TPP _e 45-221 ::243-376::431-578 
nzyme_M::TPP _enzyme 

C 
426 PHE0007571 _17834.pep GSH_synth_A TP 29-499 
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427 PHE0007586_17877.pep Chloroa_b-bind 64-261 

429 PHE0009729_21717.pep Homeobox::HALZ 67-123:: 124-168 

430 PHE0006424_15520.pep PsbW_2 1-133 

431 PHE0006392_15480.pep PsbP 106-322 

432 PHE0006589_16093.pep Thioredoxin 64-167 

433 PHE0009258_21487.pep Na_H_Exchanger 22-441 

434 PHE0006680_16226.pep 2OG-Fell_Oxy 187-287 

435 PHE0006481_16072.pep adh_short 33-181 

436 PHE0006269 _8820. pep TPR_2::TPR_l: :TPR_2:: 74-107:: 108-141:: 142-
TPR_l: :TPR_4: :TPR_2:: 175:: l 79-212::247-272::281-
TPR 1 314::349-382 

437 PHE0006783_16365.pep Aa_trans 32-469 

438 PHE0003151_18392.pep AP2::AP2 318-391 ::420-485 

439 PHE0008272_18723.pep HSF _DNA-bind 18-188 

440 PHE0008277 _18706.pep SNF5 172-400 

441 PHE0008 l 09 _18411.pep Sadl_UNC 203-330 

442 PHE0008280 _18826. pep Alpha-amylase 14-452 

443 PHE0002424_15825.pep adh_short 43-215 

444 PHE00069 l 4_16804.pep AAA 204-391 

445 PHE0006642_16172.pep p450 42-496 

447 PHE0009926_21079.pep DSPc 24-152 

448 PHE0006206_19159.pep Sina 106-305 

449 PHE0008274_18705.pep BURP 56-280 

450 PHE0009510_20526. pep Spermine_synth 38-283 

451 PHE0009937 _21097 .pep Spermine_synth 38-283 

452 PHE0009927 _21080. pep DSPc 24-162 

454 PHE0006445_15956.pep Allene_ox_cyc 74-253 

455 PHE0006987 _16893 .pep efhand::efhand 86-114::167-195 

456 PHE0004230_15865.pep E2F_TDP 146-211 

457 PHE0006814_16395.pep Bac_globin 26-144 

458 PHE0002773_15881.pep NTP _transferase 88-366 

459 PHE0006060_15842.pep ubiquitin:: ubiquitin: :ubiq 5-73::81-149:: 157-225::233-
uitin:: ubiquitin 301 

460 PHE0006850_16451.pep YABBY 6-166 

461 PHE0008043_18199.pep Homeobox::ST ART::M 25-85::164-374::693-840 
EKID..,A 

462 PHE0000125_18852.pep Response_reg: :CCT 28-153: :457-495 

463 PHE0008269_18720.pep Pkinase 23-279 

464 PHE0008264_18712.pep zf-UBR 40-109 

465 PHE0002782_20059.pep PGI 2-457 

466 PHE0009438_20404.pep GATA 191-226 
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467 PHE0009429 _20392.pep ParBc 70-151 

468 PHE0009440_20406.pep ParBc 11-126 

469 PHE0008543_18945.pep 1P _methylase 222-435 

470 PHE0006960_16857.pep Oxidored_molyb: :Mo- l 16-301::326-459::515-
co_dirner::Cyt- 588::633-740::759-872 
b5::FAD_binding_6::NA 
D binding 1 

471 PHE0009427_20389.pep IGPD 103-247 

472 PHE0006437 _15906.pep Pkinase 39-307 

473 PHE0007409_17652.pep DAGAT 64-340 

474 PHE0009426_20387 .pep PHP 2-281 

475 PHE0009430_20393.pep ParBc 44-128 

476 PHE0007003 _16906.pep PlPA 96-396 

477 PHE0008378_18741.pep bZIP_l 223-280 

478 PHE0008273_18725.pep zf-CCCH 80-106 

479 PHE0008547_18953.pep Fer2 20-95 

480 PHE0006922_16812.pep Hexokinase - 1: :Hexokina 44-251 ::258-501 
se 2 

481 PHE0006920_16810.pep AAA::Vps4_C 267-458::464-514 

482 PHE0008396_18765.pep Gln-synt_N: :Gln-synt_ C 68-148::154-406 

483 PHE0006957 _16854.pep Gln-synt_N: :Gln-synt_C 68-148::154-406 

484 PHE0006404_15936.pep RRM_l::RRM_l 8-77::112-182 

485 PHE0006820_16401.pep Lactamase_B::Flavin_Re 47-236::423-572 
duct 

486 PHE0006690_16236.pep MFS_l 57-421 

487 PHE0006395_15932.pep LRR_l::LRR_l::LRR_l 185-206::208-229::231-
: :LRR_l: :LRR_l: :LRR_ 252::254-272::278-299::349-
l::LRR 1 370::372-394 

488 PHE0006759_16384.pep SHMT 55-453 

489 PHE0006576_16028.pep Myb_DNA- 11-57::63-108 
binding: :Myb_DNA-
binding 

490 PHE0006979_16885.pep Tryp_alpha_amyl 33-111 

491 PHE0009786_21754.pep HLH 33-80 

492 PHE0006572_16007.pep Pkinase 11-269 

494 PHE0006588_16092.pep Thioredoxin 56-161 

495 PHE0006985 _16891. pep DUF1716 13-118 

496 PHE0006875_16688.pep PSI_PSAK 44-138 

497 PHE0006626_16155.pep Glyco_hydro_l 7 30-335 

498 PHE0006689_16235.pep Aa_trans 165-548 

499 PHE0006799 _16382.pep Bl2- 10-135::202-368 
binding::Radical SAM 
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500 PHE0006959_16856.pep Oxidored_molyb::Mo- 143-328::353-486::543-
co_dimer: :Cyt- 616::660-767::786-899 
b5::FAD_binding_6::NA 
D binding_! 

501 PHEOOl 1615_23861.pep Pkinase 267-523 

502 PHE0006925_16814.pep Timl7 4-133 

503 PHE0006713_16274.pep APC8::TPR_l::TPR_l:: 1-161 ::339-372::373-
TPR l 406::407-440 

504 PHE000844 7 _18848.pep Lirl 1-126 

505 PHE0006674_16221.pep PTR2 96-505 

506 PHE00I0613_22398.pep DAGK_cat 43-184 

507 PHE0002720_22558.pep DnaJ::DnaJ_CXXCXGX 90-151 ::218-301 ::314-436 
G::DnaJ_C 

508 PHE0011760_24005.pep Pkinase 400-656 

509 PHE0010612_22397.pep G-patch 15-59 

511 PHE000741 l_l 7654.pep Acyltransferase 136-283 

512 PHE0010617 _22402.pep Isochorismatase 27-210 

513 PHE0010610_22395.pep zf-C3HC4 103-144 

514 PHE0006883_16702.pep Glyco_transf_5: :Glycos_ 78-339::379-562 
transf_l 

515 PHE00 10636_22408.pep DUF6::TPT 105-230::239-384 

516 PHE00l 1082_23038.pep adh_short 19-187 

517 PHE0009475_20462.pep 2OG-Fell_Oxy 223-322 

518 PHE0007415_17661.pep EIN3 60-467 

519 PHE0006614_16129.pep Cellulase 19-358 

520 PHE0010611_22396.pep FMO-like 25-424 

521 PHE00l l 719_23946.pep Acyl transferase 69-222 

522 PHE0006861_16463.pep NPH3 166-409 

523 PHE0006568_16005.pep DUF26::DUF26::Pkinas 80-134::199-253::346-615 
e 

524 PHE0010652_22429.pep FtsJ 21-211 

525 PHE0008158_18448.pep PLA1Z 22-144 

526 PHE0003316_20755.pep Glyco_hydro_2_N: :Glyc 9-180::182-272::274-593 
o_hydro_2: :Glyco_hydro 

2 C 
527 PHE0009478_20470.pep 2OG-Fell_Oxy 229-328 

528 PHE0010395_21760.pep DUF716 109-266 

529 PHE0010391_21753.pep DUF640 28-160 

530 PHE0010396_21761.pep DUF716 109-265 

531 PHE0009511_22422.pep SAM_decarbox 5-337 

532 PHE0010614_22399.pep SOUL 28-211 

534 PHE00l 1454_23667 .pep Histone 56-126 

535 PHE00 11443 _2400 I .pep Histone 61-131 
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536 PHEOOI 1452_23665.pep Histone 58-132 

537 PHE0010394_21758.pep SAP18 29-150 

540 PHE0010100_21467.pep Pyr_redox_2::Fer2_BFD 5-285::420-472::554-
::NIR_SIR_ferr: :NIR_SI 621 ::629-775 
R 

541 PHE00l 1503_23734.pep GAF::HisKA::HATPase 158-307::343-408::455-586 
C -

542 PHE0010099 _21319.pep Molybdop_Fe4S4::Moly 1-55::58-475::570-681 ::811-
bdopterin: :Molydop_bin 863 
ding::Fer2 BFD 

543 PHE0011269_23400.pep Homeobox::START 21-78::215-437 

546 PHEOOl 1613_23858.pep AP2::AP2 62-136:: 165-230 

547 PHE0001582_22064.pep GAF: :HisKA::Response 195-344::380-445::645-761 
reg 

548 PHE0007 444_22314.pep Spermine_synth 90-349 

549 PHE0010543_22298.pep PBP 19-165 

550 PHE00 I 0543 _22323. pep PBP 19-157 

551 PHE0011081_23033.pep Sugar_tr 33-465 

552 PHE00l 1075_23026.pep P-II 73-175 

553 PHE0010100_21462.pep Pyr_redox_2: :Fer2_BFD 5-285::420-472::554-
::NIR_SIR_ferr::NIR_SI 621::629-775 
R 

554 PHE0009640_2 l 775 .pep Auxin_inducible 1-102 

555 PHE0010092_21307.pep S 1: :EIF _2_alpha 13-88:: 125-256 

556 PHE0004611_24123.pep PTR2 13-406 

557 PHE0010093_21308.pep SI ::EIF _2_alpha 13-88::125-256 

558 PHE0008605 _23084. pep Histone 58-128 

559 PHE0009939_21100.pep GDC-P 81-508 

560 PHE0009941_21105.pep mTERF 2-262 

561 PHE0009951_21135.pep Ribosomal_Ll 0e 1-176 

562 PHE0009943_21127 .pep Ribosomal_Ll0e 1-176 

563 PHE0009948_21132.pep Ribosomal_Ll0e 1-176 

564 PHE00 11084_23040. pep Peptidase_S 10 54-482 

565 PHE0008233_23042.pep Phi_l 40-314 

566 PHE00 10854_22730.pep RGS 294-412 

567 PHE0003797 _23051.pep zf-Dof 34-96 

568 PHE0010194_21769.pep Glyco_hydro_9 52-509 

570 PHEOOl 1665_23899.pep Chloroa_b-bind 63-260 

571 PHE0012178_24443.pep Whirly 53-191 

573 PHEOOl 1064_22994.pep TPR_l 73-106 

577 PHE00l 1446_23659.pep Histone 58-132 

578 PHE0001424_22077 .pep Agglutinin 55-193 
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579 PHE00l 1445_23658.pep C2 6-87 

580 PHE0010090_21297.pep LRRNT_2::LRR_l ::LR 33-73::78-101 ::103-127:: 129-
R_l::LRR_l::LRR_l::L 151 ::l 77-199::226-248::274-
RR_l: :LRR_l ::LRR_l :: 296::298-320::322-341::395-
LRR_l: :LRR_l: :LRR_l 417: :444-466: :468-490: :492-
::LRR_l: :LRR_l: :LRR_ 514::516-538: :540-562::564-
l::LRR_l::LRR_l::Pkin 585::678-952 
ase Tyr 

581 PHE0012180_24445.pep B3 516-619 

582 PHE00 11083 _23039. pep adh_short 44-200 

583 PHE00l 1085_23041.pep Peptidase_S 10 31-459 

584 PHE0012175_24440.pep CXC::CXC 457-498::543-584 

585 PHE0012177_24442.pep Whirly 91-229 

587 PHE0010194_21426.pep Glyco_hydro_9 52-509 

588 PHE00l 1666_23900.pep Spermine_synth 46-291 

589 PHEOO 11448_24 l 60. pep Histone 25-90 

590 PHE0008324_18636.pep DUF1005 256-460 

591 PHE0006971 _16875.pep Myb_DNA- 14-61::67-112 
binding::Myb_DNA-
binding 

592 PHE0009939 _2114 7. pep GDC-P 81-508 

593 PHE0009953_21137 .pep Na_sulph_symp 110-578 

595 PHE0008557 _18970.pep NAD_binding_l 234-350 

596 PHE0006443_15955.pep YDG_SRA::Pre- 360-519::543-639::641-771 
SET::SET 

Table 12. Description of pfam domains 

Pfam domain name Accession Gathering Domain description number cutoff 
2OG-FeII Oxy PF03171.10 11.5 2OG-Fe(II) oxygenase superfamily 
4HBT PF03061.12 20.6 Thioesterase superfamily 

6-phosphogluconate dehydrogenase, C-
6PGD PF00393.9 -232.3 terminal domain 

ATPase family associated with various 
AAA PF00004.19 12.3 cellular activities (AAA) 
AA kinase PF00696.18 -40 Amino acid kinase family 
AA_permease PF00324.11 -120.8 Amino acid permease 
AP2 PF00847.10 0 AP2 domain 

Anaphase promoting complex subunit 8 / 
APC8 PF04049.4 -19.8 Cdc23 

Transmembrane amino acid transporter 
Aa trans PF01490.8 -128.4 protein 
Acyltransferase PF01553.ll -0.4 Acyltransferase 
Ag_glutinin PF07468.2 25 A!:!J!lutinin 
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Allene_ox_cyc PF06351.2 25 Allene oxide cyclase 
Alpha-amylase PF00128.14 -92.6 Alpha amylase, catalytic domain 
Ank PF00023.20 0 Ankyrin repeat 
ApbA PF02558.6 -16.2 Ketopantoate reductase PanE/ ApbA 
Asn synthase PF00733.ll -52.8 Asparagine synthase 
Auxin_inducible PF02519.5 -15 Auxin responsive protein 
B 12-binding PF02310.9 19.6 Bl2 binding domain 
B3 PF02362.12 26.5 B3 DNA binding domain 
BURP PF03181.6 -52 BURP domain 
Bac_globin PF01152.ll -12.7 Bacterial-like globin 
C2 PF00168.20 3.7 C2 domain 

Histone-like transcription factor 
CBFD NFYB HMF PF00808.13 18.4 (CBF/NF-Y) and archaeal histone 
CCT PF06203.4 25 CCT motif 
CN_hydrolase PF00795.12 -13.9 Carbon-nitrogen hydrolase 
CXC PF03638.5 25 TesminffSOl-like CXC domain 
Cellulase PF00150.8 -49.3 Cellulase (glycosyl hydrolase family 5) 
Chloroa_b-bind PF00504.12 -31.9 Chlorophyll A-B binding protein 
CorA PF01544.9 -61.3 CorA-like Mg2+ transporter protein 

Cytochrome b5-like Heme/Steroid 
Cyt-b5 PF00173.18 4 binding domain 
Cvtochrom C552 PF02335.6 -166 Cytochrome c552 
DAGAT PF03982.3 -151.7 Diacylglycerol acyltransferase 

Diacylglycerol kinase catalytic domain 
DAGK cat PF00781.14 -5.7 (presumed) 
DAO PF01266.14 -35 FAD dependent oxidoreductase 
DEAD PF00270.19 7.2 DEAD/DEAH box helicase 
DNA photolyase PF00875.8 26.1 DNA photolyase 

Dual specificity phosphatase, catalytic 
DSPc PF00782.ll -21.8 domain 
DUF1005 PF06219.3 25 Protein of unknown function (DUF1005) 

Eukaryotic domain of unknown function 
DUF1716 PF08216.2 25 (DUF1716) 
DUF26 PF01657.8 0 Domain of unknown function DUF26 
DUF6 PF00892.ll 20.8 Integral membrane protein DUF6 
DUF640 PF04852.3 2.4 Protein of unknown function (DUF640) 
DUF716 PF04819.3 -18.4 Family of unknown function (DUF716) 
DnaJ PF00226.21 -8 DnaJ domain 
DnaJ C PF01556.9 -24 DnaJ C terminal region 
DnaJ CXXCXGXG PF00684.9 1 DnaJ centraldomain (4 repeats) 

E2F/DP family winged-helix DNA-
E2F_TDP PF02319.ll 17 binding domain 

Eukaryotic translation initiation factor 2 
EIF_2 alpha PF07541.2 -4.2 alpha subunit 
EIN3 PF04873.4 -137.6 Ethylene insensitive 3 

Glutamate/Leucine/PhenylalanineNaline 
ELFV dehydrog PF00208.ll -27 dehydrogenase 
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Glu/Leu/PheN al dehydrogenase, 
ELFV dehydrog_N PF02812.8 31.8 dimerisation domain 
ELK PF03789.4 25 ELK domain 
F-box PF00646.23 13.9 F-box domain 
FAD_binding_3 PF01494.9 -136.6 FAD binding domain 
FAD bindine 6 PF00970.14 -11.4 Oxidoreductase FAD-binding domain 
FAD binding_? PF03441.4 25 FAD binding domain of DNA photolyase 
FMO-like PF00743.9 -381.6 Flavin-binding monooxygenase-like 
Fe bilin red PF05996.3 25 Ferredoxin-deoendent bilin reductase 

2Fe-2S iron-sulfur cluster binding 
Fer2 PF00lll.17 7 domain 
Fer2_BFD PF04324.5 25 BFD-like [2Fe-2S] binding domain 
Flavin Reduct PF01613.8 -18 Flavin reductase like domain 
Flavodoxin 1 PF00258.15 6.3 Flavodoxin 
FtsJ PF01728.9 -50.2 FtsJ-like methyltransferase 
G-patch PF01585.13 18.3 G-patch domain 
GAF PF01590.16 23 GAF domain 
GATA PF00320.17 28.5 GATA zinc finger 
GATase 2 PF00310.ll -95.1 Glutamine amidotransferases class-II 
GDC-P PF02347.6 -306.2 Glycine cleavage system P-protein 
GSHPx PF00255.10 -16 Glutathione peroxidase 

Eukaryotic glutathione synthase, ATP 
GSH_synth_ATP PF03917.8 -129.9 binding domain 
GSH synthase PF03199.6 25 Eukaryotic glutathione synthase 

Glutathione S-transferase, C-terminal 
GST C PF00043.15 22.3 domain 

Glutathione S-transferase, N-terminal 
GST N PF02798.10 14.6 domain 
GUN4 PF05419.3 25 GUN4-like 
Gln-svnt C PF00120.14 -124 Glutamine svnthetase, catalytic domain 
Gln-svnt N PF03951.9 9 Glutamine svnthetase, beta-Grasp domain 
Globin PF00042.12 -8.8 Globin 
Glutaredoxin PF00462.14 17.2 Glutaredoxin 
Glyco hydro 17 PF00332.9 -152.3 Glycosyl hydrolases family 17 

Glycosyl hydrolases family 2, 
immunoglobulin-like beta-sandwich 

Glyco_hydro_2 PF00703.ll -19.3 domain 
Glycosyl hydrolases family 2, TIM barrel 

Glyco hydro 2 C PF02836.7 -127.7 domain 
Glycosyl hydrolases family 2, sugar 

Glyco hydro 2 N PF02837.8 -46.9 binding domain 
Glyco hydro 9 PF00759.9 -246.7 Glycosyl hydrolase family 9 
Glyco transf 5 PF08323.2 -114.9 Starch synthase catalytic domain 
Glycos_transf_l PF00534.10 -7.3 Glycosyl transferases group 1 

Glyoxalase/Bleomycin resistance 
Glyoxalase PF00903.15 12.1 protein/Dioxygenase superfamily 
HALZ PF02183.8 17 Homeobox associated leucine zipper 
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Histidine kinase-, DNA gyrase B-, and 
HATPase c PF02518.16 22.4 HSP90-like ATPase 
HLH PF000l0.16 8.3 Helix-loop-helix DNA-binding domain 
HSF DNA-bind PF00447.8 -70 HSF-type DNA-binding 
Helicase C PF00271.21 2.1 Helicase conserved C-terminal domain 
Hexokinase 1 PF00349.ll -110.3 Hexokinase 
Hexokinase 2 PF03727.6 -131.3 Hexokinase 
HisKA PF00512.15 10.3 His Kinase A (phosphoacceptor) domain 
Histone PF00125.14 17.4 Core histone H2A/H2B/H3/H4 
Histone HNS PF00816.ll 25 H-NS histone family 
Homeobox PF00046.19 -4.1 Homeobox domain 
IGPD PF00475.9 25 Imidazoleglycerol-phosphate dehydratase 
Isoamylase N PF02922.8 -6.5 Isoamylase N-terminal domain 
Isochorismatase PF00857.ll -46 Isochorismatase family 
KNOXl PF03790.4 25 KNOXl domain 
KNOX2 PF03791.4 25 KNOX2 domain 
KR PF08659.l -74.3 KR domain 
Kelch 1 PF01344.15 7.8 Kelch motif 
Kelch 2 PF07646.5 14 Kelch motif 
LEA 3 PF03242.4 25 Late embryogenesis abundant protein 
LRRNT 2 PF08263.3 18.6 Leucine rich repeat N-terminal domain 
LRR 1 PF00560.23 7.7 Leucine Rich Repeat 
LRR 2 PF07723.3 6 Leucine Rich Repeat 
Lactamase B PF00753.17 24.6 Metallo-beta-lactamase superfamily 

lactate/malate dehydrogenase, alpha/beta 
Ldh 1 C PF02866.8 -13 C-terminal domain 

lactate/malate dehydrogenase, N AD 
Ldh l N PF00056.13 -31.3 binding domain 
Lirl PF07207.2 25 Light rem.ilated protein Lir 1 
MBD PF01429.i0 12.9 Methyl-CpG binding domain 
MEKHLA PF08670.l -59.7 MEKHLA domain 
MFS 1 PF07690.6 23.5 Major Facilitator Superfamily 
MGS PF02142.12 3 MGS-like domain 
Miro PF08477.3 10.8 Miro-like protein 
Mit rib S27 PF08293.2 25 Mitochondrial ribosomal subunit S27 

Mo-co oxidoreductase dimerisation 
Mo-co dimer PF03404.6 25 domain 

Molybdopterin ox.idoreductase Fe4S4 
Molybdop Fe4S4 PF04879.6 13.6 domain 
Molybdopterin PF00384.12 -50 Molybdopterin ox.idoreductase 

Molydopterin dinucleotide binding 
Molydop binding PF01568.ll 1.1 domain 
MtN3 slv PF03083.6 9.7 MtN3/saliva family 
Myb DNA-binding PF00249.21 14 Myb-like DNA-binding domain 

NAD-dependent gl ycerol-3-phosphate 
NAD Gly3P dh C PF07479.4 -50.8 dehydrogenase C-terminus 
NAD Gly3P dh N PF01210.13 -44 NAD-dependent glycerol-3-phosphate 
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dehydrogenase N-terminus 
NAD binding 1 PF00175.ll -3.9 Oxidoreductase NAD-binding domain 

NAD binding domain of 6-
NAD _binding_2 PF03446.5 -63.5 phosphogluconate dehydrogenase 

Nitrite and sulphite reductase 4Fe-4S 
NIR SIR PF01077.12 -19.6 domain 

Nitrite/Sulfite reductase ferredoxin-like 
NIR SIR ferr PF03460.7 2.4 half domain 
NPH3 PF03000.5 25 NPH3 family 
NTP transferase PF00483.13 -90.5 Nucleotidyl transferase 
NUDIX PF00293.18 0.2 NUDIX domain 
Na_H_Exchanger PF00999.ll -67.9 Sodium/hydrogen exchanger family 
N a_H_antiport_l PF06965.2 -270.8 Na+/H+ antiporter 1 

Sodium:sulfate syrnporter transmembrane 
Na sulph svmo PF00939.9 -259 region 

Oxidoreductase molybdopterin binding 
Oxidored molyb PF00174.9 -39.6 domain 
P-Il PF00543.12 -29 Nitrogen regulatory protein P-Il 
PALP PF00291.15 -70 Pvridoxal-phosphate dependent enzvme 
PAS PF00989.14 0 PAS fold 
PAS_3 PF08447.1 13.4 PAS fold 

Phosphatidylethanolamine-binding 
PBP PF01161.10 -20.6 protein 
PFK PF00365.10 -132 Phosphofructokinase 
PGI PF00342.9 -168.9 Phospho.e;lucose isomerase 
PHP PF02811.9 13.8 PHPdomain 
PLATZ PF04640.4 20 PLATZ transcription factor 
PMSR PF01625.ll -62 Peptide methionine sulfoxide reductase 
PP2C PF00481.12 -44 Protein phosphatase 2C 
PSI_PSAK PF01241.9 25 Photosystem I psaG / psaK 

Phosphotyrosyl phosphate activator 
PTPA PF03095.5 -106 (PTPA) protein 
PTR2 PF00854.12 -50 POT family 
PaO PF08417.2 25 Pheophorbide a oxygenase 
ParBc PF02195.8 25 ParB-like nuclease domain 
Peptidase SlO PF00450.12 -198 Serine carboxypeptidase 

Phosphate-induced protein 1 conserved 
Phi_l PF04674.3 25 region 
Pkinase PF00069.15 -70.3 Protein kinase domain 
Pkinase Tyr PF07714.7 65 Protein tyrosine kinase 
Pre-SET PF05033.6 3.9 Pre-SET motif 
Pribosyltran PF00156.17 2 Phosphoribosyl transferase domain 
Prismane PF03063.10 -169.3 Prismane/CO dehydrogenase family 
Proteasome PF00227.16 -36.7 Proteasome A-type and B-type 
PsbP PF01789.7 25 PsbP 

Oxygen evolving enhancer protein 3 
PsbQ PF05757.2 25 (PsbQ) 
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Photosystem II reaction centre W protein 
PsbW 2 PF07123.2 -25.8 (PsbW) 

Pyridine nucleotide-disulphide 
Pvr redox PF00070.17 5 oxidoreductase 

Pyridine nucleotide-disulphide 
Pvr redox 2 PF07992.4 -20 oxidoreductase 
RGS PF00615.9 10 Regulator of G protein signaling domain 

Retinal pigment epithelial membrane 
RPE65 PF03055.6 -156.5 protein 

RNA recognition motif. (a.k.a. RRM, 
RRM_l PF00076.12 17.7 RBD, or RNP domain) 
Radical SAM PF04055.ll 8.5 Radical SAM superfamily 
Ras PF00071.12 -69.9 Ras family 
Response reg PF00072.14 4 Response regulator receiver domain 
Ribosomal_Ll 0e PF00826.8 25 Ribosomal LIO 
Ribosomal S2 PF00318.10 -22 Ribosomal protein S2 
Rieske PF00355.16 -7 Rieske [2Fe-2S] domain 
Rubredoxin PF00301.10 12.1 Rubredoxin 
Sl PF00575.13 16.8 S 1 RNA binding domain 
SlO plectin PF03501.5 25 Plectin/S 10 domain 
SAM_decarbox PF01536.7 -154 Adenosylmethionine decarboxylase 
SAP18 PF06487.3 -49.7 Sin3 associated polypeptide p18 (SAP18) 
SET PF00856.i8 23.5 SET domain 
SHMT PF00464.10 -238.5 Serine hydroxymethyltransferase 
SNF5 PF04855.3 25 SNF5 I SMARCB 1 / INil 
SOUL PF04832.3 25 SOUL heme-binding protein 
START PF01852.10 -20.7 ST ART domain 
SWIM PF04434.8 11 SWIM zinc finger 
Sadl_UNC PF07738.3 -20.4 Sadl / UNC-like C-terminal 
Sina PF03145.7 -48.4 Seven in absentia protein family 
Spermine synth PF01564.7 -93.8 Spermine/spermidine synthase 
Sterol_desat PF01598.8 -13 Sterol desaturase 
Sugar tr PF00083.14 -85 Sugar (and other) transporter 

Thiamine pyrophosphate enzyme, C-
TPP _enzyrne_C PF02775.ll 19.7 terminal TPP binding domain 

Thiamine pyrophosphate enzyme, central 
TPP enzyme M PF00205.12 -8.1 domain 

Thiamine pyrophosphate enzyme, N-
TPP enzyme N PF02776.8 -70 terminal TPP binding domain 
TPR I PF00515.18 7.7 Tetratricopeptide repeat 
TPR 2 PF07719.7 20.1 Tetratricooeotide repeat 
TPR_4 PF07721.5 15 Tetratricopeptide repeat 
TPT PF03151.7 -15.3 Triose-phosphate Transporter family 

Tetrapyrrole (Corrin/Porphyrin) 
TP _methylase PF00590.10 -38 Methylases 
Thi4 PF01946.7 -65.1 Thi4 family 
Thioredoxin PF00085.10 -25.7 Thioredoxin 
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Pfam domain name Accession Gathering Domain description 
number cutoff 

Timl7 PF02466.9 2.7 Timl 7 /fim22/fim23 family 
Protease inhibitor/seed storage/LTP 

Tryp alpha amyl PF00234.12 -4 family 
UAA PF08449.2 -146.2 UAA transporter family 
VPS28 PF03997.3 25 VPS28 protein 
Vps4 C PF09336.l -4.6 Vps4 C terminal oligomerisation domain 
WD40 PF00400.22 21.5 WD domain, G-beta repeat 
Whirly PF08536.2 25 Whirly transcription factor 
YABBY PF04690.4 25 Y ABBY protein 
YDG SRA PF02182.8 25 YDG/SRA domain 
adh short PF00106.15 -40.2 short chain dehydrogenase 
bZIP 1 PF00170.l l 24.5 bZIP transcription factor 
bZIP 2 PF07716.5 15 Basic region leucine zipper 
eIF-la PF01176.9 20 Translation initiation factor IA / IF-1 
efhand PF00036.22 21.7 EF hand 
mTERF PF02536.5 -60 mTERF 
p450 PF00067.12 -105 Cytochrome P450 
peroxidase PF00141.13 -10 Peroxidase 
tRNA-synt 2 PF00152.11 -168.2 tRNA synthetases class II (D, K and N) 
tRNA anti PF01336.15 8 OB-fold nucleic acid binding domain 
ubiquitin PF00240.13 19.4 Ubiquitin family 
zf-C3HC4 PF00097.15 16 Zinc finger, C3HC4 type (RING finger) 

Zinc finger C-x8-C-x5-C-x3-H type (and 
zf-CCCH PF00642.15 0 similar) 
zf-Dof PF02701.6 25 Dof domain, zinc finger 

Putative zinc finger in N-recognin (UBR 
zf-UBR PF02207.10 25 box) 

Example 9. Selection of transgenic plants with enhanced agronomic trait(s) 
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This example illustrates the preparation and identification by selection of transgenic 

seeds and plants derived from transgenic plant cells of this invention where the plants and seed 

are identified by screening for a transgenic plant having an enhanced agronomic trait imparted 

by expression of a protein selected from the group including the homologous proteins identified 

5 in Example 6. Transgenic plant cells of corn, soybean, cotton, canola, alfalfa, wheat and rice 

are transformed with recombinant DNA for expressing each of the homologs identified in 

Example 6. Plants are regenerated from the transformed plant cells and used to produce 

progeny plants and seed that are screened for enhanced water use efficiency, enhanced cold 

tolerance, increased yield, enhanced nitrogen use efficiency, enhanced seed protein and 

10 enhanced seed oil. Plants are identified exhibiting enhanced traits imparted by expression of the 

homologous proteins. 

- 140 -

Case No.: IPR2023-00321 
U.S. Patent No. 10,689,656



 
Motif Exhibit 1040, Page 571 of 1537

WO 2009/009142 PCT/US2008/008557 

What is claimed is: 

1. A plant cell nucleus with stably integrated, recombinant DNA construct, wherein said 

recombinant DNA construct comprises a promoter that is functional in a plant cell and that is 

5 operably linked to a DNA segment encoding a protein comprising an amino acid sequence of 

SEQ ID NO: 309; and 

wherein said recombinant DNA construct is stably integrated into a chromosome in said plant 

cell nucleus which is selected by screening a population of transgenic plants that have said 

recombinant DNA construct and an enhanced trait as compared to control plants that do not 

10 have said recombinant DNA construct in their nuclei; and 

15 

wherein said enhanced trait is selected from group of enhanced traits consisting of enhanced 

water use efficiency, enhanced cold tolerance, enhanced heat tolerance, enhanced high salinity 

tolerance, enhanced shade tolerance, increased yield, enhanced nitrogen use efficiency, 

enhanced seed protein and enhanced seed oil. 

2. A recombinant DNA construct comprising a promoter that is functional in a plant cell 

and that is operably linked to a DNA segment that encodes: 

a. at least one protein having an amino acid sequence comprising a Pfam domain module 

selected from the group consisting of zf-CCCH, PALP, GAF::HisKA::HATPase_c, 

20 TPR_2: :TPR_l ::TPR_2: :TPR_l: :TPR_ 4: :TPR_2: :TPR_l, efhand: :efhand, Spermine_synth, 

ELFV _dehydrog_N::ELFV _dehydrog, PFK, PAS_3::PAS_3::Pkinase, SI, GDC-P, SWIM, 

Bl2-binding::Radical_SAM, SI, LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l, 

Chloroa_b-bind, 

LRRNT_2::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR 

25 _l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::Pkinase, 

WD40::WD40, Y ABBY, Ldh_l_N::Ldh_l_C, Sina, Na_H_antiport_l, ParBc, Y ABBY, 

Histone, Fe_bilin_red, Tryp_alpha_amyl, Pyr_redox_2::Thioredoxin, E2F _TDP, CN_hydrolase, 

YDG_SRA::Pre-SET::SET, APC8::TPR_l::TPR_l::TPR_l, Ras, tRNA_anti::tRNA-synt_2, 

Auxin_inducible, PGI, SI, Chloroa_b-bind, Bac_globin, Glyco_hydro_17, MGS, 

30 Spermine_synth, LRRNT _2: :LRR_l: :LRR_l: :LRR_l: :LRR_l: :LRR_l: :Pkinase, Aa_trans, 

LRRNT _2::LRR_l: :LRR_l: :LRR_l: :LRR_l: :LRR_l: :LRR_l ::LRR_l: :LRR_l: :LRR_l: :LRR 
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_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::Pkinase_Tyr, Gln-synt_N::Gln-synt_C, SAP18, 

TPP _enzyme_N::TPP _enzyme_M::TPP _enzyme_C, zf-C3HC4, eIF-la, RPE65, PBP, Pkinase, 

AA_permease, F-box: :LRR_l: :LRR_2, zf-CCCH::zf-CCCH, 

Lactamase_B::Flavodoxin_l::Flavin_Reduct, Bac__globin, DSPc, adh_short, Timl 7, 

5 Oxidored_molyb::Mo-co_dimer::Cyt-b5::FAD_binding_6::NAD_binding_l, 

ubiquitin::ubiquitin::ubiquitin::ubiquitin, MBD, CXC::CXC, HSF _DNA-bind, Spermine_synth, 

AP2, Peptidase_SlO, PALP, EIN3, Gln-synt_N::Gln-synt_C, 2OG-FeII_Oxy, Glyco_hydro_9, 

GDC-P, B3, PTPA, Acyltransferase, Isochorismatase, FMO-like, 

Molybdop_Fe4S4: :Molybdopterin: :Molydop_binding::Fer2_BFD, Lir 1, Prismane, Fer2, 

10 DEAD: :Helicase_ C, Molybdop_Fe4S4: :Molybdopterin: :Molydop_binding: :Fer2_BFD, 

KNOX1::KNOX2::ELK, Glyoxalase, Sadl_UNC, Bac__globin, VPS28, PP2C, 

Pkinase::efhand::efhand::efhand, LEA_3, Peptidase_SlO, Pkinase, CBFD_NFYB_HMF, Gln­

synt_N::Gln-synt_C, Pyr_redox_2::Fer2_BFD::NIR_SIR_ferr::NIR_SIR, NUDIX::NUDIX, 

FAD_binding_3, GST_N::GST_C, SAM_decarbox, Acyltransferase, NTP _transferase, G-patch, 

15 2OO-Fell_Oxy, Gln-synt_N::Gln-synt_C, AAA::Vps4_C, Histone, Pkinase, TPR_l, F­

box::Kelch_l::Kelch_l, Spermine_synth, Bac_globin, Bac_globin, zf-UBR, 

Homeobox::HALZ, Whirly, NAD_binding_l, PTR2, EIN3, 4HBT, adh_short, 2OO-Fell_Oxy, 

P-11, Myb_DNA-binding::Myb_DNA-binding, DAGK_cat, AP2, MFS_l, Chloroa_b-bind, 

DUF716, zf-Dof, CCT, Homeobox::HALZ, Histone, 2OG-FeII_Oxy, Globin, 

20 Pyr_redox_2::Fer2_BFD::NIR_SIR_ferr::NIR_SIR, Whirly, PsbP, bZIP _l, 

LRRNT_2::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR 

_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::Pkinase_Tyr, Phi_l, BURP, 

Sterol_desat, DSPc, SNF5, Acyltransferase, GATase_2::Asn_synthase, adh_short, 

Horneobox::START, Pkinase, ParBc, SOUL, DNA_photolyase::FAD_binding_7, Pkinase_Tyr, 

25 NAD_Gly3P _dh_N::NAD_Gly3P _dh_C, Na_H_Exchanger, peroxidase, Oxidored_molyb::Mo­

co_dimer::Cyt-b5::FAD_binding_6::NAD_binding_l, Hexokinase_l::Hexokinase_2, DUF716, 

S IO_plectin, Thi4, p450, CCT, adh_short, PSI_PSAK, DUF640, Thioredoxin, Globin, 

Ank::Pkinase, DAGAT, RPE65, Ank::Pkinase, GSHPx, Gln-synt_N::Gln-synt_C, 

MtN3_slv::MtN3_slv, Allene_ox_cyc, IGPD, MBD, CorA, Response_reg, Histone, AAA, 

30 Ribosornal_LIOe, Pkinase, DUF26::DUF26::Pkinase, p450, mTERF, AA_kinase, PBP, GUN4, 

Lactamase_B::Flavodoxin_l::Rubredoxin, C2, RRM_l::RRM_l, Histone, Alpha-amylase, 
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HLH, Thioredoxin, Histone_HNS, Myb_DNA-binding::Myb_DNA-binding, Cytochrom_C552, 

AP2::AP2, MtN3_slv::MtN3_slv, SHMT, ParBc, Mit_rib_S27, Ribosomal_S2, 

KNOX1::KNOX2::ELK, MFS_l, Glyco_transf_5::Glycos_transf_l, Cellulase, 

Ribosomal_Ll 0e, Spermine_synth, GI yco_hydro_2_N: :Glyco_hydro_2: :Glyco_hydro_2_ C, 

5 TP _methylase, AP2::AP2, Histone, Response_reg::CCT, Histone_HNS, DUF1716, p450, 

GATA, Pkinase, Sugar_tr, Aa_trans, Pribosyltran, Ribosomal_Ll 0e, HLH, PMSR, 

DnaJ::DnaJ_CXXCXGXG::DnaJ_C, DUF1005, Glyco_transf_5::Glycos_transf_l, 

Spermine_synth, Sl::EIF _2_alpha, RGS, Na_sulph_symp, SI, MtN3_slv::MtN3_slv, 

Lactamase_B: :Flavin_Reduct, 

10 LRRNT_2::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR 

_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::Pkinase, 

Chloroa_b-bind, PTR2, Agglutinin, PLATZ, NPH3, Auxin_inducible, PTR2, 

GAF::HisKA::Response_reg, PsbQ, GSH_synth_ATP, GATase_2::Asn_synthase, PHP, FtsJ, 

DUF6::TPT, Proteasome, PsbW _2, Glyco_hydro_9, NAD_binding_2::6PGD, Sl::EIF _2_alpha, 

15 Homeobox::START::MEKHLA, SI, Isoamylase_N::Alpha-amylase, E2F_TDP, and 

Rieske: :PaO; 

b. a protein comprising an amino acid sequence with at least 90% identity to a consensus amino 

acid sequence selected from the group consisting of SEQ ID NO: 30526 through 30550; 

c. a protein comprising an amino acid sequence selected from the group consisting of SEQ ID 

20 NOs 352, 493, 533 and 544, and homologs thereof listed in Table 8; 

d. a protein having an amino acid sequence having at least 70% identity to an amino acid 

sequence selected from the group consisting of SEQ ID NOs 320 and 383; or 

e. a protein having an amino acid sequence selected from the group consisting of SEQ ID NO: 

299 through SEQ ID NO: 30468; 

25 and wherein said recombinant DNA construct is stably integrated into a chromosome in a plant 

cell nucleus which is selected by screening a population of transgenic plants that have said 

recombinant DNA construct and an enhanced trait as compared to control plants that do not 

have said recombinant DNA construct in their nuclei; and wherein said enhanced trait is 

selected from group of enhanced traits consisting of enhanced water use efficiency, enhanced 

30 cold tolerance, enhanced heat tolerance, enhanced high salinity tolerance, enhanced shade 
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tolerance, increased yield, enhanced nitrogen use efficiency, enhanced seed protein and 

enhanced seed oil. 

3. A transgenic plant cell nucleus comprising a recombinant DNA construct of claim 2. 

4. A transgenic plant cell having a plant cell nucleus of claim 3. 

5. The transgenic plant cell of claim 4 wherein said transgenic plant cell is homozygous for 

said recombinant DNA construct. 

6. The transgenic plant cell of claim 4 further comprising DNA expressing a protein that 

provides tolerance from exposure to an herbicide applied at levels that are lethal to a wild type 

of said plant cell. 

7. The transgenic plant cell of claim 5 wherein said herbicide is a glyphosate, dicamba, or 

glufosinate compound. 

8. A transgenic plant comprising a plurality of plant cells of claim 4. 

9. The transgenic plant of claim 8 wherein said transgenic plant is homozygous for said 

recombinant DNA construct. 

10. A transgenic seed comprising a recombinant DNA construct of claim 2. 

11. The transgenic seed of claim 10 from a com, soybean, cotton, canola, alfalfa, wheat or 

rice plant. 

12. A transgenic pollen grain comprising a recombinant DNA construct of claim 2. 

30 13. A method for manufacturing transgenic seeds that can be used to produce a crop of 

transgenic plants with an enhanced trait resulting from expression of a DNA segment in a plant 
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cell nucleus comprising a recombinant DNA construct of claim 2, wherein said method 

comprises: 

(a) screening a population of plants for said enhanced trait and said recombinant DNA 

construct, wherein individual plants in said population can exhibit said trait at a level less than, 

5 essentially the same as or greater than the level that said trait is exhibited in control plants which 

do not contain said recombinant DNA construct, wherein said enhanced trait is selected from 

the group of enhanced traits consisting of enhanced water use efficiency, enhanced cold 

tolerance, enhanced heat tolerance, enhanced high salinity tolerance, enhanced shade tolerance, 

increased yield, enhanced nitrogen use efficiency, enhanced seed protein and enhanced seed oil; 

10 (b) selecting from said population one or more plants that exhibit said trait at a level greater 

than the level that said trait is exhibited in control plants; and 

(c) collecting seeds from selected plant selected from step b. 

14. The method of claim 13, wherein said method further comprises_;_ 

15 (a) verifying that said recombinant DNA construct is stably integrated in said selected 

plants; and 

20 

25 

(b) analyzing tissue of said selected plant to determine the expression of a protein having 

the function of a protein having an amino acid sequence selected from the group consisting of 

one of SEQ ID NO: 299 through SEQ ID NO: 30468. 

15. The method of claim 14 wherein said seed is corn, soybean, cotton, alfalfa, canola wheat 

or rice seed. 

16. 

(a) 

A method of producing hybrid com seed comprising: 

acquiring hybrid com seed from a herbicide tolerant corn plant which also has a stably-

integrated, recombinant DNA construct of claim 2; 

(b) producing com plants from said hybrid com seed, wherein a fraction of the plants 

produced from said hybrid corn seed is homozygous for said recombinant DNA construct, a 

fraction of the plants produced from said hybrid corn seed is hemizygous for said recombinant 

30 DNA construct, and a fraction of the plants produced from said hybrid corn seed has none of 

said recombinant DNA construct; 
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(c) selecting com plants which are homozygous or hemizygous for said recombinant DNA 

construct by treating with an herbicide; 

(d) collecting seeds from herbicide-treated-surviving com plants and planting said seed to 

produce further progeny com plants; 

5 (e) repeating steps (c) and (d) at least once to produce an inbred com line; and 

(f) crossing said inbred com line with a second com line to produce hybrid com seed. 

- 146 -

Case No.: IPR2023-00321 
U.S. Patent No. 10,689,656



 
Motif Exhibit 1040, Page 577 of 1537

5 

15 

20 

25 

WO 2009/009142 
38-21(54973)B Mark ABAD 07/10/2008 

Transgenic Plants With Enhanced Agronomic Traits 
Figure 1 of 4 

PCT /US2008/008557 

Fig. 1 
SEQ ID NO: 
4210 
4213 
23796 
5323 
9197 
22010 
2187 
26922 
12208 
27336 
19871 
11517 
8202 
6010 
16802 
301 
2040 
6920 
5087 
5965 
3372 
consensus 
30526 

hornolog SEQ ID NOs 

-----------------------MASNIMQRCNVFMSERVKLHAAMLALQFGYAGFHIVS 
-----------------------MSP---------VPERTKLHIAMAVFQTGYAGNHVIM 
--------.---------------------MVHGRLCNRDGWILTAMVVTEFSNVGVNTLV 
-----------------------------MVHGRLCNRDGWILTAMVVTEFSNVGVNTLV 

----------------------------MAGAVSLWRREAVFLTAMLAGETSIVGLSTLF 
----------------------------MAGAVSLWRREAVFLTAMLAGETSIVGLSTLF 
----------------------------MAGAVSLWRREAVFLTAMLAGETSIVGLSTLF 
-------------------------MPIMAGTASPWRREAVFLTAMLVVETSVVGISTLF 

-------------------------MPIMAGTASPWRREAVFLTAMLVVETSVVGISTLF 

----------------------------MARTVSLWRREAVFLTAMLATETGVVGISTLF 

------------------------------MTRKYFQREVLPVTALVIMECANVGLNTLF 

----------------------MKKEMI---------EEVVIVGGLVMVQFVYAGNSLLM 
MEGLLSYRSNVLRNIMREREKDRKKMLISEIFSENEDEEVVIIGGLVMVQFVYAGNSLLM 
----------------------------MAAVAMADGGGKKPYVVAVAIQAINTGTFVVS 
----------------------------xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

RAALNMGVSKVVFPVYRNILALMLIGPCAYFLEKKERPALTLSFLIQFFLLALCGITGQS 
30 RFALNLGVSKLIFPLYRNIIALSVLAPSAFFLEKKERPRMTTSLLIQFFLLGLVGITLNQ 

KAATSKGLSPFVVLVYSYTFGSLLLLPLTFFSFRSRSLPPLTFSILCNMGILGLIASAFQ 
KAATSKGLSPFVVLVYSYTFGSLLLLPLTFFSFR----------------------SAFQ 
---------------------------------------------------------MYV 

KVATSKGLNIYPFLSYSYLLASLLLLPSLFFTN--------SASILSKIGLLGFLGSMYV 
35 KVATSKGLNIYPFLSYSYLLASLLLLPSLFFTNRSRSLPPLSASILSKIGLLGFLGSMYV 

KVATSKGLNIYPFLSYSYLLASLLLLPSLFFTNRSRSLPPLSASILSKIGLLGFLGSMYV 
KFATSKGLNIYPFLGYSYLLASLLLLPSLFFTNRSSSLPPLSVSILSKIGLLGFLGSMYV 
---------------------------------------------------------MYV 
KFATSKGLNIYPFLGYSYLLASLLLLPSLFFTNRSSSLPPLSVSILSKIGLLGFLGSMYV 

40 ---------------------------------------------------------MYV 

KVATSKGLNLYAFLGYSYLLASLLLLPSLFFTDRSRSLPPLSLSILSKIGLLGLLGSMYV 

KAATLQGMGFHVFIVYSYGLAALLLLPSLFFSYRSRTLPPMNFSILYKVVLLGLIGCCSN 

45 SYLMSLGLGPFTIVIFSTFATFLILSPFAILFERKQWPKELSARLIGKLVLISFAGVTLF 

50 

SYLMSLSLGPLTIVIFSTFATFLILSPFAILFERKQWPDELSPRLIGKLVLISFAGVTLF 
KAAFDSGMYTYIFVFYRLAAATALLVPIALINCACRRSQSTTSTPAQAMSCRLLFKLFLC 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

RIL--------------------------------------------SLR-IVLHIPTFA 
GFY--------------------------------------------IFG-LDNTSPTFA 

55 ILG--------------------------------------------YNG-IKYSSPTLS 
ILG--------------------------------------------YNG-IKYSSPTLS 
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ITG--------------------------------------------GIG-IEYSNPTLA 
ITG--------------------------------------------GIG-IEYSNPTLA 
ITG--------------------------------------------GIG-IEYSNPTLA 

5 ITG--------------------------------------------GIG-IEYSNPTLA 
ITG--------------------------------------------YIG-IEYSSPTLA 
ITG--------------------------------------------YIG-IEYSSPTLA 
ITG--------------------------------------------YIG-IEYSSPTLA 
ITG--------------------------------------------YIG-IEYSSPTLA 

10 ITG--------------------------------------------YIG-IEYSSPTLA 

IMG--------------------------------------------YTG-INYSSPTLA 

QSL--------------------------------------------FLEGIRLTSPAMA 
15 QTL--------------------------------------------FLEGIRLTSPAMA 

AFLGSAGLTLQALTKFVKKSCQEVGGFTSLLSSSLLQGKAEHLHPQVYHASLKQTSATVA 
xxx--------------------------------------------xxx-ixxxxptxa 

20 

SAIQNSVPAITFIMAAALRLEKVHISRRDGLAKIIGTVACVSGATIITLYKGPPITHIWR 
SATENAVPAVSFLMAALLGIEKVELKRRDGVAKVVGTFVSVAGSLAITLYKGP---TIYQ 
SAMSNVNPAFTFILAVVFRMENISLGKKSSVAKVLGTILSIIGALVVTLYHGP-------

25 SAMSNVNPAFTFILAVVFRMENISLGKKSSVAKVLGTILSIIGALVVTLYHGP-------
SAIGNIVPALTFILAVIFRMEKVSFKERSSVAKVMGTILSLIGAFVVIFYHGPRVFVASS 
SAIGNIVPALTFILAVIFRMEKVSFKERSSVAKVMGTILSLIGAFVVIFYHGPRVFVASS 
SAIGNIVPALTFILAVIFRMEKVSFKERSSVAKVMGTILSLIGAFVVIFYHGPRVFVASS 
SAIGNIVPALTFILAVIFRMEKVSFKERSSVAKVMGTILSLIGAFVVIFYHGPRVFVASS 

30 SAINNITPALTFILAIIFRMEKVSFKERSSLAKLMGTILSLIGALVVIFYHGPRVFLASS 
SAINNITPALTFILAIIFRMEKVSFKERSSLAKLMGTILSLIGALVVIFYHGPRVFLASS 
SAINNITPALTFILAIIFRMEKVSFKERSSLAKLMGTILSLIGALVVIFYHGPRVFLASS 
SAINNITPALTFILAIIFRMEKVSFKERSSLAKLMGTILSLIGALVVIFYHGPRVFLASS 
SAISNITPALTFILAIIFRMEKVSFKERSSVAKVMGTILSLIGALVVVLYHGPRVFVASS 

35 -------------------MEKASFKEKSSVAKMVGTIVSLVGALVVVLYHGPRVFTPSS 
SAISNLTPAFTFLLAILFRMESVSFKRTSSVAKMLGTIVSIGGAFIVTLYNGPVVINMSP 
-------------------MERIYWRHFSSQAKAIGTIVSMAGAFVVILYKGPPILKIHS 
TAMPNLAPGLIFFIAWIVRLEKMNMKCVYSKLKILGTLLCVFGALTMSLMHSASIIQDEK 
TAMPNLAPGLIFFIAWMVRLEKMDMKCVYSKLKILGTLLCVFGALTMSLMHSASIIQDEK 

40 SAATNSMPVVTFLLALVLRMETIKLRRRSGLGKLAGVALCLAGVLVIAFYVGPSIRPLAH 
saxxnxxpxxxfxxaxxxrmexxxxxxxssxakxxgtxxsxxgaxxxxxyxgpxxxxxxx 

---------FLPDSKHVTASEDDNWILGCLLLLASSVFWSCWMIMQVPISSSCPDHVLST 
45 ---------FLPDSKHVTASEDDNWILGCLLLLASSVFWSCWMIMQVPISSSCPDHVLST 

PNLEVTASYFKAFQGNDLSAKSENWTLGCIYLLGNCLAWSGWIVLQAPVLKRYPARLSVT 
PSLRSMD---QPTNAGEAEEQNKNWTLGCVCLMGHCLCWSSWIVLQSPLLKRYPARYSFV 
----------------MLMSSHSDWIIGGGLLALQYILVSVSYLVMAHTMGRYPSAVVVT 
----------------MLMSSHSDWIIGGGLLALQYILVSVSYLVMAHTMGRYPSAVVVT 

50 P-----PYLNFRQLSPPLSSSKSDWLIGGAILTIQGIFVSVSFILQTHIMREYPEAFTVS 
P-----PYLNFRQLSPPLSSSKSDWLIGGAILTIQGIFVSVSFILQTHIMREYPEAFTVS 
P-----PYLNFRQLSPPLSSSKSDWLIGGAILTIQGIFVSVSFILQTHIMREYPEAFTVS 
P-----PYLNFRQLSPPLSSSKSDWLIGGAILTIQGIFVSVSFILQAHIMREYPEAFTVS 
P-----PYVNFRQFSPPLSSSNSDWLIGGALLTMQGIFVSVSFILQAHIMSVYPAAFRVS 

55 P-----PYVNFRQFSPPLSSSNSDWLIGGALLTMQGIFVSVSFILQAHIMSVYPAAFRVS 
P-----PYVNFRQFSPPLSSSNSDWLIGGALLTMQGIFVSVSFILQAHIMSVYPAAFRVS 
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P-----PYVNFRQFSPPLSSSNSDWLIGGALLTMQGIFVSVSFILQAHIMSVYPAAFRVS 
P-----PYINFRQLSPPLSSSNSDWLIGGALLTIRDIFVSVSFILQAKIMSTYPAAFTVS 
P-----PFPQLRQLLLPLSSSNSDWIIGGCLLAIKDTLVPVAFILQAHIMKLYPAPFTVS 

5 P-----S------ISLRSQSPNHDWIIGAAFLAVEYFMVPLWYIVQTQIMREYPSEFTVV 
S-----IS-----YNTLQFSPNLNWILGGFLCAGDSLLSSMWYIYQVSVTKKYPAVIVIV 
D-------------NASIFVFDRDRVVGCIYLLGAVFVLSTNVVLQASTLAEFPAPISLS 
D-------------NASIFVFDRDRVVGCMYLLGAVFILSSNVVLQASTLAEFPAPISLS 
HP---------VFAHKTQSVGNGAWIRGTFLLILSCTTWSLWITLQVPLLIEYPNKLMAT 

10 x-----xxxxxxxxxxxxxsxxxdwxxGxxxlxxxxxxxsxxxxlqxxxxxxyPxxxxxx 

FWMCLFATIQSAMFALLKEP-DLQAWILPSPLQ-ISCSLYAG-IGIAVSFFIQSWCISER 
FWMCLFATIQSAIFALLKEP-DLQAWILPSPLQ-ISCSLYAG-IGIAVSFFIQSWCISER 

15 SFTCFFGVIQFLIIAAFF~T-DLEHWKIHSGGE-LFTILYAGFVASGIAFSVQIWCIDRG 
SYSCLFAVFQIVGISAYFER-DLESWKIKSGRE-MYALLYTGLVGSGMVFAIQIYVVERG 
LVHNVCIAVVCAFVSLLAEKDNPKAWVIRFDIT-LITVVATGILNSGYY-VIHTWAVSHK 
LVHNVCIAVVCAFVSLLAEKDNPKAWVIRFDIT-LITVVATGILNSGYY-VIHTWAVSHK 
ILYILCISIVTSMIGLVVEKNNPSIWIIHFDIT-LFTIVTTGIITSVYY-VIHSWAIRHK 

20 ILYILCISIVTSMIGLVVEKNNPSIWIIHFDIT-LFTIVTTGIITSVYY-VIHSWAIRHK 
ILYILCISIVTSMIGLVVEKNNPSIWIIHFDIT-LFTIVTTGIITSVYY-VIHSWAIRHK 
ILYILCISIVTSMIGLVVEKNNPSIWIIHFDIT-LFTIVTTGIITSVYY-VIHSWAIRHK 
FLYTVCVSIVTSTIGLVVEKNNPSVWIIHFDIT-LITIVTMAIVTSVYY-VIHSWTVRHK 
FLYTVCVSIVTSTIGLVVEKNNPSVWIIHFDIT-LITIVTMAIVTSVYY-VIHSWTVRHK 

25 FLYTVCVSIVTSTIGLVVEKNNPSVWIIHFDIT-LITIVTMAIVTSVYY-VIHSWTVRHK 
FLYTVCVSIVTSTIGLVVEKNNPSVWIIHFDIT-LITIVTMAIVTSVYY-VIHSWTVRHK 
FLYIVSVSIVTSMIGLVVEKNNPSVWIIRFDIT-LITIVTMAIITSVYY-VIHSWTVRHK 
FFYFLIASILTSLIGIVAEKNNPSIWIIHFDIT-LVCIVVGGIFNPGYY-AIHLWAVRNK 
CYYSFGVSFWTGLATLFTEGSDLSAWKIKPNIA-LVSIVCSGLFGSCINNTIHTWALRIK 

30 FFQVVFITIQTGVYALIVVR-DPSAWELKLDMG-LIVILYQAVAAIGIRYFLQTWSVQRA 

35 

AITALIGVLITMLVQLLQNQSGKVLTRSLISIGNLVGFSLLGGMVSGACVSFNGWAMKKR 
AITSLIGVVITTMLQLLQNPNTKVVTRSLISISNLVGFSLLGGMVSGACVSFNGWAMKKR 
AMQCLFSALQSFVVAVVVEK-DFTKWKLGLDIG-----LLAAFLGTGALMYLQAWCAEMS 
xxxxxxxxxxxxxxxlxxexxxxxxwxixxxix-lxxxxxxxxxxsxxxxxixxwxxxxx 

GPLYCAMFNPLATVITALVAATFLEEKLYVGSLVGAIGVTVGLYIVLWGKAKDFDG---­
GPLYCAMFNPLATVITALVAATFLEEKLYVGSLVGAIGVTVGLYIVLWGKAKDFDG---­
GPVFVAVYQPVQTIAVAIMASIILGEQFYLGGIFGAILIIIGLYLVLWGKSEEKR-----

40 GPLFVSAYLPLQTLLAALLATFALGEHLYLGGLIGAILIICGLYLVVMGKSGRR------
GPVYLSMFKPLSILIAAVSTFIFLGESLYLGSVMGGILISIGFYMVLWGKA--------­
GPVYLSMFKPLSILIAAVSTFIFLGESLYLGSVMGGILISIGFYMVLWGKA--------­
RPLYLAIFKPLSILIAVVMGTIFLNDSLYLGCLIGGILITLGFYVVMWGKA--------­
RPLYLAIFKPLSILIAVVMGTIFLNDSLYLGCLIGGILITLGFYVVMWGKA---------

45 RPLYLAIFKPLSILIAVVMGTIFLNDSLYLGCLIGGILITLGFYVVMWGKA---------
GPLYLAIFKPLSILIAVVMGTIFLNDSLYLGCLIGGILITLGFYAVMWGKS--------­
GPLYLAIFKPLSILIAVVMGAIFLNDSLYLGWY--------------------------­
GPLYLAIFKPLSILIAVVMGAIFLNDSLYLGWY--------------------------­
GPLYLAIFKPLSILIAVVMGAIFLNDSLYLGCLIGGILITLGFYAVMWGKA---------

50 GPLYLAIFKPLSILIAVVMGAIFLNDSLYLGCLIGGILITLGFYAVMWGKA---------
GPLYLAIFKPLSILIAVVMSAVFLNDSLYLGCLIGGLLITLGFYAVMWGKA--------­
GPVYLAIFRPLSILIAVIMGAIFLGDSFYLGSLVGGILISLGFYTVMWGKA--------­
GPLFVAMFKPLSIAIAVAMGVIFLHDSLYIGSLIGATVITTGFYTVMWGKAKEAAMVEDD 
GPLFCAMFKPIGIIFTVFLGSIFLGDDFYLGSLIGAVIIVVGFYAVQWGKA---------

55 GPVMVSMFSPFATVISVGFSVLTLGESICLGSVGGMALMFMGLYLVLWAKG---------
GPVMVSMFSPIATVISVGLSVVTLGEPVRIGSVGGMALMFIGLYLVLWAKG---------
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GPVFWMWSPLAFIFTIFSSSFFLGEVVHLGSILGGILLVGGLYSVLWGKSNERKNMILP 
gPxxxaxfxPlxxxixxxxxxxfLxxxlylGxxxgxxlxxxgxyxvxwgkx---------

TKQELPQSNMVDDERSNRTDLEEPLLAEKSEYVAEIKMEG-------------------­
TKQELPQSNMVDDERSNRTDLEEPLLAEKSEYVAEIKMEG-------------------­
LGLLQAKSSMVPENQPDNMDQSATLIINSSNGIKPNTSSSLTQPLLLDTSYKTVNIPSPS 
-----------------------KLFANSNT-----------------------------

10 ----KEDKVDIIGAIESSPSHNAPLLDNFKS-----------------------------
----KEDKVDIIGAIESSPSHNAPLLDNFKS-----------------------------
----NEEKNKLL---SFSGKEKTPLLLSGKNDQI--------------------------
----NEEKNKLL---SFSGKEKTPLLLSGKNDQI--------------------------
----NEEKNKLL---SFSGKEKTPLLLSGKNDQI--------------------------

15 ----NEEKDKLL---SFSGKEKTPLLLSGKNEQV--------------------------

----NEEKDQLS---FSE-KEKTPLLLNRKNDQV--------------------------
----NEEKDQLS---FSE-KEKTPLLLNRKNDQV--------------------------

20 ----NEEKDQLL---LVSGKERTPLLLNG-------------------------------
----KEGKTQFL---SLS--EETPLLDENIDDRI-------------------------­
NKANNEDATNEADHDSPLASQKAPLLESYKNDEHV------------------------­
----SEEKVEKGIENLETQSNVVPLLQNKV------------------------------
-----KEGFSQIESFECEFDAKKPLLS---------------------------------

25 -----KEGFSQIDSFESEYDPKKPLLS---------------------------------
VMPEKSQGQGDGDGATTQEKHGETNLTSQV-----------------------------­
----xxxxxxxxxxxxxxxxxxxpllxxxxxxxx--------------------------

30 -----* 
-----* 
DEPQP* 
-----* 
-----* 

35 -----* 
-----* 
-----* 
-----* 
-----* 

40 -----* 
-----* 
-----* 
-----* 
-----* 

45 -----* 
-----* 
-----* 
-----* 
-----* 

50 -----* 
-----* 
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Fig. 2 Plasmid map of pMON93039 

l-Os.Act1 

L-T a. Lhcb.1 

P-Os.Act1 :r-St.Pis4 

E-Os.Act1 + E-CaMV.35S.2xA 1-B3 + P-Os.Act1 E-CaMV.35\ 

-0~~ 

8-AGRtu.right border 

T-Ec.aadA-SPC/STR ----......___ 

CR-Ec.aadA-SPC/STR _ 

P-Ec.aadA-SPC/STR--

OR-Ec.ori-ColE1 

pMON93039 
SEQ ID NO:30521 

11722 bp 

P-Os.Act1 f r L-Os.Act1 

IJ I-Os.Act1 

\ 
TS-At.ShkG-CTP2 

' CR-AGRtu.aroA-CP4.nat 

T-AGRtu.nos 

B-AGRtu.left border 

OR-Ec.oriV-RK2 

~ 
0 
N 
Q 
Q 

~ 
Q 
\/!) 

"'"' ... 
N 

~ 
~ 

g 
rJl 
N 
Q 
Q 

~ 
Q 
QC) 
Ul 
Ul 
---1 

Case No.: IPR2023-00321 
U.S. Patent No. 10,689,656



 
Motif Exhibit 1040, Page 582 of 1537

WO 2009/009142 
38-21(54973)B Mark ABAD 07/10/2008 

Transgenic Plants With Enhanced Agronomic Traits 
Figure 3 of 4 

PCT/US2008/008557 

Fig. 3 Plasmid map of pMON82053 

5 

CR-AGRtu.aroA-CP4.nno_At 

TS-At.ShkG-CTP2 ~ 

I-At.Act? 

L-At.Act7 

P-At.Act7 

B-AGRtu.left border 

OR-Ec.oriV-RK2 

T-AGRtu.nos 

-CaMV .35S-enh 

pMON82053 

SEQ ID NO: 30522 

9769 bp 

6/7 

T-Gb.E6-3b 

B-AGRtu.right border 

T-Ec.aadA-SPC/STR 

_r CR-Ec.aadA-SPC/STR 

l+--...._ -Ec.aadA-SPC/STR 

/ ·. 

ORI-322 

OR-Ec.ori-ColEl 

Case No.: IPR2023-00321 
U.S. Patent No. 10,689,656



 
Motif Exhibit 1040, Page 583 of 1537

WO 2009/009142 
38-21(54973)B Mark ABAD 07/10/2008 

Transgenic Plants With Enhanced Agronomic Traits 
Figure 4 of 4 

Fig. 4 Plasmid map of pMON99053 
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A. CLASSIFICATION OF SUBJECT MATTER 

A0JH 1100(2006.0l)i, C12N 15182(2006.0l)i, C12N 5104(2006.0l)i 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

IPC A0lH 1/00, A0lH 4/00. A0lH 5/00 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Korean Utility models and applications for Utility models since 1975 
Japanese Utility models and applications for Utility models since 1975 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
eKIPASS(KIPO internal) "recombinant DNA'', "SEQ ID NO:309", '' enhanced trait'', 

C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Category* Citation of document, with indication, ,vhere appropriate, of the relevant passages Relevant to claim No. 

A 

A 

A 

KENNETH J. McDOWALL et al. 'The ams-1 and rne-3071 Temperature-Sensitive Mutations in 
the ams Gene Are in Close Proximity to Each Other and Cause Substitutions within a Domain 
That Resembles a Product of the Escherichia coli mre Locus.' Journal of Bacteriology. July 1993, 
pages 4245-4249. 
See the Abstract and figures 1-3 

JP 15-310071 A(KUMHO PETROCHEM CO LTD) 5 NOV.2003 
See the Claims 1-5 and figure 1 

SWAINE L. CHEN et al. 'Identification of genes subject to postitive selection in uropathogenic 
strains of Escherichia coli: A comparative genomics approach.' PNAS. April 2006, Vol. 103, 
no.15, pages 5977-5982. 
See the Abstract and tables 1-2, figures 1-3, column 10 

D Further documents are listed in the continuation of Box C. ~ See patent family annex. 

''A" 

"E" 

''L" 

"O" 

''P" 

Special categories of cited documents: 

document defining the general state of the art which is not considered 
to be of particular relevance 
earlier application or patent but published on or after the international 
filing date 
document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of citation or other 
special reason (as specified) 
document referring to an oral disclosure, use, exhibition or other 
means 
document published prior to the international filing date but later 
than the priority date claimed 

Date of the actual completion of the international search 

06 FEBRUARY 2009 (06.02.2009) 

Name and mailing address of the ISA/KR 

Korean Intellectual Property Office 
Government Complex-Daejeon, 139 Seonsa-ro, Seo­
gu, Daejeon 302-701, Republic of Korea 

Facsimile No. 82-42-472-7140 

Form PCT/ISA/210 (second sheet) (July 2008) 

"T" later document published after the international filing date or priority 
date and not in conflict ,vith the application but cited to understand 

the principle or theory underlying the invention 
"X" document of particular relevance; the claimed invention cannot be 

considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y" document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents.such combination 
being obvious to a person skilled in the art 

"&'' document member of the same patent family 

Date of mailing of the international search report 

06 FEBRUARY 2009 (06.02.2009) 
Authorized officer 

CHO, Hyun Kyung 

Telephone No. 82-42-481-5629 
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet) 

This international search report has not been established in respect of certain claims under Article 17(2)( a) for the following reasons: 

1. D Claims Nos.: 
because they relate to subject matter not required to be searched by this Authority, namely: 

2. Claims Nos.: 2-16 
because they relate to parts of the international application that do not comply ,vith the prescribed requirements to such an 
extent that no meaningful international search can be carried out, specifically: 

: Claim 2 is too broad to make meaningful search regarding to the expression of constitutional elements (b) and ( e ). Since 
claims 3-16 are dependent on claim 2, they are broad too. 

3. D Claims Nos.: 
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 

This International Searching Authority found multiple inventions in this international application. as follows: 

1. D As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable 
claims. 

2. D As all searchable claims could be searched without effort justi(ying an additional fee, this Authority did not invite payment 
of any additional fee. 

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report 1s 
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(57) Abstract: The present invention relates to anchor peptides for linking a ligand molecule to a solid support. The anchor peptide 
includes an amino acid motif having at least one neutral polar residue and at least one basic polar residue. In one aspect of the inven -
tion the anchor peptide is ATKASK (SEQ ID NO: 6). The anchor peptide of the present invention may be used in methods for im -
mobilizing a ligand molecule to a solid support. Ligand molecules include Protein A. 
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NOVEL AMINO ACID LINKER SEQEUNCES FOR LIGAND 
IMMOBILIZATION 

J!'icld of the Invention 

[0001] This invention relates to novel amino acid sequences that can function as 

linkers or anchors to facilitate immobilization of a protein ligand or another 

macromolecule onto a solid support. 

Background of the Invention 

[0002] Protein A is a membrane protein encoded by a bacterium (Staphylococcus 

aureus). Protein A consists of five homologues domains arranged as E-D-A-B-C. Protein 

A is unique in its ability to bind to most antibodies (including IgG, IgM, IgE, IgA) from 

various species including humans. Thus, Protein A has been widely used as a protein 

ligand immobilized on a solid support (eg., resin) to form an affinity column for antibody 

purification for research and therapeutic apphcations. 

[0003] To :fully exploit the antibody-binding property of Protein A for both 

pharmaceutical and biotechnological applications, methods to improve the 

immobilization efficiency of Protein A on a solid resin have been under investigation. 

Immobilization of a protein onto a solid support may be mediated through the e-amine of 

the I ,ys side-chain. Although convenient, this method is non-specific, inefficient and may 

lead to loss of protein function. US Patent Nos. 5,084,559 and 5,260,373 describe 

methods of immobilizing Protein A in which a single cysteine residue, or a single 

arginine residue, is added to the N-terrninus of Protein A, or a domain, or multiple 

domains thereof, to facili.tate their immobilization.· 

l.00041 Despite the forego~ng, there remains a need to develop improved methods 

for protein immobilization and enhanced ligand stability. 

[0005] This invention focused on identifying short amino acid sequence motifs 

that may function as site-specific linker or anchor for a protein or another biomolecule. 

By flanking a Lys residue with polar, neutral amino acids such as Ser and Thr, we have 

identified a series of novel short peptide sequences that exhibit superior efficiency in 

coupling the peptide to a solid support. 
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[0006] These motifs can function as linkers to couple a protein, DNA molecules 

such as aptamers, or another biomolecule to the surface of a solid support in a site­

speci fie and oriented rnan.ner. Immobilized ligands may be used in affinity purification of 

proteins and other biomolecules for research or therapeutic uses. Depending on the type 

of molecules immobilized and surface employed, they can also be developed into 

research or diagnostic tools. 

Summary of the Invention 

[0007] In one embodiment the present invention provides for an anchor peptide 

for linking a ligand n:olecule to a solid support~ said anchor peptide comprising an amino 

acid motif having at least one neutral polar residue ai1d at least one basic polar residue. 

[0008] In another embodiment the present invention provides for a fused product 

comprising a ligand molecule and an anchor peptide, said anchor peptide comprising an 

amino acid motif having at least one neutral polar residue and at least one basic polar 

residue. 

1"00091 In another embodiment the present invention provides for a solid support 

having an immobilized fused product, the fused product comprising a ligand molecule 

and an anchor peptide, said anchor peptide comprising an amino acid motif having at 

least one neutral polar residue and at least one basic polar residue. 

fOO l OJ In another embodiment th.e present invention provides for a method of 

immobilizing a ligand molecule to a solid support comprising: (a) forming a fused 

product comprising a Hgand molecule and an anchor peptide, said anchor peptide 

comprising an amino acid motif having at least one neutral polar residue and at least one 

basic polar residue; and (b) contacting the fused product with a solid support under 

conditions to immobilize the fused product to the solid support. 

[0011] In another embodiment the present invention provides for a method for 

purifying a molecule of interest in a sample suspected to include the molecule of interest, 

characterized in that the method comprises: (a) contacting the sample with a fused 

product immobilized to a solid support, the fused product comprising a ligand molecule 

-2-
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that binds to the molecule of interest and an anchor peptide, said anchor peptide 

comprising an amino acid motif having at least one neutral polar residue and at least one 

basic polar residue, said contacting being under conditions wherein a complex is formed 

between the molecule of interest and the ligand molecule jf said molecule of interest is 

present in the sample; and (b)recovering the molecule of interest from the complex 

thereby pur.ifying the molecule of interest from the sample. 

10012] 1n another embodiment the present invention provides for a method for 

detecting a molecule of interest in a sample suspected to include the molecule of interest, 

characterized in that the method comprises: (a) contacting the sample to a fused product 

immobilized to a solid support, the fused product comprising a ligand molecule that l:>inds 

to the molecule of interest and an anchor peptide, said anchor peptide comprising an 

amino acid motif having at least one neutral polar residue and at least one basic polar 

residue, said contacting being under conditions wherein a complex is formed between the 

molecule of interest and the ligand molecule if said molecule of interest is present in the 

sample; (b) recovering the molecule of interest from the complex:; and (c) detecting the 

recovered molecule of interest. 

roo I 3] In another embodiment the present invention provides for a vector 

comprising at least one copy of a gene of a ligand molecule and at least one gene capable 

or coding for an anchor peptide, said anchor peptide comprising an amino acid rnotif 

having at least 011e neutral polar residue and at least one basic polar residue. 

!"0014] In one embodiment of the present invention the at least one neutral polar 

residue is serine (S) or threonine (T), and wherein said at least one basic polar residue is 

lysine (K). 

roo 15] In one embodiment of the present invention the amino acid motif 

comprises the formula XX, wherein one X is a K and the other X is S or T. 

[0016] In one embodiment of the present invention the anchor peptide further 

comprises at least one neutral non-polar residue. 

- 3 -
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[0017] In one embodiment of the present invention the at least one neutral polar 

residue is Sor T, the at least one basic polar residue is Kand the at least one neutral non­

polar residue is alanine (A). 

!0018J In one embodiment of the present invention the amino acid motif 

comprises at least 2 amino acid residues. 

[0019] Jn one embodiment of the present invention the amino acid motif 

comprises the formula X:X-UU-XX (SEQ ID NO: 3), wherein each X is K, S or T and 

wherein U is any amino acid. 

I 0020 I In one emoodiment of the present invention the amino acid motif 

comprises the formula XX-UU-XX (SEQ JD NO: 4), wherein each Xis A, K, Sor T and 

wherein U is any amino acid. 

[0021 J In one embodiment of the present invention the amino acid motif 

comprises the formula XX-GA-XX (SEQ ID NO: 5), wherein each Xis K, S or T. 

1_0022] In one embodiment of the present invention the amino acid motif 

comprises the sequence A TK (SEQ ID NO: 1) or ASK (SEQ ID NO: 2). 

[0023] In one embodiment of the present invention the amino acid motif 

comprises the sequence A TK.ASK (SEQ JD NO: 6). 

["00241 In one embodiment of the present invention the amino acid motif 

comprises the sequence A TKGATK (SEQ ID NO: 7). 

I 0025] In one embodiment of the present invention the ligand molecule includes 

an immunoglobulin~binding protein, an enzyme, a target protein binding partner or a 

nucleic acid molecule. 

[0026] fn one embodiment of the present invention the ligand molecule is protein 

A or a domain of protein A. 

-4-
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f0027] In one embodiment of the present invention the anchor peptide is labelled 

with a delectable label. 

[0028] In one embodiment of the present invention said anchor peptide is labelled 

with a cytotoxic molecule, a fluorescent molecule or radioactive molecule. 

[0029] These and other aspects of the invention will become apparent from the 

detailed description by reference to the following Figures. 

Brief Description of the Figures 

[0030] Figure l is a table of a peptide library constructed by chemically 

synthesizing short peptides containing 14-15 amino acid residues with different motifs in 

accordance to Example l. 

I 0031 ·1 Figure 2 shows the efficiency of immobilization of different peptides (the 

sequences of which are provided in Table 1) onto an epoxy-activated 96-well plate as 

evaluated by an ELISA assay. 

[0032] Figure 3 A illustrates the anchor peptide A TKASK (SEQ ID NO; 6) motif 

linked to a single Z domain. Figure 3 B illustrates eight fusion products (SEQ ID NOS: 

I l - 18) according to one embodiment of the present invention. The fusion products 

labelled 901 and 700 contain the ATKASK (SEQ ID NO: 6) motif. 

(0033] Figure 4 illustrates a dot staining analysis of the immobilization efficiency 

of six of the eight fusion products illustrated in Figure 3 as well as a control bovine serum 

albumin (BSA) sample on an epoxy resin. On strip A? 901 and 902 fused products were 

dotted; on strip B, 903 and 904 fused products were dotted; on strip C, 123 fused product 

was dotted; on strip C, 201 fused product was dotted; and on strip E, control BSA was 

dotted. Ori, orgininal sample without dilution. 

[0034] Figure 5 is a graph showing a BCA protein analysis of the fused products 

referred to in Figure 4 using a protein assay kit (Pierce Co.). The protein concentrations 

in those samples were measured. The immobilizatjon efficiency of a protein ligand was 
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illustrated as percentages of a protein ligand concentration before and after 

immobilization process. 

[0035] Figure 6 panels A to D show the IgG binding capacities of eight affinity 

columns composed of the protein A ligand (Z) fused to various N-linkers illustrated in 

Fig 3. A. fusion products 901 and 902, B. fusion products 903 and 904, C. fusion 

products 285 and 700, and D. fusion products 123 and 201. 

Detailed Description of the Invention 

[0036] 

1"00371 

Definitions 

Unless defined otherwise, al] technical and scientific terms used herein 

have the same meaning as commonly understood by one of ordinary skill in the art to 

which this invention belongs. Also, unless indicated otherwise, except within the claims, 

the use of ''or" includes «and" and vice versa. Non-limiting terms are not to be construed 

as limiting unless expressly stated or the context clearly indicates otherwise (for example 

"including", "having" and "comprising" typically indicate "including without 

limitation"). Singular forms including in the claims such as "a", "an" and ''the" include 

the plural reference unless expressly stated otherwise. 

[0038] The term "functionally equivalent derivative" is used herein to refer to 

derivatized versions which retain the function of anchor to immobilize the selected 

protein without substantial loss of protein function. 

roo391 The term "ligand" as used herein refers to a molecule or group of 

molccuk:s capable of binding to one or more specific sites of a receptor, another molecule 

or target analytc. There can exist more than one ligand for a given target. The ligands 

may differ from one another in their binding affinities for the target molecule. 

[0040] Overview of the Invention 

10041] The present invention relates in general to an anchor peptide. The anchor 

peptide may be used for Hnking a ligand molecule to a solid support. The anchor peptide 
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may comprise an amino acid motif having at least one neutral polar residue and at least 

one basic polar residue. In one embodiment of the present invention the anchor peptide 

may rurther comprise at least one neutral non-polar residue. The neutral polar residue 

rnay be a threonine (T) or a serine (S) residue, the basic polar residue may be a lysine (K) 

residue, and the neutral non-polar residue may be an alanine (A) residue. 

[0042] In another aspect, the present invention provides for an anchor peptide for 

linking a ligand molecule to a solid support, said anchor peptide comprising an amino 

add rnofrf having at least one neutral polar residue~ at least one basic polar residue and at 

least one neutral non-polar residue. 

roo4TI The present method is not particularly restricted with respect to the ligand 

molecule that may be immobilized, and is therefore useful for immobilizing any protein 

of interest. Of particu]ar interest is use of the method to immobilize immunoglobulin­

bi nding proteins, including but not limited to, Protein A 1 Protein_ G, Protein NG and 

Protein L. Other ligand molecules of interest may include nucleic acid ligands, including 

aplarners. 

L0044] The Anchor Peptide 

[0045] The anchor peptide may be suitable to immobilize the selected ligand 

molecule onto a solid support while substantially retaining the function of the seJected 

ligand molecule, Le. retaining at least about 50% of ligand molecule function, such as 

iinmunoglobulin binding, in its immobilized state. In one embodiment of the present 

invention, the anchor or linker may comprise a motif having at least 2 amino acid 

residues. The amino acid motif of the anchor may comprise equally three groups of 

amino acids- neutral non-polar, neutral polar, basic polar residues. An anchor sequence 

niay also contain only the neutral-polar and basic residues in different combinations and 

arrangements. 

100461 ln one embodiment of the present invention the anchor peptide may 

comprise an amino acid sequence ATK (SEQ ID NO. 1) or ASK (SEQ ID NO. 2). 
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f004 7] In one embodiment the present invention provides for a novel peptide 

including an amino acid formula XX-UU-XX (SEQ ID NO. 3), wherein each X may be 

K, S or T and U may be any amino acid. In one embodiment of the present invention the 

an,jno acid motif comprises the formula XX-UU-XX (SEQ ID NO: 4), wherein each X is 

A, K, S or T and wherein U is any amino acid. In another embodiment the formula may 

be XX-GA-XX (SEQ ID NO. 5) wherein each X may be K, S or T. 

[0048J In one embodiment of the invention, the anchor peptide may comprise an 

amino acid sequence ATKASK (SEQ JD NO. 6), or a functionally equivalent derivative 

thereof including at least 50% sequence homology. 

[0049] In one embodiment the present invention provides for a novel peptide 

including the amino acid sequence SEQ ID NO. 6. 

[0050] In one embodiment of the invention, the anchor peptide may comprise an 

amino acid sequence ATKGATK (SEQ ID NO. 7), or a functionally equivalent derivative 

thereof including at least 50% sequence homology. 

f 0051] ln one embodiment the present invention provides for a novel peptide 

including the amino acid sequence SEQ ID NO. 7. 

[00521 The anchor peptides of the present invention may also be provided as a 

fused product comprisjng the anchor peptide and a ligand molecule. The anchor peptide 

may be an N- or C-terminal extension of a ligand protein. 

10053] The anchor peptide or the fused prpduct comprjsing the anchor peptide 

and a ligand protein may be synthesized by any known method in the art of peptide 

synthesis including solid phase synthesis (Merrifield (1964) J. Am. Chem. Assoc. 

65:2149; J. Amer. Chem. Soc. 85:2149 (1963); and Int. J. Peptide Protein Res. 35:161-

214 (I 990)) or synthesis in homogenous solution (Methods of Organic Chemistry, E. · 

Wansch (Ed.) Vol. 15, pts. I and II, Thieme, Stuttgart (1987) to generate synthetic 

peptides. 
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[0054] The anchor peptide or the fused product comprising the anchor peptide 

linked to a ligand protein may be made by recombinant methods known in the art. In this 

regard, the anchor peptide may generally be bound or fused to a terminus of the selected 

ligand protein such that the function of the protein may substantially be retained. Thus, 

depending on the ligand protein, the anchor may be bound to the N-terminus or the C­

terminus of the selected ligand protein. In certain aspects, the anchor peptide may be 

bound to both termini. or may additionally be bound to an amino acid residue which may 

not be a terminal residue. In another aspect, the anchor peptide may be bound to a solid 

support prior to the coupling of the protein ligand by chemical or recombinant means or 

through the use of an enzyme. 

[0055] The anchor peptides of the invention may be label]ed with a label to 

facilitate their detection in an assay as is understood by one of skill in the art. Such labels 

may include but are not limited to radioactive label, fluourescent label or cytotoxic label. 

The anchor peptides of the invention may be provided with a carrier such as for example 

coupled to bovine serum albumin (BSA) or keyhole limpet haemocyanin. The anchor 

peptides may be preceded by a Bjotin-GGYG (SEQ ID NO: 55) N-tenninal sequence that 

may facilitate peptide concentration determination by OD280 (of Tyr or Y) measurement. 

The N~terminal biot1n moiety may provide a ligand for ELISA assay (see Figure 2) using 

avidin-HRP. 

[00561 Once the I igand molecule is bound or fused to the anchor peptide of the 

present invention~ the fused product may be immobilized onto a solid support. Suitable 

solid supports include epoxy-based supports, e.g. beads or resins, or solid supports having 

the surface chemistry of an epoxy group, or materials that are functionalized on the 

surface to allow coupling of a protein via the anchor sequence. 

[0057] To immobilize the fused product to the solid support, the solid support 

may be treated in an aqueous solution. The aqueous solution may include a binding 

buffer, such as 0.1 M sodium phosphate/0.5 M Na2S04, pH, e.g. in the range of about 

6.5 to about 7.2. In one aspect the pH is 6.8. Suitable salts for use in this regard may 

include salts that may be compatible with the solid support and fused product> non-toxic 
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with regard to the intended use of the immobilized protein and otherwise suitable for use. 

The solid support may be mixed with the fused product, for example at room 

temperature, for a sufficient period of time for immobilization to occur_ 

[0058] In embodiment, the present invention :relates to a matrix for affinity 

separation. One end of the anchor peptides of the present invention may be bound to the 

matrix, and the other end of the anchor peptide may be bound to the ligand molecule. 

The matrix of the present invention, when compared to a matrix having the ligand 

directly bound to the matrix, may exhibit an increased immobilization capacity during 

two or rnore separations-

[0059] Examples of the material for the solid support is based on polymers having 

hydrophilic surface, such as polymers having hydroxyl group (-OH), cai::boxyl group (­

COOT-I), aminocarbonyl group (-CONH:i, possibly in N-substituted forms), ainino group 

(-NH2_ possibly in substituted form), o!igo or polyethyleneoxy group on their external 

surface and if present, also on internal surface_ In one embodiment, the polymer may be 

a synthetic polymer (e_g_, polymethacrylate, polyacrylamide, or styrene-divinylbenzene 

copolymer). Such a synthetic polymer may be easily produced by a known method (see 

J. MATER- CHEM 1991, l(3), 371-374, for example). Altematively, a commercially 

available product such as TOYOPEARL ™ may also be used. In another embodiment, 

the polymer is a polysaccharide (e.g_, dextran, starch, cellulose, pullulan, or agarose). 

Such a polysaccharide may be easily produced by a known method (see Japanese Patent 

No. 4081143, for example). Alternatively, a commercially available product such as 

Scpharose (manufactured by GE Healthcare Biosciences) may also be used. In still 

another embodiment, an inorganic support (e.g., silica or zirconium oxide) may be used. 

10060J The solid support may be in the shape of particles_ The particles may be 

porous or nonporous. The solid support in the shape of particles may be used as a packed 

bed, or may be used in a suspended form. The suspended form may be an expanded bed 

or a pure suspension, in which the particles can move freely. When using a packed bed, 

or an expanded bed, separation process used in known affinity chromatographic methods 

is used. When using a pure suspension, a batch method is used_ 
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[0061] The solid support in the shape of particles according to this embodiment 

may preferably have a particle size (volume average particle size) of about 20 to about 

200 micrometers, and more preferably about 30 to about 100 micrometers. If the solid 

suppol1 has a particle size of less than about 20 mjcrometers, the pressure of colwnn 

packed with this support may increase to an impractical level at a high flow rate. If the 

solid support has a particle size of more than about 200 micrometers, the binding capacity 

may detc;riorate. Note that the term "particle size" used herein refers to a volume average 

particle size determined using a laser diffraction/scattering particle size distribution 

analyzer. 

100621 The solid support according to this embodiment may preferably be porous, 

and having a specific surface area larger than about 50-1000 ml/g-. and more preferably 

about 80-400 m2/g. If the affinity chromatography packing material has a specific 

surface area of less than about 50 m2/g, the binding capacity may deteriorate. If the 

affinity chromatography packing material has a specific surface area of more than about 

l 000 nl/g, the packing material may be destroyed at a high flow rate due to a decrease in 

strength, so that the column pressure may increase. Note that the term "specific surface 

area" used herein refers to a value of the surface area of pores (pore size: 10 to 5000 nm) 

dctcnnined using a mercury porosimeter by the dry weight of the particles. 

[0063] The solid support according to this embodiment may preferably have a 

volume average pore size of about 50 to about 400 nm, and more preferably about 100 to 

about 300 nm. If the affinity solid support has a volume average pore size of less than 

about 50 nm, the binding capacity may significantly deteriorate at a hjgh flow rate. If the 

affinity chromatography packing material has a volume average pore size of more than 

about 400 nm, the binding capacity may deteriorate irrespective of the flow rate. Note 

that the tern, "volume average pore size" used herein refers to the volume average pore 

size of pores (pore size: 10 to 5000 nm) determined using a mercury porosimeter. 

[0064] Specific examples of porous partjcles used as the solid support according 

lo this embodiment may include porous organic polymer particles including a copolymer 

or 20 lo 50 wt% of a crossHnkable vinyl monomer, 3 to 80 wt% of an epoxy group-

- ll ~ 

Case No.: IPR2023-00321 
U.S. Patent No. 10,689,656



 
Motif Exhibit 1040, Page 601 of 1537

WO 2012/083424 PCT /CA2011/001366 

containing vinyl monomer, and 20 to 80 wt% of a diol group-containing vinyl monomer, 

and having a particle size of 20 to 80 micrometers, a specific surface area of 50 to 150 

nl/g, and a volume average pore size of 100 to 400 n.m. 

t0065] In yet another form embodiment, the.solid support may be in another form 

such as a surface, a monolith, a chip, capillaries, or a filter. 

[0066] The ligand molecule may be attached to the support via conventional 

coupling techniques utilizing~ e.g. amino and/or carboxy groups present in the ligand. 

Bisepoxidcs, epichlorohydrin, CNBr, N-hydroxysuccinimide (NHS) etc. are well-known 

coupling reagents. Between the support and the ligand, a molecule known as a spacer 

may be introduced, whi.ch will improve the availability of the ligand and facilitate the 

chemical coupling of the ligand to the support. Altemati~ely, the ligand may be attached 

to the support by non-covalent bonding, such as physical adsorption or biospecific 

adsorption. 

10067] In one embodiment of the present invention, the molecule ligands may be 

peptide ligands that may be used in the purification of immunoglobulins of interest from 

a composition comprising at least one immunoglobulin of interest and at least one other 

substance from which the immunoglobulin is to be separated. 

l'0068J The fused product comprising the anchor peptides of the present invention 

bound to peptide ligands, may be immobilized on to a solid support or may be used in 

solution. The solid support may then be contacted with a composition containing an 

irnmunoglobulin, the immunoglobulin then binding to the peptide ligand. 

1.0069] When using the fused products immobilized on a solid support, the 

composition containing the immunoglobulin may be contacted to the fused products-solid 

suppo1t either before or after the solid support material is packed into a column. For 

example, the fused products-soHd support material may be incubated with the 

composition containing the inununoglobulin and then this mixture may be packed into a 

column for further purification steps. Altemativelyi the fused product-solid support may 

be first packed into the column followed by the addjtion of the composition containing 
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the immunoglobulin of interest. The fused products-solid support material may first be 

packed in the column followed by the introduction of the composition containing the 

immunoglobulin of interest. 

f007O1 The recovery of the immun.oglobulin from the fused products-solid 

support may involve any technique conventionally used in affinity chromatography to 

remove compounds from solid supports, including changes in pH or ionic strength. In one 

preferred embodiment of this invention, the immunoglobulin is eluted using a buffer at or 

below pH 4. 

f0071] In an additional embodiment of the invention~ the fused products may be 

used in assays for the detection of molecules of interest such a.s antibodies in a solution or 

composition suspected of containing the same. The fused products may be coupled to a 

detectable group or label. The contacting and separating steps may be carried out in 

solution or with immobilized fused products. Methods of detecting labelled fused 

products include those for the detection of labelled immunoglobulin. When carried out in 

solution, fused products bound immunoglobulin may be separated and/or detected from 

the solution using a variety of techniques including, but not limited to~ fluorescence­

activated cell sorting, membrane filtration and mass spectrometry. 

[0072] One embodiment of this invention jncludes methods of using a fused 

product of the present invention in methods for determining the presence or concentration 

of a molecule of interest in a. sample. The ligand component of the fused product being a 

l ingand of the molecule of interest, The method may include: 

10073] (a) contacting said sample to the fused product under conditions 

wherein a molecule of interest/ligand complex is formed if said molecule of interest is 

present in the sample; and 

[0074] (b) detecting of the molecule of interest by detecting the molecule of 

interest/ligand complex, thereby determining the presence of the molecule of interest in 

the sample. Step (b) may also include measuring the amount of the molecule of interest 

in the sample by quantitatively detecting the complex. 
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[0075] One embodiment of this invention includes methods of using a fused 

product of the present invention in an affinity column for the determination of presence 

and/or concentration of molecules of interest in a sample suspected of containing the 

same. The methods may include the following steps: 

[0076] (a) immobilizing a fused product of the present invention to an affinity 

column, the ligand component of the fused product being a ligand of the molecule of 

interest;. 

10077] (b) running the sample through the affinity column under conditions 

whereby the molecule of interest is captured by the fused product if said molecule of 

interest is present in the sample, thereby ; 

1.0078] (c) recovering the molecule of interest from the column with a 

recovering agent; and 

100791 (d) measuring the quantity of molecule of interest captured by the 

column by methods such as direct fluorescence measurement, high performance liquid 

chromatography and mass spectTOmetry of the molecule of interest. Alternatively, prior to 

the recovering step, the molei:uie of interest/ligand complex formation within the column 

may be detected by the use of fluorescence, or fluorescence in combination with 

quenchers, or fluorescence polarb;ation, and electro-affinity analysis. 

100801 Embodiments of the invention are described in the following specific 

example which is not to be construed as limiting. 

EXAMPLES 

Example l - Chemical svnthesis of a peptide library 

10081.l A peptide library was constructed by chemically synthesizing short 

peptides containing 14-15 amino acid resjdues with different motifs (Figure l ). These 

peptides were synthesized by the Frooc chemistry based solid-phase peptide synthesis 

and labelled at the N-terminus with biotin. After synthesis, the peptides were dissolved in 
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water and the identities (eg., molecular masses) -w-ere confirmed by MALDI-TOF mass 

analysis. 

Peptides l to 24 of Figure 1 are designed in such a way that a lysine (K) is next to an Ser 

(S) or Thr (T) residue or flanked by different combinations of serine (S), threonine (T) 

and other types of amino acids. The motif length may be six as in XX-UU-XX (SEQ ID 

NO: 3) or XX-GA-XX (SEQ ID NO: 5) (peptides 9 to 16, wherein at least one K is in the 

X positions). The GA dipeptide may serve as a spacer between the XX motif, but GA can 

be replaced by other amino acid types as in the motif XX-UU-XX (SEQ ID NO: 3), 

where U represents any amino acid. The motif can be as short as containing two amino 

acid as in the motif XX, wherein one Xis K1 and the other Xis Sor T. The peptide core 

sequence may be preceded by a Biotin-GGYG (SEQ ID NO: 55) N-terminal sequence 

that may facilitate peptide · concentration detem1ination by OD280 (of Tyr or Y) 

measurement. ·me N-ten11inal biotin moiety may provide a ligand for ELISA assay (see 

Figure 2) using avidin-HRP. 

Example 2 - Identification of peptide motifs that allow efficient ligand 

• immobilization onto a solid support 

[00821 The synthetic peptides are each dissolved in ddH20 and the pH value of 

the solution adjusted to pH 7-8 using a 0.lN NaOH solution. The resulting peptide 

solutions a.re added, respectively, to different wells of a 96-well plate containing epoxy 

groups on the surface and incubated at 4 °C overnight. The plate is washed in PBS and 

then blocked with 5% skim milk at room temperature for I hour. After blocking, a 

avidin-HRP solution (l :40,000 dilution) was added to the plate and incubated at room 

temperature for I hour. The plate is washed again three times with PBS and incubated 

with tetramethylbcnzidine (TMB), a colorless substrate. After 20 minutes, the reaction is 

stopped by adding 2M H2SO4. The OD at 405 nm was recorded for the plate using a 

Multi-label reader (Perkin-Ehruner). As shown in Figure 2, a higher OD405 value 

corresponds to a greater amount of a peptide immobilized in a well. As illustrated in 

Figure 2, a number of peptides showed efficient ligand immobilization to the solid 

support. Peptides that exhibited the greatest immobilization efficiency contained the 

ATK (SEQ lD NO: l) and ASK (SEQ ID NO: 2) motifs (highlighted in Figure 1). 
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Example 3 - Protein ligand immobilization on the epoxy resin 

[0083] Using a molecular cloning method, a single Z domain was fused with 

various N-linker sequences as illustrated in Fig. 3. These fused protein ligands were 

expressed in a bacterial expression system. The target proteins were purified with the Ni~ 

NTA affinity column (GE Healthcare) to highly homology. Protein ligand's purity was 

examined by SDS-PAGE analysis. 

roo84] The purified protein ligands were prepared in the immobilization buffer 

(0.1 M sodium phosphate/0.5 M Na2S04, pH 6.8). Five milligram of each protein ligand 

solution was mixed with 1 millilitre of the epoxy-activated resin (JSR). The protein 

ligand/resin mjxture was incubated at about room temperature overnight with a rotating 

mjxer. Immobilization of the fused product in each case may be monitored by the dot 

staining method (FIG. 4) and by the BCA protein measuring kit (FIG. 5). 

[0085] The results illustrated in FIGS. 4 and 5 confirmed that the Z pi:otein ligand 

fused with a N-linker containing either "ATKASK" (SEQ ID NO: 6) (ligand 901) motif 

or :<ATKGATK" (SEQ ID NO: 7) (ligand 902) motif was successfully immobilized on 

the beads, while the Z ligand fused with other N-linker sequences without the motifs 

"ATKASK" (SEQ ID NO: 6) or "ATKGATK" {SEQ ID NO: 7) were less efficient to be 

immobilized onto the beads under the same conditions. 

Example 4 - lgG binding capacity of Immobilized Protein A containing an 

ATKASK {SEO ID NO: 6) or ATKGATK <SEO ID NO: 7) anchor 

[0086] Eight affinity columns of 1 ml bed volume, packed with the epoxy beads 

{JSR) immobilized with eight protein ligands with various N-Iinkers, were analyzed to 

determine their human [gG binding capacity (Fig. 5). The IgG solution at l mg/ml of 

PBS was added to each affinity column. The flow through samples were collected. 

OD280 values were monitored between the loading IgG solution and the flow through 

samples. The differences of the OD280 values between the initial JgG solution and the 

!low through samples are the indication of the affinity column's lgG binding capacity. 

The higher an affinity column's IgG binding capacity, the lower the percentage of the 
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inHial IgG OD280 reading and the flow through sample OD280 reading. Results are 

depicted in Vigure 6. Figure 6 A and 6 C show that in both 901 and 902 columns as well 

as 700 columns, the percentage of eluted IgG (unbound IgG) was approximately at 25-30 

% at the 20 mg lgG loading, while the rest of the columns showed the percentage above 

50%. These three columns contain the protein ligands fused with the N-Jinker containing 

the motif of "ATKASK" (SEQ ID NO: 6) (901 and 700) or the motif of "ATKGATK" 

(SEQ ID NO: 7) (902). These data indicate that the N-linker containing the motif of 

•· ATKASK't (SEQ ID NO: 6) would greatly facilitate a protein ligand to be immobilized 

on an epoxy bead and thus enhance the IgG binding capacity. 

Methods and Materials for Examples 3 and 4 

r.0087] (1) Vector constl."ucts fo.- Protein A expression - The Z domain of 

protein A fused to a different anchor peptide was cloned into the pETMl 1 vector 

(European Molecular Biology Laboratory) or pET302/N-His (Invitrogen). The original 

Protein A gene was amplified by PCR method using a TAP-Tag plasmid (EMBL) 

containing Protein A gene as a template. The Z domain was created by the PCR assisted 

QuickChange Site-Directed Mutagenesis method (Stratagene Cloning System). 

[0088] All protein A ligands with various N-linkers listed in FIG. 3B (201, 123, 

901, 902, 903, 904, 285, 700) were manufactured in the E. coli expression system, 

BL2l(DE3) pLysS competent cells, as described in the following paragraphs. 

[0089J 

[0090] 

The eight expression vectors listed in flg. 3B were constructed as follows: 

201 expression vector was constructed by PCR the single Z domain with 

the restriction enzyme sites: EcoRI/BamHI and cloned the single Z domain into the 

expression vector of pET302/N-His (lnvitrogen). 

[009 t] I 23 expression vector was constructed by PCR the single Z domain with 

the restriction enzyme sites: Ncol/BamHI and cloned the single Z domain into the 

expression vector of pETMl 1 (EMBL). 
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[0092] 901, 902, 903, and 904 expression vectors were constructed by deleting V 

and introducing ATKASK (SEQ ID NO: 6) (901), ATKGATK {SEQ ID NO: 7) (902), 

AHKGAHK (SEQ ID NO: 56) (903) and GHTKGHTK (SEQ ID NO: 57)(904) into the 

123 by using the QuickChange Site-Directed Mutagenesis method (Stratagene Cloning 

system). 

[0093] 285 expression vector was constructed by deleting MSDYDIPIT (SEQ ID 

NO: 58) in 123 by using the QuickChange Site-Directed Mutagenesis method (Stratagene 

Cloning system). 

100941 700 expression vector was constructed by deleting MV and adding 

ATKI\SK (SEQ ID NO: 6) in 285 by using the QuickChange Site-Directed Mutagenesis 

method (Stratagene Cloning system). 

f0095] (2) Recombinant protein e:J:pression and purification - BL21 (DE3) 

pLysS competent cells allow high-efficiency protein expression of any gene that is under 

the control of. a T7 promoter and has a ribosome binding site. BL21(DE3)pLysS is 

lysogenic for A-DE3, which contains the T7 bacteriophage gene I, encoding T7 RNA 

polymerase under the control of the lac UVS promoter. BL21 (DE3)pLysS also contains a 

plasmid, pLysS, which carries the gene encoding T7 lysozyme. T7 lysozyme lowers the 

background expression level of target genes under the control of the T7 promoter but 

does not interfere with the level of expression achieved following induction by IPTG. 

Target DNA plasmids were used to transfect BL21 competent cells. 0.5 µI of plasmid 

DNA containing about 0.5 ug of DNA was used for transfection. The BL21 competent 

eel ls were stored at - 80 degree Celsius. An aliquot of BL21 cells (20 µl) was thawed ~d 

put on ice. 0.5 µI of plasmid DNA was mixed with the competent cells and put on ice for 

60 minutes. After incubation on ice, these cells containing plasmid DNA were "heat 

shocked" in 45 degree 9 water batch for 45 seconds and immediately put on ice for 

another 2 minutes. Then, 30 µl of LB medium was added to the bacterial cells and shaken 

at 3 7 degree C for 1 hour. These cells were then spread on agar /LB plates containing 

kan.amycine (final concentration: 100 µg/ml). These plates were incubated at 37 degree C 

overnight 
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[009frl For: expression of recombinant Protein A domains, the DNA plasmids 

were transformed into E .. coli BL2 l. Overnight cultures were inoculated into fresh 

medium and grown to an OD600nm of approximately 0.5. Isopropyl beta-D-1-

thiogalactopyrnnoside was added to a concentration of I mM, and the culture was grown 

for a further 15 hours at 18 degree C. Cells were harvested by centrifugation at 7,000 rpm 

.for 10 min in a SorvaU GS-3 rotor. 

1"0097 I The pellet was resuspended in phosphate-buffered saline (PBS) containing 

protease inhibitor (Roche Applied Science), lysozyme (200 µg/ml), and DNase I (3 

µg/ml). Cells were Iysed by repeated freeze/thaw cycles. Cell debris was removed by 

centrifugation. 

10098] Recombinant proteins expressed in pETMl I vector contained an amino­

terminal His-Tag. His-Tag fusion proteins were purified using the Ni-NTA columns 

(Qiagcn) and dialyzed against PBS. 

10099] q} Protein Analysis by Polyacrylamide gel elect.-ophoresis (SDS­

p AGE) - Electrophoresis was performed on polyacrylamide gels in the presence of 

sodium dodecyl sulphate (SDS). Samples (10 µl) were mixed with IO µI of sample buffer 

(62.SmM Tris-HCI, pH 6.8, 2% SDS, 5% mercaptoethanol, 10% glycerol and 0.0025% 

bropheno1 blue), heated at 90 C for 2 min, cooled and loaded on gels. Electrophoresis was 

performed at 75 mA in an apparatus purchased from Bio-Rad. Gels were stained in a 

solution of 0.5 mg/n,J Coomassie blue in 5 :5: 1 methanol/water/acidic acid and de-stained 

in water heated in a microwave. 

f00100] (4) Peptide synthesis -Fmoc solid-phase peptide synthesis method was 

used to synthesize a]l peptides. Protected amino acid derivatives were purchased from 

/\naSpec (US); N,N-diisopropylethylamine (DIEA), HBTU, HOBT, piperidine were 

purchased from EMO (Canada); and Tental gel resin was purchased from lntavis 

(Canada)_ Other reagents and solvents were purchased from Sigma (Canada). MALDI­

TOF-mass spectra were recorded on a Micromass® bench-top MALDI-TOF mass 

analysis with reflection ion mode. 
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roo101 J (5). Synthesis of porous beads - 8.2 g of glycidyl methacrylate 

(manufactured by Mitsubishi Rayon Co., Ltd.), 65.9 g of trimethylolpropane 

trimethacrylate (manufactured by Sartomer), and 90.6 g of glycerol monomethacrylate 

(manufactured by NOF Corporation) were dissolved in 245.8 g of 2-octanone 

(manufactured by Toyo Gosei Co., Ltd.) and 62 g of acetophenone (manufactured by 

Wako Pure. Chemical Industries, Ltd.), and 2 g of 2,2'-azoisobutyronitrile (manufactured 

by Wako Pure Chemical Industries, Ltd.) was added to the solution to prepare an organic 

monomer solution. 

[00102] 8.5 g of polyvinyl alcohol t•pv A-217" manufactured by Kuraray Co., 

Ltd.), 0.43 g of sodium dodecyl sulfate ("Emal 100>' manufactured by Kao Corporation), 

and 21.3 g of sodiun1 sulfate (manufactured by Wako Pure Chemical Industries, Ltd.) 

were added to 4240 g of distilled water. The mixture was stirred overnight to prepare an 

aqueous solution. 

[00103] A separable flask (7 1) was charged with the resulting aqueous solution. 

The separable flask was equipped with a thermometer, a stirring blade, and a cooJing 

tube, and placed on a hot water bath. The aqueous solution was stirred at 600 rpm in a 

nitrogen atmosphere. When the temperature of the aqueous solution had reached 85°C, 

the organic monomer solution was added to the aqueous solution using a dropping funnel. 

The mixture was stirred for 5 hours. 

[00104] After cooling the reaction solution, the reaction solution was transferred to 

a polypropylene bottle (5 1). The reaction solution was allowed to stand until the beads 

noated. Unnecessary water was then sucked out from the bottom. of the bottle. Acetone 

was then added to the reaction solution to precipitate the beads. After allowing the 

reaction solution to stand for 3 minutes, acetone was removed by decantation. After 

repeating this operation twice, water was added to precjpitate the beads. After allowing 

the mixture to stand for 3 minutes, the mixture was subjected to decantation. After 

replacing the dispersion medium of the bead dispersion with acetone, the mixture was air~ 

dried overnight. The mixture was then dried using a vacuum dryer to obtain 90 g of 
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porous beads (hereinafter referred to as .. PB"). The average particle size of the PB was 

43 micrometers, and the specific surface area of the PB was 83 m2/g. 

LOOJ.05]. (6) Immobilization of protein ligands on the epoxy beads- Epoxy-

activated beads obtained as described in the previ~us section, were used for 

immobiHzation. The epoxy beads were washed .with the immobilization buffer before the 

immobilization. Five milligram of protein ligand fused to an anchor peptide was added to 

l ml of the epoxy resin. The protein/resin mixture was incubated at room temperature 

overnight with a rotating shaker. After overnjght immobilization, the protein ligand fused 

to an anchor peptide (such as 901, 902, etc) resin was blocked with IM thioglyceol in 0.1 

M Na2SO4, pH 8.3 for 4 hours at room temperature. After blocking, the resin was 

washed with 1 x PBS(+ 0.5% Tween 20). After washing~ a protein A affinity resin was 

ready for further use. 

100106] (7} Dot analysis - Referring to Figure 4, products 901 (Figure 4 A), 902 

(Figure 4 A), 903 (Figure 4 B), 904 (Figure 4 B), 123 (Figure 4 C) and 201 {Figure 4 D) 

before immobilization (top row) and after immobilization (product left in solution, 

bottom row) on the epoxy beads were diluted 1: 1 in PBS respectively and dotted on a 

njtrocellulose filter paper. The filter strips were stained by Coomassie blue. In a control 

experiment, BSA (bovine serum albumin, Pierce Co.) was immobiHzed on the same 

epoxy beads and samples were taken before and after the immobilization reaction and 

dotted on a nitrocellulose filter paper, as illustrated in Figure 4 E (Top row: before 

immobilization; bottom row: after immobilization). 

{8) BCA protein analysis - Referring to Figure 5 a BCA protein analysis of the fused 

products referred to in Figure 4 was performed using a protein assay kit (Pierce). Briefly, 

BCA Protein Assay combines the wellpknown reduction of Cu2+ to Cul+ by protein in 

an alkaline medium with the highly sensitive and selective colorimetric detection of the 

cuprous cation (Cul+) by bicinchoninic acid. The first step is the chelation of copper 

with protein in an alkaline environment to form a light blue complex. In this reaction, 

known as the biuret reaction, peptides containing three or more amino acid residues form 

a colored chelate complex with cupric ions in an alkaline environment containing sodium 
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potassium tartrate. In the second step of the color development reaction, bicin.choninic 

acid (13CA) reacts with the reduced (cuprous) cation that was formed in step one. The 

intense purple-colored reaction product results from the chelation of two molecules of 

BCA with one cuprous ion. The BCA/copper complex is water-soluble and exhibits a 

strong linear absorbance at 562 nm with increasing protein concentrations. 

100107] For the BCA assay, 200 µI of the reaction solution was added into each 

we! I on a 96 9 well plate. Then, 25 µl of BSA standard samples or unknown protein 

samples was added into each well. The 96-well plate containing samples was incubated at 

37 °C, for 30 minutes, The purple color was measured at 0DS95nm using the microplate 

reader (Perkin-Elmer). A BSA standard curve was constructed by using protein 

concentration as X axis and 0D595 as Y axis. Unknown protein samples' concentrations 

were deduced based on the BSA standard curve. 

[001081 The protein concentrations in those samples were measured_ The 

immobilization efficiency of a protein ligand was illustrated as percentages of a protein 

ligand concentration before and after immobilization process. 

100109] (9) lgG binding capacity of a Protein A affinity column-Protein A 

affinity columns were evaluated for their IgG binding capacities. Human IgG solution at 

I mg/ml of PBS was loaded on l ml of bed volume Protein A affinity resin. The flow­

through samples were collected. OD280 value was measured in both loading lgG solution 

and flow-through samples to calculate the lgG content in samples. The percentage of lgG 

content in the loading solution and in the flow-through samples indicated a Protein-A 

affinity column's IgG binding capacity (illustrated at Y axis of Figure 6). 
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We Claim: 

l. An anchor peptide for linking a ligand mo.lecule to a solid support, said anchor 

peptide comprising an an1ino acid motif having at least one neutral polar residue and 

at least one basic polar residue. 

2. The anchor peptjde of claim 1, characterized in that said at least one neutral polar 

residue is serine (S) or threonine (T), and wherein said at least one basic polar residue 

is lysine (K). 

3. The anchor peptide of claim l, characterized in that the amino acid motif comprises 

the formula XX, wherein one X is a Kand the other X is S or T. 

4. The anchor peptide of claim l, characterized in that said anchor peptide further 

con.1prises at least one neutral non-polar residue. 

5. The anchor peptide of claim 4, characterized in that said at least one neutral polar 

residue is S or T, said at least one basic polar residue is K and said at least one neutral 

non-polar residue is alanine (A). 

6. The anchor peptide of claim 1 ~ characterized in that the amino acid motif comprises at 

least 2 amino acid residues. 

7. The anchor peptide of claim 1; characterized in that the amino acid motif comprises 

the formula XX-UU-XX (SEQ ID NO: 3), wherein each X is K, S or T and wherein 

U is any amino acid. 

8. The anchor peptide of claim 1, characterized in that the amino acid ~otif comprises 

the formula XX-UU-XX (SEQ ID NO: 4), wherein each X is A, K, S or T and 

wherein lJ is any amino acid. 

9. The anchor peptide of claim 1, characterized in that the amino acid Jl!Olif comprises 

the fonnula XX-GA-XX (SEQ ID NO: 5), wherein each Xis K, Sor T. 
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1 O. 'll1e anchor peptide of claim 1, characterized in that the amino acid motif comprises 

the sequence ATK (SEQ TD NO: l) or ASK (SEQ ID NO: 2). 

11. The anchor peptide of claim 1, characterized in that the amino acid motif comprises 

the sequence ATKASK (SEQ ID NO: 6). 

l 2. The anchor peptide of claim 1, characterized in that the amino acid motif comprises 

the sequence ATKGA TK (SEQ ID NO: 7). 

13. The anchor peptide of claim 1, characterized in that the ligand molecule includes an 

immunoglobulin-binding protein, an enzyme, a target protein binding partner or a 

nucleic acid molecule. 

14. The anchor peptide of claim 1, characterized in that the ligand molecule is protein A 

or a domain of protein A. 

15. The anchor peptide of claim l, characterized in that the anchor peptide is labelled 

with a detectable label. 

16. The anchor peptide of claim 1, characterized in that said anchor peptide is labelled 

with a cytotoxic molecule, a fluorescent molecule or radioactive molecule. 

1.7. A fused product comprising a ligand molecule and an anchor peptide, said anchor 

peptide comprising an amino acid motif having at least one neutral polar residue and 

at least one basic polar residue. 

18. The fused product of claim 17, characterized in that said at least one neutral polar 

residue is serine (S) or threonine (T), and wherein said at least one basic polar residue 

is lysine (K). 

19. The fused product of claim 17, characterized in that the amino acid motif comprises 

the formula XX. wherein one X is a Kand the other X is S or T. 

20. The fused product of claim 17, characterized in that said anchor peptide further 

comprises at least one neutral nonypolar residue. 
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21. The f-used product of claim 20~ charavterized in that said at least one neutral polar 

residue is S or T, said at least one basic polar .residue is Kand said at least one neutral 

non-polar residue is alanine (A). 

22. The fused product of claim 17, characterized in that the amino acid motif comprises 

at least 2 amino acid residues. 

23. The fused product of claim 17, characterized in that the amino acid motif comprises 

the formula XX-UU-XX (SEQ ID NO: 3), wherein each X is K, S or T and wherein 

U is any amino acid. 

24. The fused product of claim 17, characterized in that the amino acid motif comprises 

the formula XX-UU-XX (SEQ ID NO: 4), wherein each X is A; K, S or T and 

wherein U is any amino acid. 

25. The fused product of claim 17, characterized in that the amino acid motif comprises 

the formula XX-GA-XX (SEQ ID NO: 5), wherein each X is K, S or T. 

26. The fused product of claim 17, characterized in that the amino acid motif cornp~ses 

the sequence ATK (SEQ ID NO: 1) or ASK (SEQ ID NO: 2). 

27. The fused product of claim 17, characterized in that the amino acid motif comprises 

the sequence A TKASK (SEQ ID NO: 6). 

28. The fused product of claim 17, characterized jn that the amino acid motif comprises 

the sequence ATKGA TK (SEQ ID NO: 7). 

29. The fused product of claim 17, characterized in that the ligand molecule includes an 

imtnunoglobulin-binding protein, an enzyme, a target protein binding partner or a 

nucleic acid molecule. 

30. The fused product of claim 17, characterized in that the ligand molecule is protein A 

or a domain of protein A 

31. The fused product of claim 17, characterized in that the fused product is labelled with 

a detectable label. 
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32. The fused product of claim 17, characterized 'in that the fused product is labelled with 

a cytotoxic molecule, a fluorescent molecule or radioactive molecule. 

33. The fused product of claim l 7, characterized in that the ligand molecule is a protein 

and said anchor peptide is bound to the N-terminus or the C-terminus of the ligand 

protein. 

34. A solid support having an immobilized fused product, the fused product comprising a 

ligand molecule and an anchor peptide, said anchor peptide comprising an amino acid 

motif having at least one neutral polar residue and at least one basic polar residue. 

35. The solid support of claim 34, characterized in that said at least one neutral polar 

residue is serine (S) or threonine (T), and wherein sajd at least one basic polar residue 

is lysine (K). 

36. The solid support of claim 34, characterized in that the amino add motif comprises 

the formula XX, wherein one Xis a Kand the other Xis Sor T. 

37. The solid support of claim 34, characterized in that said anchor peptide further 

comprises at least one neutral non-polar residue. 

38. The solid support of claim 37, characterized in that said at least one neutral polar 

residue is S or T, said at least one basic polar residue is K and said at least one neutral 

non-polar residue is alanjne (A). 

39. The solid support of claim 34, characterized 1n that the amino acid motif comprises at 

least 2 amino acid residues. 

40. The solid support of claim 34, characterized in that the amino acid motif comprises 

the formula XX-UU-XX (SEQ ID NO: 3), wherein each Xis K, Sor T and wherein 

lJ is any amino acid. 

41. The solid support of claim 34, characterized in that the amino acid motif comprises 

the formula XX-UU-XX (SEQ 10 NO: 4), wherein each X is A, K. S or T and 

wherein U is any amino acid. 

-26 -

Case No.: IPR2023-00321 
U.S. Patent No. 10,689,656



 
Motif Exhibit 1040, Page 616 of 1537

WO 2012/083424 PCT /CA2011/001366 

42. The solid support of claim 34, characterized in that the amino acid motif comprises 

the formula XX-GA-XX (SEQ ID NO: 5), wherein each X is K, S or T. 

43. The solid support of claim 3'.'1-, characterized in that the amino acid motif comprises 

the sequence A TK (SEQ ID NO: 1) or ASK (SEQ ID NO: 2). 

44. The solid support of claim 34, characterized in that the amino acid motif comprises 

the sequence A TKASK (SEQ ID NO: 6). 

45. The solid support of claim 34, characterized in that the amino acid motif comprises 

the sequence ATKGATK (SEQ ID NO: 7). 

46. The solid support of claim 34, characterized in that the ligand molecule includes an 

immunoglobulin-binding protein, an enzyme, a target protein binding partner or a 

nucle.ic acid molecule. 

47. The solid support of claim 34, characterized in that the ligand molecule is protein A 

or a domain of protein A. 

48. The solid support of claim 34, characterized in that the fused product is labelled with 

a detectable label. 

49. The solid support of claim 34, characterized in that fused product is labelled with a 

cytotoxic molecuJe, a fluorescent molecule or radioactive molecule. 

50. The soJid support of claim 34, characterized in that the ligand molecule is a protein 

and said anchor peptide is fused to the N-terminus or the C-terminus of the ligand 

protein. 

51. The solid support of claim 34, characterized in that the solid support includes porous 

or nonporous particles. 

52. The solid support of claim 51, characterized in that the particles are packed in a 

column or suspended in a solution. 

53. The solid support of claim 34, characterized in that the solid support is in the form of 

a surface, a monolith, a chip, a capillary or a filter. 

54. A method of immobilizing a ligand molecule to a solid support comprising: 
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a. forming a fused product comprising a ligand molecule and an anchor 

peptide, said anchor peptide comprising an amino acid motif having at 

least one neutral polar residue and at least one basic polar residue; and 

b. contacting the fused product with a solid support under conditions to 

immobilize the fused product to the solid support. 

55. ·111c method of immobilizing a ligand molecule to a solid support of claim 54, 

characterized in that said at least one neutral polar residue is serine (S) or threonine 

(T), and wherein said at least one basic polar residue is lysine (K). 

56. The method of immobilizing a ligand molecule to a solid support of claim 54, 

characterized in that said anchor peptide further comprises at least one neutral non­

polar residue. 

57. The method of immobilizing a ligand molecule to a solid support of claim 54, 

characterized in that said at least one neutral polar residue is S or T, said at least one 

basic polar residue is Kand said at least one neutral non-polar residue is alanine (A). 

58. The method of immobilizing a ligand molecule to a solid support of claim 54, 

characterized in that the amino acid motjf comprises at least 2 amino acid residues. 

59. The method of immobilizing a ligand molecule to a solid support of claim 54, 

characterized in that th~ amino add motif comprises the formula XX-UU-XX (SEQ 

ID NO: 3), wherein each X is K, S or T and wherein U is any amino acid. 

60. The method of immobilizing a ligand molecule to a solid support of claim 54, 

characterized in that the amino acid motif comprises the fom1ula XX·UU-XX (SEQ 

ID NO: 4), wherein each Xis A, K, Sor T and wherein U is any amino acid. 

61. The method of immobilizing a ligand molecule to a solid support of claim 54, 

characterized in that the amino acid motif comprises the formula XX-GA-XX (SEQ 

JD NO: 5), wherein each X is K, S or T. 
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62. The method of immobilizing a ligand molecule to a solid support of claim 54, 

characterized in that the amino acid motif comprises the sequence ATK (SEQ ID NO: 

I) or ASK (SEQ ID NO: 2). 

63. The method of immobilizing a ligand molecule to a solid support of claim 54, 

characterized in that the amino acid motif comprises the sequence A TKASK (SEQ ID 

NO: 6). 

64. The method of immobilizing a ligand molecule to a solid support of claim 54, 

characterized in that the amino acid motif comprises the sequence A TKGA TK (SEQ 

IDNO: 7). 

65. The method of immobilizing a ligand molecule to a solid support of claim 54, 

characterized in that the ligand molecule includes an immunoglobulin•binding 

protein, an enzyme, a target protein binding partner or a nucleic acid molecul~. 

66. The method of immobilizing a ligand molecule to a solid support of claim 54, 

character.ized in that the ligand mol.ecule is protein A or a domain of protein A 

67. The method of immobilizing a ligand molecule to a solid support of claim 54, 

characterized in that the fused product is labelled with a detectable label. 

68. The method of immobilizing a ligand molecule to a solid support of claim 54, 

characterized in that fused product is labelled with a cytotox.ic molecule, a fluorescent 

molecule or radioactive molecule. 

69. The method of immobilizing a ligand molecule to a solid support of claim 54, 

characterized in that the ligand molecule is a protein and said anchor peptide js bound 

to the N-terminus or the C-terminus of the ligand protein. 

70. A method for purifying a molecule of interest in a sample suspected to include the 

molecule of interest~ characterized in that the method comprises: 

(a) contacting the sample with a fused product immobilized to a solid support. the 

f'uscd product comprising a ligand molecule that binds to the molecule of interest and an 

anchor peptide, said anchor peptide comprising an amino acid motif having at least one 

neutral polar residue and at least one basic polar residue, said contacting being under 
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conditions wherein a complex js formed between the molecule of interest and the ligand 

molecule if said molecule of interest is present in the sample; and 

(b) recovering the molecule of interest from the complex thereby purifying the 

molecule of interest from the sample. 

71.. A method for detecting a molecule of interest in a sample suspected to include the 

molecule of interest, characterized in that the method comprises: 

(a) contacting the sample to a fused product immobilized to a solid support, the fused 

product comprising a ligand molecule that binds to the molecule of interest and an anchor 

peptide, said anchor peptide cornpdsing an amino acid motif having at least one neutral 

polar residue and at least one basic polar residue, said contacting being under conditions 

wherein a complex is formed between the molecule of interest and the ligand molecule if 

said molecule of interest is present in the sample; 

(b) recovering the molecule of interest from the complex; and 

( c) detecting the recovered molecule of interest. 

72. The method for detecting a molecule of interest of claim 71, characterized in that 

said method further comprises ( d) measuring the quantity of recovered molecule of 

interest. 

73. The method for detecting a molecule of interest of claim 71, characterized in that 

prjor to the recovering step, the method further comprises detecting the complex. 

74. The methods according to any one of claims 69 and 70, characterized in that said at 

least one neutral polar residue js serine (S) or threonine (T), and wherein said at least 

one basjc polar residue is lysine (K). 

75. The methods according to any one of claims 70 and 71, characterized in that said 

molecule of interest is IgG and said ligand molecule is protein A or a d<;>main of 

protein A. 

76. /\ vector comprising at least one copy of a gene of a ligand molecule arid at least one 

gene capable of coding for an anchor _peptide, said anchor peptide comprising an 

amino acid motif having at least one neutral polar residue and at least one basic polar 

residue. 
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I.D. Structure Sequence 
1 X-A-X-G-A-X-G-X biotin-G-G-Y-G-K-A-K-G-A-K-G~K-A-G 
2 biotin-G-G-Y-G-K-A-S-G-A-K-G-S-A-G 
3 biotin-G-G-Y-G-S-A-S-G-A-K-G-K-A-G 
4 biotin-G-G-Y-G-K-A-S-G-A-K-G-S-A-G 
5 biotin-G-G-Y-G-S-A~S-G-A-S-G-S-A-G 
6 biotin-G-G-Y-G-T-A-T-G-A-T-G-T-A-G 
7 biotin-G-G-Y-G-K-A-T-G-A-K-G-T-A-G 
8 biotin-G-G-Y-G-H-A-K-G-A-H-G-K-A-G 
9 X-X-G-A-X-X biotin-G-G-Y-G-A-K-K-G-A-K-K-G-A-G 
10 biotin-G-G-Y-G-A-K-S-G-A-K-S-G-A-G 
~,1:-., --~·. ., ., ., ,_ ... , -;,.,,,":,. ·s,/_P~9.~,t~~?-::.ct~'"(:;(J~-f\:.~.:--~~~-fs-:-:~~-1<:_:'::~::-l~--_G 
12 biotin-G-G-Y-G-A-K-T-G-A-K-T-G-A-G 
,13 ; · · . , ·. . . .. biotin-G-G-Y-.G-A-,T-,K-G-A-T-I<-.G-A-G 
14~-~~~~·------· ~· .... ::.L-~~ ... :bi~t":i"n:.G:::G:'.::y.:..(f: .. ji_:_s~T.:..:G-t-s~T:.:.G.....-A.~G 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

X-X-X-G-X-X-X 

Random 

biotin-G-G-Y~G-A-B-K-G-A-H-K-G-A-G 
biotin-G-G-Y-G-A-H-H-G-A-K-K-G-A-G 
biotin-G-G-Y-G-A-K-K-K-G-K-K-K-G-A 
biotin-G-G-Y-G-A-K-S-K-G-K-S-K-G-A 
biotin-G-G-Y-G-A-K-T-K-G-K-T-K-G-A 
biotin-G-G-Y-G-A-K-H-K-G-K-B-K-G-A 
biotin-G-G-Y-G-A-K-K-S-G-K-K-S-G-A 
biotin-G-G-Y-G-A-K-K-T-G-K-K-T-G-A 
biotin-G-G-Y-G-A-S-K-K-G-S-K-K-G-A 
biotin-G-G-Y-G-A-T-K-K-G-T-K-K-G-A 

biotin-G-K-D-Y-D-I-P-K-K-E-N-L-Y-F-Q 
bi.otin-G-H-H-Y-D-I-I?-K-K-E-N-L--Y-F-Q 
biotin-G-S-K-Y-K-I-P-T-T~K-K-L-Y-F-Q 
biotin-G-S-S-Y-S-A-P-T-T-S-N-L-Y-F-Q 
biotin-G-S-D-Y-D-A-K-T-T-E-N-L-Y-F-Q 
biotin-G-S-D-Y-D-A-P-T-T-E-K-K-Y-F-Q 
biotin-G-S-D-Y-D-A-P-T-T-E-K-K-Y-K-K 
biotin-G-S-D-Y-D-A-P-T-T-E-K-K-T-K-K 
biotin-G-S-D-Y-D-A-P-T-T-E-K-K-H-K-K 
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because theY relate to subject matter not required to be searched bv this Authoritv, nameh· 

2. [ ] Claim Nos. · 

because the, relate to parts of the international application that do not complv with the prescribed requirements to such an extent 
that no meaningful international search can be carried out specifically 

3. [ ] Claim Nos. • 

because the:- are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

BoxNo. III Obsencations where unity of invention is lacking (Continuation of item 3 of first sheet) 
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the pmment of a protest fee 
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human chorionic gonadotrophin to a solid support. Anal. Biochem. 1996, 
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METHODS AND COMPOSITIONS FOR CONSUMABLES 

This application claims priority to U.S. application Ser. No. 61/572,205 filed July 12, 2011, which is 

incorporated herein in its entirety by reference. 

BACKGROUND OF THE INVENTION 

[0001] Animal farming has a profound negative environmental impact. Currently it is estimated that 

30% ofEaiih's land surface is dedicated to animal fam1ing and that livestock account for 20% of total 

terrestrial animal biomass. Due to this massive scale animal farming accounts for more than 18% of net 

greenhouse gas emissions. Animal farming may be the largest human source of water pollution, and 

animal farming is by far the world's largest threat to biodiversity. It has been estimated that if the worlds 

human population could shift from a meat containing diet to a diet free of animal products, 26% of 

Earth's land surface would be freed for other uses. Furthermore the shift to a vegetarian diet would 

massively reduce water and energy consumption. 

[0002] The consumption of meat has a profound negative impact on human health. The heath benefits of 

a vegetarian diet are well established. If the human population would shift to a vegetarian diet the cost 

savings in health care would be significant. 

[0003] Hunger is a worldwide problem, yet the world's 4 major commodity crops (soybeans, maize, 

wheat, and rice) already supply more than 100% of the human population's requirements for calories and 

protein, including every essential amino acid. 

[0004] Plant based meat substitutes have largely failed to cause a shift to a vegetarian diet. The current 

state of the art for meat substitute compositions involves the extrusion of soy/grain mixture, resulting in 

products which largely fail to replicate the experience of cooking and eating meat. Common limitations of 

these products are a texture and mouthf eel that are more homogenous than that of equivalent meat 

products. Furthermore, as the products must largely be sold pre-cooked, with artificial flavors and 

aromas built in, they fail to replicate aromas, flavors, and other key features associated with cooking 

meat. As a result, these products appeal mainly to a limited consumer base that is already committed to 

vegetarianism/veganism, but have failed to appeal to the larger consumer segment accustomed to eating 

meat. 

[0005] Disclosed herein are improved methods and compositions which more accurately replicate the 

characteristics that consumers value in the preparation and consumption of meat and which overcome the 

shortcomings and drawbacks of current meat substitutes. 

SUMMARY OF THE INVENTION 

[0006] In some aspects, the invention provides a meat substitute composition comprising a protein 

content, wherein one or more isolated and purified proteins accounts for 10% or more of said protein 

content by weight, wherein said meat substitute composition accurately mimics the taste, texture, or color 

of a meat product derived from animal sources. 
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[0007] In one embodiment, the meat substitute composition accurately mimics the color of said meat 

product in its raw state and in a cooked state after cooking. 

[0008] In another embodiment, the one or more isolated and purified proteins accounts for 25% or more 

of said protein content by weight. 

[0009] In another embodiment, the one or more isolated and purified proteins accounts for 50% or more 

of said protein content by weight. 

[0010] In another embodiment, the one or more isolated and purified proteins accounts for 75% or more 

of said protein content by weight. 

[0011] In another embodiment, the one or more isolated and purified proteins accounts for 90% or more 

of said protein content by weight. 

[0012] In another embodiment, gluten does not account for 10% or more of said protein content by 

weight. 

[0013] In another embodiment, each of said isolated, purified proteins is separately isolated and purified. 

[0014] In another embodiment, the meat substitute composition comprises 1-7 isolated and purified 

proteins. 

[0015] In another embodiment, said 1-7 isolated and purified proteins are each isolated from different 

plant species. 

[0016] In some embodiments the meat substitute comprises less than 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 

16, 17, 18, 19, or 20 individual proteins isolated from one or more plant species. 

[0017] In another embodiment, said protein content comprises no more than trace amounts of any other 

proteins derived from the one or more plant species. 

[0018] In another embodiment, said one or more isolated and purified proteins are selected from the 

group consisting of leghemoglobin, non-symbiotic hemoglobin, hemoglobin, myoglobin, chlorocruorin, 

erythrocruorin, neuroglobin, cytoglobin, protoglobin, truncated 2/2 globin, HbN, cyanoglobin, HbO, 

Glb3, and cytochromes, Hell's gate globin I, bacterial hemoglobins, ciliate myoglobins, 

flavohemoglobins, ribosomal proteins, actin, hexokinase, lactate dehydrogenase, fructose bisphosphate 

aldolase, phosphofructokinases, triose phosphate isomerases, phosphoglycerate kinases, phosphoglycerate 

mutases, enolases, pyruvate kinases, glyceraldehyde-3-phosphate dehydrogenases, pyruvate 

decarboxylases, actins, translation elongation factors, ribulose-1,5-bisphosphate carboxylase oxygenase 

(rubisco), ribulose-1,5-bisphosphate carboxylase oxygenase activase (rubisco activase), albumins, 

glycinins, conglycinins, globulins, vicilins, conalbumin, gliadin, glutelin, gluten, glutenin, hordein, 

prolamin, phaseolin (protein), proteinoplast, secalin, extensins, triticeae gluten, zein, any seed storage 

protein, oleosins, caloleosins, steroleosins or other oil body proteins, vegetative storage protein A, 

vegetative storage protein B, moong seed storage 8S globulin. 

[0019] In another embodiment, said one or more isolated and purified proteins are not isolated from an 

animal. 

[0020] In another embodiment, said one or more isolated and purified proteins are isolated from a single 

plant source. 
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[0021] In another embodiment, said one or more isolated and purified proteins are isolated :from multiple 

plant sources. 

[0022] In another embodiment, wherein said one or more isolated, purified proteins are isolated :from a 

genetically modified organism 

[0023] In some embodiments, said genetically modified organism is a genetically modified bacteria or 

yeast organism. 

[0024] In some embodiments, said isolated, purified protein has been formed into fibers. 

[0025] In particular embodiments, said fibers resemble skeletal muscle fibers. 

[0026] In yet more particular embodiments, said fibers are asymmetric fibers. 

[0027] In some embodiments, the meat substitute composition further comprises one or more isolated 

and purified iron-containing proteins. 

[0028] In some embodiments, said one or more isolated and purified iron-containing proteins is selected 

:from the group consisting of hemoglobin, myoglobin, leghemoglobin, non-symbiotic hemoglobin, 

chlorocruorin, erythrocruorin, neuroglobin, cytoglobin, protoglobin, truncated 2/2 globin, HbN, 

cyanoglobin, HbO, Glb3, and Hell's gate globin I, bacterial hemoglobins, ciliate myoglobins, 

flavohemoglobins,. 

[0029] In a particular embodiment, said iron-containing protein comprises an amino acid sequence with 

at least 70% homology to SEQ ID NO 1. SEQ ID NO I: 

MV AFTEKQDAL VSSSFEAFKANIPQYSVVFYTSILEKAP AAKDLFSFLANGVDPTNPKL TGHAEK 

LF AL VRDSAGQLKASGTVV ADAALGSVHAQKA VTDPQFVVVKEALLKTIKAA VGDKWSDELS 

RA WEV A YDELAAAIKKA. 

[0030] In a particular embodiment, said iron-containing protein comprises an amino acid sequence with 

at least 70% homology to SEQ ID NO 2. SEQ ID NO 2: MIDQKEKELI KESWKRIEPN 

KNEIGLLFY A NLFKEEPTVS VLFQNPISSQ SRKLMQVLGI L VQGIDNLEG LIPTLQDLGR 

RHKQYGVVDS HYPL VGDCLL KSIQEYLGQG FTEEAKAA WT KVYGIAAQVM T AE. In some 

embodiments said iron-containing protein comprises an amino acid sequence with at least 80% homology 

to SEQ ID NO 2. In some embodiments said iron-containing protein comprises an amino acid sequence 

with at least 90% homology to SEQ ID NO 2. In some embodiments said iron-containing protein 

comprises an amino acid sequence with at least 98% homology to SEQ ID NO 2. 

[0031J ln a particular embodiment, said iron-containing protein comprises an amino acid sequence with 

at least 70% homology to SEQ ID NO 3. SEQ ID NO 3: MRKQPTVFEK LGGQAAMHAA 

VPLFYKKVLA DDRVKHYFKN TNMEHQAKQQ EDFLTMLLGG PNHYKGKNMA 

EAHKGMNLQN SHFDAIIENL AATLKELGVS DQIIGEAAKV IEHTRKDCLG K. In some 

embodiments said iron-containing protein comprises an amino acid sequence with at least 80% homology 

to SEQ ID NO 3. In some embodiments said iron-containing protein comprises an amino acid sequence 

with at least 90% homology to SEQ ID NO 3. In some embodiments said iron-containing protein 

comprises an amino acid sequence with at least 98% homology to SEQ ID NO 3. 

[0032] In some embodiments, the isolated and purified proteins are assembled into one or more gels. 
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[0033] In some embodiments, the meat substitute composition further comprises one or more fats. 

[0034] In particular embodiments, said one or more fats are derived from a plant source. 

[0035] In another aspect, the invention provides a meat substitute product that comprises an indicator 

that indicates cooking progression from a raw state to a cooked state, wherein said meat substitute product 

is derived from non-animal sources. 

[0036] In some embodiments, said indicator is a visual indicator that accurately mimics the color 

transition of a meat product during said cooking progression. 

[0037] In one embodiment, said color transition is from red to brown. 

[0038] In one embodiment, said color transition is from pink to white or tan. 

[0039] In one embodiment, said visual indicator transitions from a translucent to opaque color during 

said cooking progression. 

[0040] In some embodiments, the indicator is an olfactory indicator that indicates cooking progression. 

[0041] In one embodiment, said olfactory indicator is one or more volatile odorants released during 

cooking. 

[0042] In some embodiments, said indicator comprises one or more isolated, purified iron-containing 

proteins. 

[0043] In particular embodiments, said one or more isolated, purified iron-containing proteins is in a 

reduced state before cooking. 

[0044] In one embodiment, said one or more isolated and purified iron-containing proteins is selected 

from the group consisting of hemoglobin, myoglobin, leghemoglobin, non-symbiotic hemoglobin, 

chlorocruorin, erythrocruorin, neuroglobin, cytoglobin, protoglobin, truncated 2/2 globin, HbN, 

cyanoglobin, HbO, Glb3, and cytochromes, Hell's gate globin I, bacterial hemoglobins, ciliate 

myoglobins, flavohemoglobins. 

[0045] In a particular embodiment, said iron-containing protein comprises an amino acid sequence with 

at least 70% homology to SEQ ID NO 1. SEQ ID NO 1: 

MV AFTEKQDAL VSSSFEAFKANIPQYSVVFYTSILEKAP AAKDLFSFLANGVDPTNPKL TGHAEK 

LF AL VRDSAGQLKASGTVV ADAALGSVHAQKA VTDPQFVVVKEALLKTIKAA VGDKWSDELS 

RA WEV A YDELAAAIKKA. 

[0046] In some embodiments, said one or more isolated and purified iron-containing proteins are not 

isolated from an animal. In some embodiments compositions of the invention do not contain any proteins 

from an animal. 

[0047] In particular embodiments, said one or more isolated and purified iron-containing proteins are 

isolated from one or more plant sources. 

[0048] In yet more particular embodiments, said one or more isolated, purified proteins are isolated from 

the root nodules, roots, seeds, leaves, or stems of said one or more plant sources. 

[0049] In other particular embodiments, said one or more plant sources are soy or pea plants. 

[0050] In one embodiment, said one or more plant sources comprises one or more plants of the legume 

family. 
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[0051] In some embodiments, said one or more isolated and purified iron carrying proteins in a reduced 

or oxidized state has a similar UV-VIS profile to a myoglobin protein derived from an animal source 

when in an equivalent reduced or oxidized state. 

[0052] In a particular embodiment, the difference between the peak absorbance wavelength of said one 

or more isolated and purified iron-containing proteins and the peak absorbance wavelength of myoglobin 

derived from an animal source is less than 5%. 

[0053] In some embodiments, said one or more isolated, purified proteins are isolated from a genetically 

modified organism. 

[0054] In one embodiment, said genetically modified organism is a genetically modified bacteria or 

yeast organism. 

[0055] In some embodiments, the meat substitute product contains no methylcellulose, no carrageenan, 

no caramel color, no konjac flour, no gum arabic, and no acacia gum. 

[0056] In particular embodiments, the meat substitute product additionally contains less than 1 % wheat 

gluten. 

[0057] In a more particular embodiment, said meat substitute product contains no wheat gluten. 

[0058] In other particular embodiments, said meat substitute product contains no soy protein isolate. 

[0059] In other particular embodiments, said meat substitute product contains no soy protein concentrate. 

[0060] In other particular embodiments, said meat substitute product contains no soy protein. 

[0061] In a more particular embodiment, said meat substitute product contains less than 5% 

carbohydrates. 

[0062] In other particular embodiments, said meat substitute product contains no tofu. 

[0063] In some embodiments, said meat substitute product contains no tofu, and no wheat gluten. 

[0064] In some embodiments, said meat substitute product contains no soy protein, and no wheat gluten. 

[0065] In some embodiments, said meat substitute product contains no animal products and less than 5% 

carbohydrates. 

[0066] In some embodiments, said meat substitute product contains less than 1 % cellulose. 

[0067] In some embodiments, said meat substitute product contains less than 5% insoluble 

carbohydrates. 

[0068] In some embodiments, said meat substitute product contains no soy protein, and less than 1 % 

cellulose. 

[0069] In some embodiments, said meat substitute product contains no soy protein, and less than 5% 

insoluble carbohydrates. 

[0070] In some embodiments, said meat substitute product contains no wheat gluten, and less than 1 % 

cellulose. 

[0071] In some embodiments, said meat substitute product contains no wheat gluten, and less than 5% 

insoluble carbohydrates. 

[0072] In another aspect, the invention provides a muscle tissue replica comprising a protein content, 

wherein said protein content comprises one or more isolated and plJTified proteins, wherein said muscle 
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tissue replica approximates the taste, texture, or color of an equivalent muscle tissue derived from an 

animal source. 

[0073] In some embodiments, said one or more isolated and purified proteins accounts for at least 50% 

of said protein content by weight. In some embodiments, said one or more isolated and purified proteins 

accounts for at least 40% of said protein content by weight. In some embodiments, said one or more 

isolated and purified proteins accounts for at least 30% of said protein content by weight. In some 

embodiments, said one or more isolated and purified proteins accounts for at least 20% of said protein 

content by weight. In some embodiments, said one or more isolated and purified proteins accounts for at 

least 10% of said protein content by weight. 

[0074] In some embodiments, said one or more isolated and purified proteins accounts for at least 50% 

of said composition content by weight. In some embodiments, said one or more isolated and purified 

proteins accounts for at least 40% of said composition content by weight. In some embodiments, said one 

or more isolated and purified proteins accounts for at least 30% of said composition content by weight. In 

some embodiments, said one or more isolated and purified proteins accounts for at least 20% of said 

composition content by weight. In some embodiments, said one or more isolated and purified proteins 

accounts for at least 10% of said composition content by weight. In some embodiments, said one or more 

isolated and purified proteins accounts for at least 5% of said composition content by weight. In some 

embodiments, said one or more isolated and purified proteins accounts for at least 1 % of said composition 

content by weight. 

[0075] In some embodiments, said protein content is derived from one or more non-animal sources. 

[0076] In particular embodiments, said one or more non-animal sources is a plant source. 

[0077] In other particular embodiments, said one or more non-animal sources is a genetically modified 

yeast or bacteria. 

[0078] In some embodiments, each of said one or more isolated proteins is isolated and purified 

separately. 

[0079] In some embodiments, said one or more isolated proteins are selected from the group consisting 

of hemoglobin, myoglobin, chlorocruorin, erythrocruorin, neuroglobin, cytoglobin, protoglobin, truncated 

2/2 globin, HbN, cyanoglobin, HbO, Glb3, and cytochromes, Hell's gate globin I, bacterial hemoglobins, 

ciliate myoglobins, flavohemoglobins, ribosomal proteins, actin, hexokinase, lactate dehydrogenase, 

fructose bisphosphate aldolase, phosphofructokinases, triose phosphate isomerases, phosphoglycerate 

kinases, phosphoglycerate mutases, enolases, pyruvate kinases, glyceraldehyde-3-phosphate 

dehydrogenases, pyruvate decarboxylases, actins, translation elongation factors, ribulose-1,5-

bisphosphate carboxylase oxygenase (rubisco ), ribulose-1,5-bisphosphate carboxylase oxygenase activase 

(rubisco activase), albumins, glycinins, conglycinins, globulins, vicilins, conalbumin, gliadin, glutelin, 

gluten, glutenin, hordein, prolamin, phaseolin (protein), proteinoplast, secalin, extensins, triticeae gluten, 

zein, any seed storage protein, oleosins, caloleosins, steroleosins or other oil body proteins, vegetative 

storage protein A, vegetative storage protein B, moong seed storage 8S globulin. 

[0080] In one embodiment, said seed storage protein is moong bean 8S protein. 
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[0081] In some embodiments, said protein content is suspended in a gel. 

[0082] In some embodiments, said protein content is in the form of a gel. 

[0083] In one embodiment, said gel comprises an isolated, purified cross-linking enzyme. 

[0084] In some embodiments, said isolated, purified cross-linking enzyme is selected from the group 

consisting of transglutaminase, lysyl oxidases, and amine oxidases. 

[0085] In a particular embodiment, said isolated, purified cross-linking enzyme is transglutaminase. 

[0086] In some embodiments, said protein content has been assembled into fibers. 

[0087] In particular embodiments, said fibers are arranged isotropically. 

[0088] In one embodiment, said fibers are asymmetric fibers. 

[0089] In some embodiments, the muscle tissue replica further comprises one or more isolated and 

purified iron-containing proteins. 

[0090] In some embodiments, said one or more isolated and purified iron-containing proteins is selected 

from the group consisting of hemoglobin, myoglobin, leghemoglobin, non-symbiotic hemoglobin, 

chlorocruorin, erythrocruorin, neuroglobin, cytoglobin, protoglobin, truncated 2/2 globin, HbN, 

cyanoglobin, HbO, Glb3, and cytochromes, Hell's gate globin I, bacterial hemoglobins, ciliate 

myoglobins, flavohemoglobins. 

[0091] In a particular embodiment, said one or more isolated and purified iron-containing proteins 

comprises an amino acid sequence with at least 70% homology to SEQ ID NO 1. SEQ ID NO 1: 

MV AFTEKQDAL VSSSFEAFKANIPQYSVVFYTSILEKAP AAKDLFSFLANGVDPTNPKL TGHAEK 

LF AL VRDSAGQLKASGTVV ADAALGSVHAQKA VTDPQFVVVKEALLKTIKAA VGDKWSDELS 

RA WEV A YDELAAAIKKA. In a particular embodiment, said one or more isolated and purified iron­

containing proteins comprises an amino acid sequence with at least 80% homology to SEQ ID NO 1. In 

a particular embodiment, said one or more isolated and purified iron-containing proteins comprises an 

amino acid sequence with at least 90% homology to SEQ ID NO 1. In a particular embodiment, said one 

or more isolated and purified iron-containing proteins comprises an amino acid sequence with at least 

95% homology to SEQ ID NO 1. In a particular embodiment, said one or more isolated and purified 

iron-containing proteins comprises an amino acid sequence with at least 98% homology to SEQ ID NO 1. 

[0092] In particular embodiments, the muscle tissue replica comprises a protein content, wherein ( i) one 

isolated and purified protein that is not an iron-containing protein accounts for 40-95% of said protein 

content, (ii) one or more isolated and purified iron-containing proteins accounts for 1-20% of said protein 

content, and (iii) one or more cross-linking reagents accounts for 0.1-35% of said protein content. 

[0093] In one embodiment, said protein content accounts for 5-50% of said replica by weight or by 

weight/volume. 

[0094] In one embodiment, said one isolated and purified protein is moong bean 8S protein. 

[0095] In one embodiment, said one or more isolated and purified iron-containing proteins is 

leghemoglobin. 

[0096] In one embodiment, said one or more cross-linking reagents is transglutaminase. 
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[0097] In some embodiments, the muscle tissue replica contains no methylcellulose, no carrageenan, no 

caramel color, no konjac flour, no gum arabic, and no acacia gum. 

[0098] In particular embodiments, the muscle tissue replica additionally contains less than 1 % wheat 

gluten. In paiiicular embodiments, the muscle tissue replica additionally contains less than 5% wheat 

gluten. In particular embodiments, the muscle tissue replica additionally contains less than 10% wheat 

gluten. In paiiicular embodiments, the muscle tissue replica additionally contains less than 0.1 % wheat 

gluten. 

[0099] In a more particular embodiment, said muscle tissue replica contains no wheat gluten. 

[00100] In other particular embodiments, said muscle tissue replica contains no soy protein isolate. 

[00101] In other particular embodiments, said muscle tissue replica contains no soy protein concentrate. 

[00102] In other particular embodiments, said muscle tissue replica contains no soy protein. 

[00103] In a more particular embodiment, said muscle tissue replica contains less than 5% carbohydrates. 

[00104] In other particular embodiments, said muscle tissue replica contains no tofu. 

[00105] In some embodiments, said muscle tissue replica contains no tofu, and no wheat gluten. 

[00106)111 some embodiments, said muscle tissue replica contains no soy protein, and no wheat gluten. 

[00107] In some embodiments, said muscle tissue replica contains no animal products and less than 5% 

carbohydrates. 

[00108] In some embodiments, said muscle tissue replica contains less than 1 % cellulose. 

[00109] In some embodiments, said muscle tissue replica contains less than 5% insoluble carbohydrates. 

[0011 0] In some embodiments, said muscle tissue replica contains no soy protein, and less than 1 % 

cellulose. 

[00111] In some embodiments, said muscle tissue replica contains no soy protein, and less than 5% 

insoluble carbohydrates. 

[00112] In some embodiments, said muscle tissue replica contains no wheat gluten, and less than 1 % 

cellulose. 

[00113] In some embodiments, said muscle tissue replica contains no wheat gluten, and less than 5% 

insoluble carbohydrates. 

[00114] In some embodiments, the muscle tissue replica contains no methylcellulose, no carrageenan, no 

caramel color, no konjac flour, no gum arabic, and no acacia gum 

[00115] In particular embodiments, the meat replica contains less than 1 % wheat gluten. In particular 

embodiments, the meat replica contains less than 5% wheat gluten. In particular embodiments, the meat 

replica contains less than 10% wheat gluten. In particular embodiments, the meat replica contains less 

than 0.1 % wheat gluten. 

[00116] In a more particular embodiment, the meat replica contains no wheat gluten. 

[00117] In other particular embodiments, the meat replica contains no soy protein isolate. 

[00118] In other particular embodiments, the meat replica contains no soy protein concentrate. 
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[00119] In other particular embodiments, the meat replica contains no soy protein. 

[00120] In a more particular embodiment, the meat replica contains less than 5% carbohydrates. 

[00121] In other particular embodiments, the meat replica contains no tofu. 

[00122] In some embodiments, the meat replica contains no tofu, and no wheat gluten. 

[00123] In some embodiments, the meat replica contains no soy protein, and no wheat gluten. 

[00124] In some embodiments, the meat replica contains no animal products and less than 5% 

carbohydrates. 

[00125] In some embodiments, the meat replica contains less than 1 % cellulose. In some embodiments, 

the meat replica contains less than 0.1 % cellulose. In some embodiments, the meat replica contains less 

than 10% cellulose. In some embodiments, the meat replica contains less than 5% cellulose. 

[00126] In some embodiments, the meat replica contains less than 5% insoluble carbohydrates. 

[00127] In some embodiments, the meat replica contains no soy protein, and less than 1 % cellulose. 

[00128] In some embodiments, the meat replica contains no soy protein, and less than 5% insoluble 

carbohydrates. 

[00129] In some embodiments, the meat replica contains no wheat gluten, and less than 1 % cellulose. 

[00130] In some embodiments, the meat replica contains no wheat gluten, and less than 5% insoluble 

carbohydrates. 

[00131] In another aspect, the invention provides a fat tissue replica comprising a gelled emulsion, said 

gelled emulsion comprising a protein solution with fat droplets suspended therein. 

[00132] In some embodiments, said fat droplets are derived from a non-animal source. 

[00133] In some embodiments, said fat droplets are comprised of one or more plant oils. 

[00134] In some embodiments, said one or more plant oils is selected from the group consisting of corn 

oil, olive oil, soy oil, peanut oil, walnut oil, almond oil, sesame oil, cottonseed oil, rapeseed oil, canola 

oil, safflower oil, sunflower oil, flax seed oil, algal oil, palm oil, palm kernel oil, coconut oil, babassu oil, 

shea butter, mango butter, cocoa butter, wheat germ oil, rice bran oil, oils produced by bacteria, algae, 

archaea or fungi or genetically engineered bacteria, algae, archaea or fungi, triglycerides, monoglycerides, 

diglycerides, sphingosides, glycolipids, lecithin, lysolecithin, phophatidic acids, lysophosphatidic acids, 

oleic acid, palmitoleic acid, palmitic acid, myristic acid, lauric acid, myristoleic acid, caproic acid, capric 

acid, caprylic acid, pelargonic acid, undecanoic acid, linoleic acid, 20:1 eicosanoic acid, arachidonic acid, 

eicosapentanoic acid, docosohexanoic acid, 18:2 conjugated linoleic acid, conjugated oleic acid, or esters 

of: oleic acid, palmitoleic acid, palmitic acid, myristic acid, lauric acid, myristoleic acid, caproic acid, 

capric acid, caprylic acid, pelargonic acid, undecanoic acid, linoleic acid, 20: 1 eicosanoic acid, 

arachidonic acid, eicosapentanoic acid, docosohexanoic acid, 18:2 conjugated linoleic acid, or conjugated 

oleic acid, or glycerol esters of oleic acid, palmitoleic acid, palmitic acid, myristic acid, lauric acid, 

myristoleic acid, caproic acid, capric acid, caprylic acid, pelargonic acid, undecanoic acid, linoleic acid, 

20:1 eicosanoic acid, arachidonic acid, eicosapentanoic acid, docosohexanoic acid, 18:2 conjugated 

linoleic acid, or conjugated oleic acid, or triglyceride derivatives of oleic acid, palmitoleic acid, palmitic 

acid, myristic acid, lauric acid, myristoleic acid, caproic acid, capric acid, caprylic acid, pelargonic acid, 
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undecanoic acid, linoleic acid, 20: 1 eicosanoic acid, arachidonic acid, eicosapentanoic acid, 

docosohexanoic acid, 18:2 conjugated linoleic acid, or conjugated oleic acid. 

[00135] In one embodiment, said one or more plant oils is rice bran oil or canola oil. 

[00136] In some embodiments, said protein solution comprises one or more isolated, purified proteins. 

[00137] In some embodiments, said one or more isolated, purified proteins accounts for 75% or more of 

the protein in said protein solution. 

[00138] In some embodiments, said one or more isolated, purified proteins are derived from a non-animal 

source. 

[00139] In some embodiments, said non-animal source is a plant source. 

[00140] In some embodiments, said non-animal source is a genetically modified yeast or bacteria. 

[00141] In some embodiments, each of said one or more isolated proteins is isolated and purified 

separately. 

[00142] In some embodiments, said one or more isolated proteins are selected from the group consisting 

of hemoglobin, myoglobin, chlorocruorin, erythrocruorin, neuroglobin, cytoglobin, protoglobin, truncated 

2/2 globin, HbN, cyanoglobin, HbO, Glb3, and cytochromes, Hell's gate globin I, bacterial hemoglobins, 

ciliate myoglobins, flavohemoglobins, ribosomal proteins, actin, hexokinase, lactate dehydrogenase, 

fructose bisphosphate aldolase, phosphofructokinases, triose phosphate isomerases, phosphoglycerate 

kinases, phosphoglycerate mutases, enolases, pyruvate kinases, glyceraldehyde-3-phosphate 

dehydrogenases, pyruvate decarboxylases, actins, translation elongation factors, ribulose-1,5-

bisphosphate carboxylase oxygenase (rubisco ), ribulose-1,5-bisphosphate carboxylase oxygenase activase 

(rubisco activase), albumins, glycinins, conglycinins, globulins, vicilins, conalbumin, gliadin, glutelin, 

gluten, glutenin, hordein, prolamin, phaseolin (protein), proteinoplast, secalin, extensins, triticeae gluten, 

zein, any seed storage protein, oleosins, caloleosins, steroleosins or other oil body proteins, vegetative 

storage protein A, vegetative storage protein B, moong seed storage 8S globulin. . 

[00143] In some embodiments, said one or more isolated, purified proteins is an albumin protein, a seed 

storage protein, or pea globulin protein. 

[00144] In particular embodiments, said albumin protein is isolated pea albumin protein. 

[00145] In some embodiments, said seed storage protein is moong bean 8S protein. 

[00146] In some embodiments, said gelled emulsion comprises a protein solution comprising 1-3 isolated 

and purified proteins, wherein said solution accounts for 30-70% of the volume of said emulsion; a plant 

oil, wherein said plant oil accounts for 30-70% of the volume of said emulsion; and an isolated, purified 

cross-linking enzyme, wherein said cross-linking enzyme accounts for 0.5-5% of said emulsion by 

wt/volume; wherein said plant oil is emulsified in said protein solution, wherein said emulsion is formed 

into a gel by said cross-linking enzyme. 

[00147]In other embodiments said gelled emulsion comprises a protein solution comprising 1-3 isolated 

and purified proteins, wherein said solution accounts for 1-30% of the volume of said emulsion; a plant 

oil, wherein said plant oil accounts for 70-99% of the volume of said emulsion; and an isolated, purified 

cross-linking enzyme, wherein said cross-linking enzyme accounts for O. 5-5% of said emulsion by 
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wt/volume; wherein said plant oil is emulsified in said protein solution, wherein said emulsion is formed 

into a gel by said cross-linking enzyme. 

[00148] In some embodiments, the fat replica further comprises a cross-linking enzyme. 

[00149] In some embodiments, said cross-linking enzyme is transglutaminase. 

[00150] In some embodiments, one of said 1-3 isolated and purified proteins is moong bean 8S protein, 

pea albumin protein, or pea globulin protein. 

[00151] In particular embodiments, said plant oil is rice bran oil or canola oil. 

[00152] In some embodiments, the fat tissue replica contains no methylcellulose, no carrageenan, no 

caramel color, no konjac flour, no gum arabic, and no acacia gum 

[00153] In particular embodiments, the fat tissue replica additionally contains less than 1 % wheat gluten. 

[00154] In a more particular embodiment, said fat tissue replica contains no wheat gluten. 

[00155] In other particular embodiments, said fat tissue replica contains no soy protein isolate. 

[00156] In other particular embodiments, said fat tissue replica contains no soy protein concentrate. 

[00157] In other particular embodiments, said fat tissue replica contains no soy protein. 

[00158] In a more particular embodiment, said fat tissue replica contains less than 5% carbohydrates. 

[00159] In other particular embodiments, said fat tissue replica contains no tofu. 

[00160] In some embodiments, said fat tissue replica contains no tofu, and no wheat gluten. 

[00161] In some embodiments, said fat tissue replica contains no soy protein, and no wheat gluten. 

[00162] In some embodiments, said fat tissue replica contains no animal products and less than 5% 

carbohydrates. 

[00163] In some embodiments, said fat tissue replica contains less than 1 % cellulose. 

[00164] In some embodiments, said fat tissue replica contains less than 5% insoluble carbohydrates. 

[00165] In some embodiments, said fat tissue replica contains no soy protein, and less than 1 % cellulose. 

[00166] In some embodiments, said fat tissue replica contains no soy protein, and less than 5% insoluble 

carbohydrates. 

[00167] In some embodiments, said fat tissue replica contains no wheat gluten, and less than 1 % 

cellulose. 

[00168] In some embodiments, said fat tissue replica contains no wheat gluten, and less than 5% insoluble 

carbohydrates. 

[00169] ln another aspect, the invention provides a connective tissue replica, comprising a protein content 

comprising one or more isolated, purified proteins, wherein said protein content has been assembled into 

structures approximating the texture and visual appearance of connective tissue or skin. 

[00170] In some embodiments, said protein content is derived from non-animal source. 

[00171] In some embodiments, said non-animal source is a plant source. 

[00172] In some embodiments, said non-animal source is a genetically modified yeast or bacteria. 

[00173] In some embodiments, said one or more isolated proteins account for 50% or more of said protein 

content by weight. 

-11-

Case No.: IPR2023-00321 
U.S. Patent No. 10,689,656



 
Motif Exhibit 1040, Page 647 of 1537

WO 2013/010042 PCT/US2012/046560 

[00174] In some embodiments, said one isolated and purified protein accounts for 90% or more of said 

protein content by weight. 

[00175] In some embodiments, each of said one or more isolated proteins is isolated and purified 

separately. 

[00176] In some embodiments, said one or more isolated proteins are selected from the group consisting 

of hemoglobin, myoglobin, chlorocruorin, erythrocruorin, neuroglobin, cytoglobin, protoglobin, truncated 

2/2 globin, HbN, cyanoglobin, HbO, Glb3, and cytochromes, Hell's gate globin I, bacterial hemoglobins, 

ciliate myoglobins, flavohemoglobins, ribosomal proteins, actin, hexokinase, lactate dehydrogenase, 

fructose bisphosphate aldolase, phosphofructokinases, triose phosphate isomerases, phosphoglycerate 

kinases, phosphoglycerate mutases, enolases, pyruvate kinases, glyceraldehyde-3-phosphate 

dehydrogenases, pyruvate decarboxylases, actins, translation elongation factors, ribulose-1,5-

bisphosphate carboxylase oxygenase (rubisco ), ribulose-1,5-bisphosphate carboxylase oxygenase activase 

(rubisco activase), albumins, glycinins, conglycinins, globulins, vicilins, conalbumin, gliadin, glutelin, 

gluten, glutenin, hordein, prolamin, phaseolin (protein), proteinoplast, secalin, extensins, triticeae gluten, 

zein, any seed storage protein, oleosins, caloleosins, steroleosins or other oil body proteins, vegetative 

storage protein A, vegetative storage protein B, moong seed storage 8S globulin. 

[00177] In some embodiments, said one or more isolated and purified proteins is a prolamin family 

protein. 

[00178] In some embodiments, said one or more isolated and purified proteins is zein. 

[00179] In some embodiments, said protein content is suspended in a gel. 

[00180]In some embodiments, said gel comprises an isolated, purified cross-linking enzyme. 

[00181] In some embodiments, said isolated, purified cross-linking enzyme is selected from the group 

consisting of transglutaminase, lysyl oxidases, and amine oxidases. 

[00182] In some embodiments, said isolated, purified cross-linking enzyme is transglutaminase. 

[00183] In some embodiments, said protein content is formed into a fiber. 

[00184] In some embodiments, said fiber is produced by an extrusion process. 

[00185] In some embodiments, said fiber is stabilized by protein crosslinks. 

[00186] In some embodiments, fiber contains an isolated, purified cross-linking enzyme. 

[00187] In some embodiments, said isolated, purified cross-linking enzyme is selected from the group 

consisting of transglutaminase, lysyl oxidases, and amine oxidases. 

[00188] In some embodiments, said isolated, purified cross-linking enzyme is transglutaminase. 

[00189] In another aspect, the invention provides a meat substitute product, comprising a muscle replica; 

a fat tissue replica; and a connective tissue replica; wherein said muscle replica, fat tissue replica, and/or 

connective tissue replica are assembled in a manner that approximates the physical organization of meat. 

[00190] In some embodiments, the meat substitute product comprises two or more of said muscle replica, 

fat tissue replica, and connective tissue replica. 
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[00191] In some embodiments of the meat substitute product, said muscle replica accounts for 40-90% of 

said product by weight, said fat tissue replica accounts for 1-60% of said product by weight, and said 

connective tissue replica accounts for 1-30% of said product by weight. 

[00192] In some embodiments, the meat substitute product comprises 60-90% water; 5-30% protein 

content; and 1-20% of a fat or fat replica; wherein said protein content comprises one or more isolated, 

purified plant proteins. 

[00193] In some embodiments, said protein content is derived from non-animal source. 

[00194] In some embodiments, non-animal source is a plant source. 

[00195] In some embodiments, said non-animal source is a genetically modified yeast or bacteria. 

[00196] In some embodiments, 50% or more of said protein content by weight are one or more isolated 

purified proteins. 

[00197] In some embodiments, each of said one or more isolated proteins is isolated and purified 

separately from different plant species. 

[00198] In some embodiments, one or more of said isolated proteins is selected from the group consisting 

of: hemoglobin, myoglobin, chlorocruorin, erythrocruorin, neuroglobin, cytoglobin, protoglobin, 

truncated 2/2 globin, HbN, cyanoglobin, HbO, Glb3, and cytochromes, Hell's gate globin I, bacterial 

hemoglobins, ciliate myoglobins, flavohemoglobins, ribosomal proteins, actin, hexokinase, lactate 

dehydrogenase, fructose bisphosphate aldolase, phosphofructokinases, triose phosphate isomerases, 

phosphoglycerate kinases, phosphoglycerate mutases, enolases, pyruvate kinases, glyceraldehyde-3-

phosphate dehydrogenases, pyruvate decarboxylases, actins, translation elongation factors, ribulose-1,5-

bisphosphate carboxylase oxygenase (rubisco ), ribulose-1,5-bisphosphate carboxylase oxygenase activase 

(rubisco activase), albumins, glycinins, conglycinins, globulins, vicilins, conalbumin, gliadin, glutelin, 

gluten, glutenin, hordein, prolamin, phaseolin (protein), proteinoplast, secalin, extensins, triticeae gluten, 

zein, any seed storage protein, oleosins, caloleosins, steroleosins or other oil body proteins, vegetative 

storage protein A, vegetative storage protein B, moong seed storage 8S globulin. . 

[00199] In some embodiments, the meat substitute product further comprises one or more isolated and 

purified iron-containing proteins. 

[00200] In some embodiments, said one or more isolated and purified iron-containing proteins is selected 

from the group consisting of hemoglobin, myoglobin, leghemoglobin, non-symbiotic hemoglobin, 

chlorocruorin, erythrocruorin, neuroglobin, cytoglobin, protoglobin, truncated 2/2 globin, HbN, 

cyanoglobin, HbO, Glb3, and Hell's gate globin I, bacterial hemoglobins, ciliate myoglobins, 

flavohemoglobins,. In some embodiments, said iron-containing protein comprises an amino acid sequence 

with at least 70% homology to SEQ ID NO 1. [SEQ ID NO 1: 

MV AFTEKQDAL VSSSFEAFKANIPQYSVVFYTSILEKAP AAKDLFSFLANGVDPTNPKL TGHAEK 

LF AL VRDSAGQLKASGTVV ADAALGSVHAQKA VTDPQFVVVKEALLKTIKAA VGDKWSDELS 

RA WEVA YDELAAAIKKA] 

[00201] In some embodiments, the meat substitute product contains no methylcellulose, no carrageenan, 

no caramel color, no konjac flour, no gum arabic, and no acacia gum. 
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[00202] In particular embodiments, the meat substitute product additionally contains less than 1 % wheat 

gluten. 

[00203] In a more particular embodiment, said meat substitute product contains no wheat gluten. 

[00204] In other particular embodiments, said meat substitute product contains no soy protein isolate. 

[00205] In other particular embodiments, said meat substitute product contains no soy protein concentrate. 

[00206] In other particular embodiments, said meat substitute product contains no soy protein. 

[00207] In a more particular embodiment, said meat substitute product contains less than 5% 

carbohydrates. 

[00208] In other particular embodiments, said meat substitute product contains no tofu. 

[00209] In some embodiments, said meat substitute product contains no tofu, and no wheat gluten. 

[00210] In some embodiments, said meat substitute product contains no soy protein, and no wheat gluten. 

[0021l]In some embodiments, said meat substitute product contains no animal products and less than 5% 

carbohydrates. 

[00212] In some embodiments, said meat substitute product contains less than 1 % cellulose. 

[00213] In some embodiments, said meat substitute product contains less than 5% insoluble 

carbohydrates. 

[00214] In some embodiments, said meat substitute product contains no soy protein, and less than 1 % 

cellulose. 

[00215] In some embodiments, said meat substitute product contains no soy protein, and less than 5% 

insoluble carbohydrates. 

[00216] In some embodiments, said meat substitute product contains no wheat gluten, and less than 1 % 

cellulose. 

[00217] In some embodiments, said meat substitute product contains no wheat gluten, and less than 5% 

insoluble carbohydrates. 

[00218] In another aspect, the invention provides a food product comprising one or more isolated, purified 

iron-containing proteins, wherein said food product is configured for consumption by an animal. 

[00219] In some embodiments, said one or more isolated, purified iron-containing proteins is derived 

from a non-animal source. 

[00220] In some embodiments, said non-animal source is a plant source. 

[00221] ln some embodiments, said plant source comprises one or more plants of the legume family. 

[00222] In some embodiments, said one or more plants of the legume family is a soy or pea plant. 

[00223] In some embodiments, said non-animal source is a genetically modified yeast or bacteria. 

[00224] In some embodiments, said iron-containing protein is selected from the group consisting of 

hemoglobin, myoglobin, leghemoglobin, non-symbiotic hemoglobin, chlorocruorin, erythrocruorin, 

neuroglobin, cytoglobin, protoglobin, truncated 2/2 globin, HbN, cyanoglobin, HbO, Glb3, and 

cytochromes, Hell's gate globin I, bacterial hemoglobins, ciliate myoglobins, flavohemoglobins. 

[00225] In one embodiment, said iron-containing protein comprises an amino acid sequence with at least 

70% homology to SEQ ID NO 1. [SEQ ID NO 1: 
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MV AFTEKQDAL VSSSFEAFKANIPQYSVVFYTSILEKAP AAKDLFSFLANGVDPTNPKL TGHAEK 

LF AL VRDSAGQLKASGTVV ADAALGSVHAQKA VTDPQFVVVKEALLKTIKAA VGDKWSDELS 

RA WEVA YDELAAAIKKA] 

[00226] In some embodiments, the food product contains no methylcellulose, no carrageenan, no caramel 

color, no konjac flour, no gum arabic, and no acacia gum 

[00227] In particular embodiments, the food product additionally contains less than 1 % wheat gluten. 

[00228] In a more particular embodiment, said food product contains no wheat gluten. 

[00229] In other particular embodiments, said food product contains no soy protein isolate. 

[00230] In other particular embodiments, said food product contains no soy protein concentrate. 

[00231] In other particular embodiments, said food product contains no soy protein. 

[00232] In a more particular embodiment, said food product contains less than 5% carbohydrates. 

[00233] In other particular embodiments, said food product contains no tofu. 

[00234] In some embodiments, said food product contains no tofu, and no wheat gluten. 

[00235] In some embodiments, said food product contains no soy protein, and no wheat gluten. 

[00236] In some embodiments, said food product contains no animal products and less than 5% 

carbohydrates. 

[00237] In some embodiments, said food product contains less than 1 % cellulose. 

[00238] In some embodiments, said food product contains less than 5% insoluble carbohydrates. 

[00239] In some embodiments, said food product contains no soy protein, and less than 1 % cellulose. 

[00240] In some embodiments, said food product contains no soy protein, and less than 5% insoluble 

carbohydrates. 

[00241] In some embodiments, said food product contains no wheat gluten, and less than 1 % cellulose. 

[00242] In some embodiments, said food product contains no wheat gluten, and less than 5% insoluble 

carbohydrates. 

[00243] In another aspect, the invention provides a method of making a meat substitute composition, 

comprising isolating and purifying one or more proteins; and assembling said one or more proteins into a 

physical organization that approximates the physical organization of meat. 

[00244]In another aspect, the invention provides a method of making a muscle tissue replica, comprising 

isolating and purifying one or more proteins; and assembling said one or more proteins into a physical 

organization that approximates the physical organization of skeletal muscle. 

[00245] In another aspect, the invention provides a method of making a fat tissue replica, comprising 

isolating and purifying one or more proteins; preparing a solution comprising one or more proteins; 

emulsifying one or more fats in said solution; and stabilizing said solution into a gelled emulsification 

with one or more cross-linking reagents. 

[00246] In another aspect, the invention provides a method of making a connective tissue replica, 

comprising isolating and purifying one or more proteins; and precipitating said one or more proteins, 

wherein said precipitating results in said one or more proteins forming physical structures approximating 

the physical organization of connective tissue. 
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[00247] In some embodiments, said precipitating comprises solubilizing said one or more proteins in a 

first solution; and extruding said first solution into a second solution, wherein said one or more proteins is 

insoluble in said second solution, wherein said extruding induces precipitation of said one or more 

proteins. 

[00248] In another aspect, the invention provides a food product comprising one or more isolated, purified 

iron-containing proteins, wherein said food product is configured for consumption by an animal. 

[00249] In another aspect, the invention provides a food product comprising one or more isolated, purified 

iron-containing proteins, wherein said food product is configured for consumption by humans. 

[00250] In another aspect, the invention provides a food product comprising one or more isolated, purified 

iron-containing proteins, wherein said food product is configured for consumption by an animal. In 

another aspect, the invention provides a food product comprising one or more isolated, purified iron­

containing proteins, wherein said food product is configured for consumption by humans. 

[00251] All publications and patent applications mentioned in this specification are herein incorporated by 

reference to the same extent as if each individual publication or patent application was specifically and 

individually indicated to be incorporated by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00252] The patent or application file contains at least one drawing executed in color. Copies of this 

patent or patent application publication with color drawing(s) will be provided by the Office upon request 

and payment of the necessary fee. 

[00253] The novel features of the invention are set forth with particularity in the appended claims. A 

better understanding of the features and advantages of the present invention will be obtained by reference 

to the following detailed description that sets forth illustrative embodiments, in which the principles of 

the invention are utilized, and the accompanying drawings of which: 

[00254] Figure 1 depicts a comparison of aligned GCMS profiles (in mirrored orientations) of otherwise 

identical muscle-replica samples cooked in the presence ofleghemoglobin (LHb, Right side profile) or 

Ferric ion (Left side profile). In this illustration, the vertical axis represents retention time in the gas 

chromatography separation step, and the horizontal axis represents m/z ratios of ions produced by 

fragmentation of the corresponding separated volatile compounds. Selected compounds differentially 

represented in the two samples are labeled on the Right of the figure. 

[00255] Figure 2 depicts a portion of the root of a pea plant (Pisum sativum) with the root nodules sliced 

open to demonstrate the red color conferred by leghemoglobin contained therein. The sliced open rood 

nodule appears red. 

[00256] Figure 3 depicts leghemoglobin isolated from 1 oz of pea roots. The red color commonly 

attributed to meat is evident in the color photo. 

[00257] Figure 4 shows that leghemoglobins from different species are homo logs and have similar color 

properties. In Figure 4, panel A shows an SDS_PAGE gels of lysed root-nodules of three legume plant 

species (1) Fava bean (2) English Pea (3) Soybean. Arrows mark respective leghemoglobins. Panel B 
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shows the similarity of UV-VIS spectral profile of leghemoglobins from two different plant species 

(Favabean and Soybean). 

[00258] Figure 5 shows a comparison of reduced (heme iron 2+) and oxidized (heme iron 3+) soybean 

leghemoglobin (Figure 5 panel A) and equine heart muscle myoglobin (Figure 5 panel B) showing 

similarity of UV-VIS absorption profiles of two proteins. We purified soybean leghemoglobin from 

soybean root-nodules using here described protocol. Purified equine myoglobin was purchased from 

SigmaAldrich. Soybean leghemoglobin (Figure 5 panel A) and equine myoglobin (Figure 5 panel B) 

were reduced with 1 mm sodium hydrosulfite. Shown are UV-VIS absorption spectra of heme Fe3+ (blue 

line - the higher peak in figures 5 and 6) and heme Fe2+ (red line) of soybean leghemoglobin (Figure 5 

panel A) and equine myoglobin (Figure 5 panel B). Insets show a zoom-in of UV-VIS spectra in 450nm 

to 700mn region. (Figure 5 panel C) Images of 1 0ul liquid droplet of a 40 mg/ml solution of soybean 

leghemoglobin in the heme-Fe3+ state (left droplet) showing characteristic rusty red color and a 40mg!ml 

solution of soybean leghemoglobin solution in the heme-Fe2+ state (right droplet) showing characteristic 

red color of and (right image) corresponding samples of equine myoglobin. 

[00259] Figure 6 depicts examples of successful reduction of leghemoglobin heme iron with sodium 

hydrosulfite and titanium citrate. In Figure 6 the UV-VIS spectrogram of purified soybean 

leghemoglobin in which the heme iron is in the oxidized ( + 3) state is represented by the blue curves in 

each panel (the blue curves have the higher peaks on the main graphs). The red curves in each panel 

represent the UV-VIS spectra of the same leghemoglobin species after reduction to the (+2) state (red 

lines) by addition of (Panel A) lmM sodium hydrosulfite or (Panel B) 0.24 % (wt/v) titanium citrate in 

20mM potassium phosphate pH 7.3, lO0mM sodium chloride buffer. The Insets show a zoom-in of UV­

VIS spectra in 450 -700 nm region. For this example, leghemoglobin was purified from soybean root 

nodules using 60/90% ammonium sulfate fractionation and exchanged into 20mM potassium phosphate 

pH 7.4, lO0mM sodium chloride buffer. Sodium hydrosulfite stock solution was prepared by dissolving 

1 00mM sodium hydrosulfite inl mM sodium hydroxide in water. Titanium citrate stock solution was 

prepared from 20 % (wt/v) Ti-chloride in hydrochloric acid by mixing it with 0.2M sodium citrate (1: 10 

v/v). pH was adjusted using sodium carbonate to pH 7.0. 

[00260]Figure 7 depicts an example of the leghemoglobin purification flow from soybean root nodules. 

The figure shows SDS-PAGE fractionation of different soybean leghemoglobin purification steps (Lane 

1) Soybean root-nodule lysate; (Lane 2) Soybean root-nodule lysate purified by 60/90 % (wt/v) 

ammonium sulfate fractionation. Shown is the protein content of 90% ammonium sulfate fractionated 

protein pellet resuspended in 20mm potassium phosphate pH 7.4, 1 00mM sodium chloride, 1 mM EDTA 

buff er; Proteins from 90% ammonium sulfate pellet were further purified by anion-exchange 

chromatography (FFQ GE Healthcare) in 20mM potassium phosphate ph 7.4, lO0mM sodium chloride. 

Leghemoglobin collected in the flowthrough is shown in Lane 3. Anion-exchange flowthrough was 

fractionated using size-exclusion chromatography (Sephacryl S-100 GE Healthcare) and resulting 

leghemoglobin fraction is shown in Lane 4. Leghemoglobin content at different purification steps was 

determined by determining the fraction of leghemoglobin band on SDS-P AGE gel in a respective sample 
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using ImageDoc analysis software (BioRad). Purity (partial abundance) of leghemoglobin at respective 

steps in the purification steps was: lysate: 32.7% (lane 1), 60/90 % (wt/v) ammonium sulfate fractionation 

78% (lane 2), anion-exchange chromatography - 83% (lane 3), and size-exclusion chromatography to -

95% (lane 4 ). 

[0026l]Figure 8 shows stained SDS-PAGE gel analysis of (A) soybean leghemoglobin expressed and 

purified using recombinant protein technology and (B) soybean leghemoglobin purified from soybean 

root nodules. (A) Recombinant Soybean leghemoglobin A carrying His-tag and TEV protease His-tag 

removal site was expressed in E.coli BL21 strain and purified using His-tag affinity chromatography 

(Talon resin, CloneTech). The left lane contains molecular weight standards, the right lane contains 

purified recombinant soybean leghemoglobin A (arrow). Expected molecular weight of the recombinant 

soybean leghemoglobin A is 17. llilla. (B) SDS-PAGE gel of purified Soybean leghemoglobin from root 

nodules. The left lane contains molecular weight standards, the right lane contains purified soybean 

leghemoglobin A ( arrow). Mass spectrometry analysis of purified material determined that all four 

soybean leghemoglobin isoforms are present, and are full length ( data not shown). Expected molecular 

weights (MW) of soybean leghemoglobin isofonns range from MW15.4 to 15.8kDa. 

[00262] Figure 9 shows an example of 6 cubes of a commercial meat analog (Quorn chicken analog), 

about 1cm on a side, 4 of which (Left and lower right) have been soaked in a solution of about 10 mg/ml 

soybean leghemoglobin in 20 mM Potassium phosphate pH 7.4 and 100 mM NaCl; the remaining two 

(Upper right) were soaked in the same buffer without leghemoglobin. A deep pink color of the 

leghemoglobin-infused cubes is apparent in color photos contrasting the pale tan color of the un-infused 

cubes. 

[00263] Figure 10 shows the 4 leghemoglobin-infused cubes of Quorn chicken analog in the process of 

cooking in a pan at 350°C. The two lower cubes have been turned over to expose the grilled surface, 

which has turned brown. In the upper two cubes that the heated portion has turned grey-brown, while the 

cooler top surface retains its pink color. In some embodiments the consumable is injected with a heme 

containing solution, for instance a leghemoglobin solution, until the consumable is the color of uncooked 

meat. 

[00264]Figure 11 depicts 43 ml ofmoong bean protein solution (150 mg/ml in dialysis buffer) were 

mixed with 37 ml ofleghemoglobin solution (46.5 mg/ml leghemoglobin and 20mg/ml of other soybean 

root nodule protein) in 20 mM potassium phosphate, 100 mM NaCl, pH 7.3). 20 ml oftransglutaminase 

solution (20% w/w) were added, solutions thoroughly mixed, divided into two 50 ml Falcon tubes and 

incubated overnight at room temperature. Final protein concentrations were 65 mg/ml for moong bean 

protein, 18 mg/ml of leghemoglobin, 91 mg/ml total protein. 

[00265] Figure 12 depicts "White" muscle analog prepared by mixing 43ml moong bean protein solution 

(150mg/ml) with 45ml of 11.7 mg/ml solution ofleghemoglobin and 0.8 % (wt/v) oftransglutaminase 

solution. Final protein concentrations were 63 mg/ml for moong bean protein, 5.2 mg/ml of 

leghemoglobin, 68 mg/ml total protein. 
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[ 00266] Figure 13 depicts a fat tissue analog based on moong beans and prepared in eppendorf tubes 

formed an opaque gel of off-white color, smooth unifonn texture, with no visible discernible liquid that 

was not incorporated into the gel. The gel was freely standing, elastic and springy. The gel has a slight, 

pleasant aroma and a mild and pleasant flavor. The taste is mildly salty. 

[00267] Figure 14 depicts at tissue analog based on pea globulin and prepared in eppendorf tubes very 

similar to moong bean-based fat analog, except that it gave up a little of oil upon compression. 

[00268] Figure 15 shows connective-tissue analog strands that were created using a 1 :3 ratio in 70% 

ethanol, loaded into a syringe with a 23 gauge needle (ID 0.337 mm). The solution was slowly extruded 

from the bottom of a 5 inch-high vessel into an excess of 5 M NaCl solution. The ethanol-zein solution 

being less dense than the NaCl solution, floated upward, drawing out a fibrous stand of solidifying zein. 

The NaCl was constantly stirred as the strands began to develop to assist in the strand lengthening. The 

strands bunch together and become a hard, dense mass. 

[00269] Figure 16 depicts a ground beef prototype patty was made by combining 62% (wt/wt) muscle 

analog ( 62% (wt/wt) "dark muscle analog" and 38% (wt/wt) "white muscle analog"), 29% (wt/wt) fat 

tissue analog (from pea globulin and canola oil), 5% (wt/wt) connective tissue analog (Figure 16 panel 

A). A ground beef prototype patty was made by combining 62% muscle analog ( 62% "dark muscle 

analog" and 38% "white muscle analog), 29% fat tissue analog (from moong bean seed 8S protein and 

rice bran oil), 5% connective tissue analog (Figure 16 panel B). A ground beef prototype patty was made 

by combining 71 % (wt/wt) muscle tissue analog (composed of 60% "white" muscle analog, 40 % "dark" 

muscle analog), 23% fat tissue (from pea seed globulin proteins and canola oil) (Figure 16 panel C ). A 

ground beef prototype patty was made by combining 6 7% "White" muscle analog, with 28% fat tissue 

analog (from pea globulins and rice bran oil), (Figure 16, panel D) 

[00270] Figure 17 depicts a ground beef patty analog was made by combining 62% (wt/wt) muscle tissue 

analog (62% (wt/wt) "dark muscle analog" and 38% (wt/wt) "muscle analog"), 29% (wt/wt) fat tissue 

analog (from pea globulin and canola oil), 5% (wt/wt) connective tissue analog. The panel on the left 

shows the patty before cooking and the panel on the right shows the same patty after cooking for about 2 

minutes. Observers described the aroma of the cooking ground beef replica as distinctly "beefy". 

DETAILED DESCRIPTION OF THE INVENTION 

[00271] Methods and compositions for the production of consumables are described herein. The 

consumables can be for animal consumption. For example the consumable can be food fit for human 

consumption. The consumable can be approved by suitable regulatory authorities. The consumables can 

be sold in grocery stores or prepared in restaurants, schools, hospitals, military facilities, prisons, shelters, 

long-term care facilities, similar to already existing human foods. The consumables could also be food 

for domestic animals. For instance, dog food could be produced according to the present inventions. The 

consumables may also be food for wild animals. For instance, the consumables could be provided to non­

domesticated predatory animals. 

[00272] The consumables of the present invention can compete with, supplement or replace animal based 

foods. For instance the consumables can be meat replicas made entirely from plant sources. The 
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consumables can be made to mimic the cut or appearance of meat as it is cuITently sold. For instance a 

consumable may be visually similar to or indistinguishable from ground beef or a particular cut of beef. 

Alternatively, the consumables can be made with a unique look or appearance. For instance the 

consumable could contain patterns or lettering that is based upon the structure of the consumable. In 

some instances the consumables look like traditional meat products after they are prepared. For example 

a consumable may be produced which is larger than a traditional cut of beef but which, after the 

consumable is sliced and cooked appears the same as a traditional cooked meet. In some embodiments 

the consumable may resemble a traditional meat shape in two dimensions, but not in a third. For example 

the consumable may resemble a cut of meat in two dimensions (for example when viewed from the top), 

but may be much longer (or thinker) than the traditional cut. So in some embodiments a composition that 

can be cut repeatedly into traditionally meat shaped products is provided. 

[00273] The consumable may be made entirely from plant based sources. In some instances the 

consumable can be made from organic sources. The consumables may also be made from a combination 

of plant based sources and animal based sources. For instance, the consumable may be a ground beef 

product supplemented with plant based products of the invention. 

[00274]The consumables can be made from local products. For instance the consumables can be made 

from plants grown within a certain radius of the eventual consumer. That radius could be 1, 10, 100, or 

1000 miles for example. So, in some embodiments, the invention provides a method for producing a 

meat replica which does not contain products which have been shipped over 1, 10, 100, or 1000 miles 

prior to producing the meat replica. 

[00275] The present invention provides methods for producing consistent properties from the 

consumables when they are produced from various sources. So, for example, a plant based meat replica 

produced from local plants in Iowa, USA, will have substantially similar taste, odor, and texture as a plant 

based meat replica produced from local plants in LoITaine, France. This consistency allows for methods 

for advertising locally grown foods with consistent properties. The consistency can arise from the 

concentration or purification of similar components at different locations. These components can be 

combined in predetermined ratios to insure consistency. In some embodiments a high degree of 

characteristic consistency is possible using components (e.g. isolated or concentrated proteins and fats) 

which come from the same plant species. In some embodiments a high degree of characteristic 

consistency is possible using components (e.g. isolated or concentrated proteins and fats) which come 

from the different plant species. In some embodiments the same proteins can be isolated from different 

plant species. In some embodiments the invention provides for a method comprising isolating similar 

plant constituents from plant sources in different locations, assembling in both locations compositions 

provided herein, and selling the compositions, wherein the compositions assembled and sold at different 

the geographic locations have consistent physical and chemical properties. In some embodiments the 

isolated constituents are from different plant populations in different locations. In some embodiments one 

or more of the isolated constituents are shipped to the separate geographic locations. 
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[00276] The consumables may require fewer resources to produce than consumables produced from 

domesticated animals. Accordingly, the present invention provides for meat replicates which require less 

water or energy to produce than meat. For example a consumable can require less than about 10, 50, 100, 

200, 300, 500, or 1000 gallons of water per pound of consumable. For comparison beef can require over 

2000 gallons of water per pound of meat. 

[00277] The consumable may require less land are to produce than a meat product with similar protein 

content. For example the consumable may require 30% or less of the land area required to produce a 

meat product with similar protein content. 

[00278] The consumable may have health benefits compared to an animal product it replaces in the diet. 

For example it may have less cholesterol or lower levels of satmated fats than comparable meat products. 

[00279] The consumable may have animal welfare benefits compared to an animal product it replaces in 

the diet. For instance it may be produced without requiring confinement, forced feeding, premature 

weaning, disruption of maternal-offspring interactions, or slaughter of animals for their meat. 

[00280] The consumable may have a smaller "carbon footprint" than the meat products they replace. For 

example the consumable may result in net greenhouse gas emissions of 1 %, 5%, 10%, 25%, 50% or 75% 

of the greenhouse gas emissions attributable to the animal product it replaces. 

[00281] The consumable may provide alternatives to animal products or combinations of animal products 

whose consumption is forbidden by religious beliefs. For example, the consumable may be a kosher pork 

chop. 

[00282] The consumable can also be shipped in components and produced or assembled at a different 

location. When available local components can be used for production of the consumable. These can be 

supplemented with components which are not locally available. This allows for methods of producing 

consumables, for instance meat replicates, using less energy in shipment than is required for meat. For 

example, local water can be used in combination with a kit which provides other components of the 

consumable. Using local water will reduce shipping weight thereby reducing cost and environmental 

impact. 

[00283] The consumables can be produced or assembled wholly or in part in areas where animal farming 

is not practical or is not allowed. The consumable can be produced or assembled within an urban 

environment. For example a kit may be provided to a user to enable the user to produce the consumable. 

The user could use local water or use plants from a rooftop garden, for instance in Shanghai. ln another 

example, the consumables could be produced aboard a space craft, space station, or lunar base. 

Accordingly, the present invention provides methods and systems for the production of meat replicas for 

use in space travel or for training for the same. For instance the present invention could be used in earth 

based training for space travel. The consumables could also be produced on an island or upon a manmade 

platform at sea where the keeping of livestock is difficult or prohibited. 

[00284] The consumables are, in some embodiments, designed to replicate the experience of eating meat. 

The look, texture, and taste of the consumable can be such that it is similar or indistinguishable from 
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meat. The invention therefore provides in certain embodiments methods for determining whether an 

animal or human can distinguish the consumable from meat. 

[00285] One method to determine whether the consumable is comparable to meat is to a) define the 

properties of meat and b) determine whether the consumable has similar properties. Properties of meat 

that can be tested include mechanical properties such as hardness, cohesiveness, brittleness, chewiness, 

gumminess, viscosity, elasticity, and adhesiveness. Prope1iies of meat that can be tested also include 

geometric properties such as particle size and shape, and particle shape and orientation. Additional 

properties can include moisture content and fat content. These properties can be described using terms 

such as "soft," "firm" or "hard" describe hardness; "crulllbly," "crunchy," "brittle," "che\'-'Y," "tender," 

"tough," "short," "mealy," "pasty," or "gummy," to describe cohesiveness; "thin" or "viscous" to 

describe viscosity; "plastic" or "elastic" to describe elasticity; "sticky," "tacky" or "gooey" to describe 

adhesiveness; "gritty," "grainy" or "course" to describe particle shape and size; "fibrous," "cellular" or 

"crystalline" to describe particle shape and orientation, "dry," "moist," "wet," or "watery" to describe 

moisture content; or "oily" or "greasy" to describe fat content. So, in one embodiment a group of people 

can be asked to rate a ce1iain meat, for instance ground beef, according to properties which describe the 

meat. These ratings can be used as an indication of the properties of the meat. The consumables of the 

present invention can then be compared to the meat to determine how similar the consumable is to the 

meat. In some instances the properties of the consumables are then altered to make the consumable more 

similar to the meat. So, in some embodiments, the consumable is rated similar to meat according to 

human evaluation. In some elllbodiments the consumable is indistinguishable from real meat to a human. 

[00286] In some embodiments, subjects asked to identify the consumable identify it as a form of meat. In 

some embodiments one property of the compositions of the invention is that an animal, for example a 

human, will identify the composition as a meat. In some embodiments the human identifies the 

composition of the invention as having properties equivalent to meat. In some embodiments one or more 

properties of meat are equivalent according to a human's perception. Such properties include the 

properties that can be tested. In some embodiments a human identifies a consumable of the present 

invention as more meat like than meat substitutes found in the art. 

[00287] In embodiments an experiment can demonstrate that consumable s acceptable to consumers. A 

panel can be used to screen a variety of consumables described herein. A number of human panelists can 

tested multiple consumable samples, namely, natural meats vs. the consumable compositions described 

herein. Variables such as fat content can be standardized for example to 20% fat using lean and fat meat 

mixes. Fat content can be determined using the Babcock for meat method (S. S. Nielson, Introduction to 

the Chemical Analysis of Foods (Jones & Bartlett Publishers, Boston, 1994)). Mixtures of ground beef 

and consumables of the invention prepared according to the procedure described herein can be 

formulated. 

[00288] Panelists can be served samples in booths, under red lights or under white light, in an open 

consumer panel. Samples can be assigned random three-digit numbers and rotated in ballot position to 

prevent bias. Panelists can be asked to evaluate samples for tenderness, juiciness, texture, flavor, and 

-22-

Case No.: IPR2023-00321 
U.S. Patent No. 10,689,656



 
Motif Exhibit 1040, Page 658 of 1537

WO 2013/010042 PCT/US2012/046560 

overall acceptability using a hedonic scale from 1 =dislike extremely, to 9=like extremely, with a median 

of 5=neither like nor, dislike. Panelists can be encouraged to rinse their mouths with water between 

samples, and given opportunity to comment on each sample. 

[00289] The results of this experiment can indicate significant differences (p<0.05) or similarities between 

the traditional meats and the compositions of the invention. 

[00290] These results will demonstrate that the compositions of the invention are judged as acceptably 

equivalent to real meat products. Additionally these results can demonstrate that compositions of the 

invention are preferred by panelist over other commercially available meat substitutes. So, in some 

embodiments the present invention provides for consumables that are significantly similar to traditional 

meats. 

[00291] Consumables of the invention can also have similar physical characteristics as traditional meat. 

In one embodiment the force required to pierce a 1 inch thick structure ( e.g. a patty) made of a 

consumable of the invention with a fixed diameter steel rod is not significantly different than the force 

required to pierce a 1 inch thick similar meat structure ( e.g. a ground beef patty) with a similar fixed 

diameter steel rod. Accordingly, the invention provides for consumables with similar physical strength 

characteristics to meat. 

[00292]In some embodiments composition of the invention have a similar cook loss characteristic as 

meat. In one embodiment a consumable of the invention with a similar fat and protein content as ground 

beef has the same reduction in size when cooked as real ground beef. Similar similarities in size loss 

profiles can be achieved for various compositions of consumables described herein matched to various 

meats. 

[00293] In some embodiments the consumable is compared to real meat based upon olfactometer 

readings. In various embodiments the olfactometer can be used to assess odor concentration and odor 

thresholds, odor suprathresholds with comparison to a reference gas, hedonic scale scores to determine 

the degree of appreciation, or relative intensity of odors. In some embodiments the olfactometer allows 

the training and automatic evaluation of expert panels. So in some embodiments the consumable is a 

product that causes similar or identical olfactometer readings. In some embodiments the similarity is 

sufficient to be beyond the detection threshold of human perception. 

[00294] Gas chromatography-mass spectrometry (GCMS) is a method that combines the features of gas­

liquid chromatography and mass spectrometry to separate and identify different substances within a test 

sample. GCMS can, in some embodiments, be used to evaluate the properties of a consumable. For 

example volatile chemicals can be isolated from the head space around meat. These chemicals can be 

identified using GCMS. A profile of the volatile chemicals in the headspace around meat is thereby 

created. In some instances each peak of the GCMS can be further evaluated. For instance, a human 

could rate the experience of smelling the chemical responsible for a certain peak. This information could 

be used to further refine the profile. GCMS could then be used to evaluate the properties of the 

consumable. The GCMS profile could be used to refine the consumable. 

-23-

Case No.: IPR2023-00321 
U.S. Patent No. 10,689,656



 
Motif Exhibit 1040, Page 659 of 1537

WO 2013/010042 PCT/US2012/046560 

[00295] Characteristic flavor and fragrance components are mostly produced during the cooking process 

by chemical reactions molecules including amino acids, fats and sugars which are found in plants as well 

as meat. Therefore in some embodiments the consumable is tested for similarity to meat during or after 

cooking. In some embodiments human ratings, human evaluation, olfactometer readings, or GCMS 

measurements, or combinations thereof, are used to create an olfactory map of cooked meat. Similarly, 

an olfactory map of the consumable, for instance a meat replica, can be created. These maps can be 

compared to assess how similar the cooked consumable it so meat. In some embodiments the olfactory 

map of the consumable during or after cooking is similar to or indistinguishable from that of cooked or 

cooking meat. In some embodiments the similarity is sufficient to be beyond the detection threshold of 

human perception. 

[00296] In one aspect, the invention provides a meat substitute product ( alternatively referred to herein as 

"consumable") that is substantially or entirely composed of ingredients derived from non-animal sources, 

yet recapitulates key features associated with the cooking and consumption of an equivalent meat product 

derived from animals. The equivalent meat product can be a white meat or a dark meat. The equivalent 

meat product can be derived from any animal. Non-limiting examples of animals used to derive the 

equivalent meat product include farmed animals such as, e.g., cattle, sheep, pig, chicken, turkey, goose, 

duck, horse, dog or game animals (whether wild or farmed) such as, e.g., rabbit, deer, bison, buffalo, 

boar, snake, pheasant, quail, bear, elk, antelope, pigeon, dove, grouse, fox, wild pig, goat, kangaroo, emu, 

alligator, crocodile, turtle, groundhog, marmot, possum, partridge, squinel, raccoon, whale, seal, ostrich, 

capybara, nutria, guinea pig, rat, mice, vole, any variety of insect or other arthropod, seafood such as, e.g, 

fish, crab, lobster, oyster, muscle, scallop, abalone, squid, octopus, sea urchin, tunicate and others. Many 

meat products are typically derived from skeletal muscle of an animal but it is understood that meat can 

also come from other muscles or organs of the animal. In some embodiments, the equivalent meat 

product is a cut of meat derived from skeletal muscle. In other embodiments, the equivalent meat product 

is an organ such as, e.g., a kidney, heart, liver, gallbladder, intestine, stomach, bone marrow, brain, 

thymus, lung, tongue. Accordingly, in some embodiments the compositions of the present invention are 

consumables similar to skeletal muscle or organs. 

[00297] In some aspects, the present invention provides meat substitute products comprising one or more 

of a first composition comprising a muscle tissue replica, a second composition comprising an adipose 

tissue replica, and/or a third composition comprising a connective tissue replica, wherein the one or more 

compositions are combined in a manner that recapitulates the physical organization of meat. In other 

aspects, the present invention provides compositions for a muscle tissue replica (herein referred to as 

"muscle replica"), an adipose tissue replica (herein refened to as "fat replica"), and a connective tissue 

replica (herein referred to as "connective tissue replica"). In some embodiments, the compositions and 

meat substitute products are principally or entirely composed of ingredients derived from non-animal 

sources. In alternative embodiments, the muscle, fat, and/or connective tissue replica, or the meat 

substitute products comprising one or more of said replicas, are paiiially derived from animal sources but 

supplemented with ingredients derived from non-animal sources. In yet other alternative embodiments, 
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the invention provides meat products substantially derived from animal sources but which are 

supplemented with one or more of a muscle tissue replica, a fat replica, and/or a connective tissue replica, 

wherein said replicas are derived substantially or entirely from non-animal sources. A non-limiting 

example of such a meat product is an ultra-lean ground beef product supplemented with a non-animal 

derived fat replica which improves texture and mouthfeel while preserving the health benefits of a 

consumable low in animal fat. Such alternative embodiments result in products with properties that more 

closely recapitulate key features associated with preparing and consuming meat but which are less costly 

and associated with a lesser environmental impact, less animal welfare impact, or improved health 

benefits for the consumer. 

[00298]The physical organization of the meat substitute product can be manipulated by controlling the 

localization, organization, assembly, or orientation of the muscle, fat, and/or connective tissue replicas 

described herein. In some embodiments the product is designed in such a way that the replicas described 

herein are associated with one another as in meat. In some embodiments the consumable is designed so 

that after cooking the replicas described herein are associated with one another as in cooked meat. In 

some embodiments, one or more of the muscle, fat, and/or connective tissue replicas are combined in a 

manner that recapitulate the physical organization of different cuts or preparations of meat. In an 

example embodiment, the replicas are combined in a manner that approximates the physical organization 

of natural ground meat. In other embodiments, the replicas are combined in a manner that approximates 

different cuts of beef, such as, e.g., ribeye, filet mignon, London broil, among others. 

PROTEINS AND PROTEIN SOURCES 

[00299] In some embodiments, any of the meat substitute products, muscle tissue replica, fat replica, or 

connective tissue replica, comprise one or more isolated, purified proteins. In some embodiments, the 

meat substitute products are comprised of one or more of a muscle replica, a fat replica, and/or connective 

tissue replica which comprise one or more isolated, purified proteins. In other embodiments, the muscle 

replica, fat replica, and/or connective tissue replica comprises one or more isolated, purified proteins. In 

some embodiments, about 0.1%,, 0.2%, 0.5%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 

25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 99% or more of 

the protein component is comprised of one or more isolated, purified proteins. For the purposes of this 

document, "purified protein" will refer to a preparation in which the cumulative abundance by mass of 

protein components other than the specified protein, which can be a single monomeric or multimeric 

protein species, is reduced by a factor of 2 or more, 3 or more, 5 or more, 10 or more, 20 or more, 50 or 

more, 100 or more or 1000 or more relative to the source material from which the specified protein was 

isolated. 

[00300] In some embodiments, the one or more isolated, purified proteins are derived from non-animal 

sources. Non-limiting examples of non-animal sources include plants, funghi, bacteria, archaea, 

genetically modified organisms such as genetically modified bacteria or yeast, chemical or in vitro 

synthesis. In particular embodiments, the one or more isolated, purified proteins are derived from plant 
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sources. Non-limiting examples of plant sources include grains such as, e.g., corn, maize, rice, wheat, 

barley, rye, triticale, teff, oilseeds including cottonseed, sunflower seed, safflower seed, rapeseed, leafy 

greens such as, e.g., lettuce, spinach, kale, collard greens, turnip greens, chard, mustard greens, dandelion 

greens, broccoli, cabbage, green matter not ordinarily consumed by humans, including biomass crops, 

including switchgrass, miscanthus, sorghum, other grasses, alfalfa, corn stover, green matter ordinarily 

discarded from harvested plants, sugar cane leaves, leaves of trees, root crops such as cassava, sweet 

potato, potato, carrots, beets, turnips, plants from the legume family, such as, e.g., clover, peas such as 

cowpeas, english peas, yellow peas, green peas, beans such as, e.g., soybeans, fava beans, lima beans, 

kidney beans, garbanzo beans, mung beans, pinto beans, lentils, lupins, mesquite, carob, soy, and peanuts, 

vetch (vicia), stylo (stylosanthes), arachis, indigofera, acacia, leucaena, cyamopsis, and sesbania. One of 

skill in the art will understand that proteins that can be isolated from any organism in the plant kingdom 

may be used in the present invention. 

[00301] Proteins that are abundant in plants can be isolated in large quantities from one or more source 

plants and thus are an economical choice for use in any of the muscle, fat, connective tissue replicas, or 

meat substitute products. Accordingly, in some embodiments, the one or more isolated proteins 

comprises an abundant protein found in high levels in a plant and capable of being isolated and purified in 

large quantities. In some embodiments, the abundant protein comprises about 0.5%, 1%, 2%, 3%, 4%, 

5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70% of the 

total protein content of the source plant. In some embodiments, the abundant protein comprises about 0.5-

10%, about 5-40%, about 10-50%, about 20-60%, or about 30-70% of the total protein content of the 

source plant. In some embodiments, the abundant protein comprises about 0.5%, 1%, 2%, 3%, 4%, 5%, 

6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50% of the total weight of the dry matter 

of the source plant. In some embodiments, the abundant protein comprises about 0.5-5%, about 1-10%, 

about 5-20%, about 10-30%, about 15-40%, about 20-50% of the total weight of the dry matter of the 

source plant. 

[00302] In particular embodiments, the one or more isolated proteins comprises an abundant protein that 

is found in high levels in the leaves of plants. In some embodiments, the abundant protein comprises 

about 0.5%, 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 

50%, 55%, 60%, 65%, 70%, 75%, 80% of the total protein content of the leaves of the source plant. In 

some embodiments, the abundant protein comprises about 0.5-10%, about 5%-40%, about 10%-60%, 

about 20%-60%, or about 30-70% of the total protein content of the leaves of the source plant. In 

particular embodiments, the one or more isolated proteins comprise ribulose-1,5-bisphosphate 

carboxylase oxygenase (rubisco activase ). Rubisco is a particularly useful protein fm meat replicas 

because of its high solubility and an amino acid composition with close to the optimum proportions of 

essential amino acids for human nutrition. In particular embodiments, the one or more isolated proteins 

comprise ribulose-1,5-bisphosphate carboxylase oxygenase activase (rubisco activase ). In particular 

embodiments, the one or more isolated proteins comprise a vegetative storage protein (VSP). 
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[00303] In some embodiments, the one or more isolated proteins includes an abundant protein that is 

found in high levels in the seeds of plants. In some embodiments, the abundant protein comprises about 

0.5%, 1 %, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 

60%, 65%, 70%, 75%, 80%, 85% or 90% or more of the total protein content of the seeds of the source 

plant. In some embodiments, the abundant protein comprises about 0.5-10%, about 5%-40%, about 10%-

60%, about 20%-60%, or about 30-70% or >70% of the total protein content of the seeds of the source 

plant. Non-limiting examples of proteins found in high levels in the seeds of plants are seed storage 

proteins, e.g., albumins, glycinins, conglycinins, globulins, vicilins, conalbumin, gliadin, glutelin, gluten, 

glutenin, hordein, prolamin, phaseolin (protein), proteinoplast, secalin, triticeae gluten, zein, any seed 

storage protein, oleosins, caloleosins, steroleosins or other oil body proteins 

[00304] In some embodiments, the one or more isolated proteins includes proteins that interact with lipids 

and help stabilize lipids in a structure. Without wishing to be bound by a particular theory, such proteins 

may improve the integration of lipids and/ or fat replicas with other components of the meat substitute 

product, resulting in improved mouthfeel and texture of the final product. A non-limiting example of a 

lipid-interacting plant protein is the oleosin family of proteins. Oleosins are lipid-interacting proteins that 

are found in oil bodies of plants. Other non-limiting examples of plant proteins that can stabilize 

emulsions include seed storage proteins from Great Northern Beans, albumins from peas, globulins from 

peas, 8S globulins from Moong bean, 8S globulins from Kidney bean. 

MUSCLE REPLICAS 

[00305] A large number of meat products comprise a high proportion of skeletal muscle. Accordingly, 

the present invention provides a composition derived from non-animal sources which replicates or 

approximates key features of animal skeletal muscle. In another aspect, the present invention provides a 

meat substitute product that comprises a composition derived from non-animal sources which replicates 

or approximates animal skeletal muscle. Such a composition will be labeled herein as "muscle replica". 

In some embodiments, the muscle replica and/or meat substitute product comprising the muscle replica 

are partially derived from animal sources. In some embodiments, the muscle replica and/or meat 

substitute product comprising the muscle replica are entirely derived from non-animal sources. 

[00306] Many meat products comprise a high proportion of striated skeletal muscle in which individual 

muscle fibers are organized mainly in an isotropic fashion. Accordingly, in some embodiments the 

muscle replica comprises fibers that are to some extent organized isotropically. In some embodiments the 

fibers comprise a protein component. In some embodiments, the fibers comprise about 1 %, about 2%, 

about 5%, about 10%, about 15%, about 20%, about 30%, about 40%, about 50%, about 60%, about 70%, 

about 80%, about 90%, about 95%, about 99% or more of a protein component. 

[00307] In some embodiments, the protein component comprises one or more isolated, purified proteins. 

For example the one or more isolated, purified protein can comprise the 8S globulin from Moong bean 

seeds, or the albumin or globulin fraction of pea seeds. These proteins provide examples of proteins with 

favorable properties for constructing meat replicas because of their ability to form gels with textures 
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similar to animal muscle or fat tissue. Examples and embodiments of the one or more isolated, purified 

proteins are described herein. The list of potential candidates here is essentially open and may include 

Rubisco, any major seed storage proteins, proteins isolated from fungi, bacteria, archaea, viruses, or 

genetically engineered microorganisms, or synthesized in vitro. The proteins may be artificially designed 

to emulate physical properties of animal muscle tissue. The proteins may be artificially designed to 

emulate physical properties of animal muscle tissue. In some embodiments, one or more isolated, 

purified proteins accounts for about 0.1 %, 0.2%, 0.5%, 1 %, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 

15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 99% 

or more of the protein component by weight. 

[00308] Skeletal muscle of animals such as beef cattle typically contain substantial quantities of glycogen, 

which can comprise on the order of 1 % of the mass of the muscle tissue at the time of slaughter. After 

slaughter, a fraction of this glycogen continues to be metabolized yielding products including lactic acid, 

which contributes to lowering the pH of the muscle tissue, a desirable quality in meat. Glycogen is a 

branched polymer of glucose linked together by alpha (1->4) glycosidic bonds in linear chains, with 

branch points comprising alpha ( 1->6) glycosidic bonds. Starches from plants, particularly amylopectins 

are also branched polymers of glucose linked together by alpha (1->4) glycosidic bonds in linear chains, 

with branch points comprising alpha ( 1->6) glycosidic bonds and can therefore be used as an analog of 

glycogen in constructing meat replicas. Thus in some embodiments, the muscle or meat replica includes 

a starch or pectin. 

[00309] Additional components of animal muscle tissue include sodium, potassium, calcium, magnesium, 

other metal ions, lactic acid, other organic acids, free amino acids, peptides, nucleotides and sulfur 

compounds. Thus in some embodiments, the muscle replica can include sodium, potassium, calcium, 

magnesium, other metal ions, lactic acid, other organic acids, free amino acids, peptides, nucleotides and 

sulfur compounds. In some embodiments the concentration of sodium, potassium, calcium, magnesium, 

other metal ions, lactic acid, other organic acids, free amino acids, peptides, nucleotides and/or sulfur 

compounds in the muscle replica or consumable are within 10% of the concentrations found in a muscle 

or meat being replicated. 

[00310]In another aspect, the invention provides methods for making a muscle replica. In some 

embodiments, the composition is formed into asymmetric fibers prior to incorporation into the 

consumable. ln some embodiments these fibers replicate muscle fibers. ln some embodiments the fibers 

are spun fibers. In other embodiments the fibers are extruded fibers. Accordingly, the present invention 

provides for methods for producing asymmetric or spun protein fibers. In some embodiments, the fibers 

are formed by extrusion of the protein component through an extruder. Methods of extrusion are well 

known in the art, and are described in US6379738, US3693533, US20120093994, which are herein 

incorporated by reference. 

[0031l]In some embodiments extrusion can be conducted using an MPF19 twin-screw extruder (APV 

Baker, Grand Rapids, Mich.) with a cooling die. The cooling die can cool the extrudate prior to return of 

the extrudate to atmospheric pressure, thus substantially inhibiting expansion or puffing of the final 
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product. In the MPFl 9 apparatus, dry feed and liquid can be added separately and mixed in the barrel. 

Extrusion parameters can be, for example: screw speed of 200 rpm, product temperature at the die of 150 

C., feed rate of 23 g/min, and water-flow rate of 11 g/min. Product temperature can be measured during 

extrusion by a thermocouple at the end of the extrusion barrel. Observations can be made on color, 

opacity, structure, and texture for each collected sample. Collected samples can be optionally dried at 

room temperature overnight, then ground to a fine powder ( <60 mesh) using a Braun food grinder. The 

pH of samples can be measured in duplicate using 10% (w/v) slurries of powdered sample in distilled 

water. 

[00312]FAT REPLICA 

[00313] Animal fat is important for the experience of eating cooked meat. Accordingly, the present 

invention provides a composition derived from non-animal sources which recapitulates key features of 

animal fat. In another aspect, the present invention provides a meat substitute product that comprises a 

composition derived from non-animal sources which recapitulates animal fat. Such a composition will be 

labeled herein as a "fat replica". In some embodiments, the fat replica and/or meat substitute product 

comprising the fat replica are partially derived from animal sources. 

[00314] In some embodiments the meat substitute product has a fat component. In some embodiments the 

fat content of the consumable is 1%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, or 

60% fat. In some embodiments, the fat replica comprises a gel with droplets of fat suspended therein. In 

some embodiments, the gel is a soft, elastic gel comprising proteins and optionally carbohydrates. In 

particular embodiments, the proteins used in the gel are plant or microbial proteins. In some 

embodiments, the proteins used in the fat replica might include Rubisco, any major seed storage proteins, 

proteins isolated from fungi, bacteria, archaea, viruses, or genetically engineered microorganisms, or 

synthesized in vitro. The proteins may be artificially designed to emulate physical properties of animal 

fat. The proteins may be artificially designed to emulate physical properties of animal fat. 

[00315] The fat droplets used in some embodiments of the present invention can be from a variety of 

sources. In some embodiments, the sources are non-animal sources. In particular embodiments, the 

sources are plant sources. Non-limiting examples of oils include corn oil, olive oil, soy oil, peanut oil, 

walnut oil, almond oil, sesame oil, cottonseed oil, rapeseed oil, canola oil, safflower oil, sunflower oil, 

flax seed oil, algal oil, palm oil, palm kernel oil, coconut oil, babassu oil, shea butter, mango butter, cocoa 

butter, wheat germ oil, rice bran oil, oils produced by bacteria, algae, archaea or fungi or genetically 

engineered bacteria, algae, archaea or fungi, triglycerides, monoglycerides, diglycerides, sphingosides, 

glycolipids, lecithin, lysolecithin, phophatidic acids, lysophosphatidic acids, oleic acid, palmitoleic acid, 

palmitic acid, myristic acid, !auric acid, myristoleic acid, caproic acid, capric acid, caprylic acid, 

pelargonic acid, undecanoic acid, linoleic acid, 20: 1 eicosanoic acid, arachidonic acid, eicosapentanoic 

acid, docosohexanoic acid, 18:2 conjugated linoleic acid, conjugated oleic acid, or esters of: oleic acid, 

palmitoleic acid, palmitic acid, myristic acid, !auric acid, myristoleic acid, caproic acid, capric acid, 

caprylic acid, pelargonic acid, undecanoic acid, linoleic acid, 20: 1 eicosanoic acid, arachidonic acid, 
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eicosapentanoic acid, docosohexanoic acid, 18:2 conjugated linoleic acid, or conjugated oleic acid, or 

glycerol esters of oleic acid, palmitoleic acid, palmitic acid, myristic acid, lauric acid, myristoleic acid, 

caproic acid, capric acid, caprylic acid, pelargonic acid, undecanoic acid, linoleic acid, 20:1 eicosanoic 

acid, arachidonic acid, eicosapentanoic acid, docosohexanoic acid, 18:2 conjugated linoleic acid, or 

conjugated oleic acid, or triglyceride derivatives of oleic acid, palmitoleic acid, palmitic acid, myristic 

acid, lauric acid, myristoleic acid, caproic acid, capric acid, caprylic acid, pelargonic acid, undecanoic 

acid, linoleic acid, 20:1 eicosanoic acid, arachidonic acid, eicosapentanoic acid, docosohexanoic acid, 

18:2 conjugated linoleic acid, or conjugated oleic acid. 

[00316] In some embodiments, fat droplets are derived from pulp or seed oil. In other embodiments, the 

source may be yeast or mold. For instance, in one embodiment the fat droplets comprise triglycerides 

derived from Mortierella isabellina. 

[00317] In some embodiments plant oils are modified to resemble animal fats. The plant oils can be 

modified with flavoring or other agents to recapitulate the taste and smell of meat during and after 

cooking. Accordingly, some aspects of the invention involve methods for testing the qualitative 

similarity between the cooking properties of animal fat and the cooking properties of plant oils in the 

consumable. 

[00318] In some embodiments, the fat replica comprises a protein component comprising one or more 

isolated, purified proteins. The purified proteins contribute to the taste and texture of the meat replica. In 

some embodiments purified proteins can stabilize emulsified fats. In some embodiments the purified 

proteins can form gels upon denaturation or enzymatic crosslinking, which replicate the appearance and 

texture of animal fat. Examples and embodiments of the one or more isolated, purified proteins are 

described herein. In particular embodiments, the one or more isolated proteins comprise a protein 

isolated from the legume family of plants. Non-limiting examples oflegume plants are described herein, 

although variations with other legumes are possible. In some embodiments, the legume plant is a pea 

plant. In some embodiments the isolated purified proteins stabilize emulsions. In some embodiments the 

isolated purified proteins form gels upon crosslinking or enzymatic crosslinking. In some embodiments, 

the isolated, purified proteins comprise seed storage proteins. In some embodiments, the isolated, 

purified proteins comprise albumin. In some embodiments, the isolated, purified proteins comprise 

globulin. In a particular embodiment, the isolated, purified protein is a purified pea albumin protein. In 

another particular embodiment, the isolated, purified protein is a purified pea globulin protein. ln 

another particular embodiment the isolate purified protein is a Moong bean 8S globulin. In another 

particular embodiment, the isolated, purified protein is an oleosin. In another particular embodiment, 

the isolated, purified protein is a caloleosin. In another particular embodiment, the isolated, purified 

protein is Rubisco. In some embodiments, the protein component comprises about 0.1 %, 0.5%, 1 %, 2%, 

5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90% or 

more of the fat replica by dry weight or total weight. In some embodiments, the protein component 

comprises about 0.1-5%, about 0.5-10%, about 1-20%, about 5-30%, about 10-50%, about 20-70%, or 
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about 30-90% or more of the fat replica by dry weight or total weight. In some embodiments, the protein 

component comprises a solution containing one or more isolated, purified proteins. 

[00319] In some embodiments, the fat replica comprises cross-linking enzymes that catalyze reactions 

leading to covalent crosslinks between proteins. Cross-linking enzymes can be used to create or stabilize 

the desired structure and texture of the adipose tissue replica, to mimic the desired texture of an 

equivalent desired animal fat. Non-limiting examples of cross-linking enzymes include, e.g., 

transglutaminase, lysyl oxidases, or other amine oxidases (e.g. Pichia pastoris lysyl oxidase). In some 

embodiments, the cross-linking enzymes are isolated and purified from a non-animal source, examples 

and embodiments of which are described herein. In some embodiments, the fat replica comprises at least 

0.0001 %, or at least 0.001 %, or at least 0.01 %, or at least 0.1 %, or at leastl % (wt/vol) of a cross-linking 

enzyme. In particular embodiments, the cross-linking enzyme is transglutaminase. 

[00320] In another aspect, the invention provides methods for making a fat replica. In some 

embodiments, the fat droplets are suspended in a gel. In some embodiments the present invention 

provides for methods for producing droplets of fat suspended in the gel. The fat can isolated and 

homogenized. For example an organic solvent mixture can be used to help mix a lipid The solvent can 

then be removed. At this point the lipid can be frozen, lyophilized, or stored. So in some aspects the 

invention provides for a method for isolating and storing a lipid which has been selected to have 

characteristics similar to animal fat. The lipid film or cake can then be hydrated. The hydration can 

utilize agitation or temperature changes. The hydration can occur in a precursor solution to a gel. After 

hydration the lipid suspension can be sonicated or extruded to further alter the properties of the lipid in 

the solution. 

[00321] In some embodiments, the fat replica is assembled to approximate the organization adipose tissue 

in meat. In some embodiments some or all of the components of the fat replica are suspended in a gel. In 

various embodiments the gel can be a proteinaceous gel, a hydrogel, an organogel, or a a xerogel. In 

some embodiments, the gel can be thickened to a desired consistency using an agent based on 

polysaccharides or proteins. For example fecula, arrowroot, cornstarch, katakuri starch, potato starch, 

sago, tapioca, alginin, guar gum, locust bean gum, xanthan gum, collagen, egg whites, furcellaran, 

gelatin, agar, carrageenan, cellulose, methylcellulose, hydroxymethylcellulose, acadia gum, konjac, 

starch, pectin, amylopectin or proteins derived from legumes, grains, nuts, other seeds, leaves, algae, 

bacteria, of fungi can be used alone or in combination to thicken the gel, forming an architecture or 

structure for the consumable. 

[00322] In particular embodiments, the fat replica is an emulsion comprising a solution of one or more 

proteins and one or more fats suspended therein as droplets. In some embodiments, the emulsion is 

stabilized by one or more cross-linking enzymes into a gel. In more particular embodiments, the one or 

more proteins in solution are isolated, purified proteins. In yet more particular embodiments, the isolated, 

purified proteins comprise a purified pea albumin enriched fraction. In other more particular 

embodiments, the isolated, purified proteins comprise a purified pea globulin enriched fraction. In other 

more particular embodiments, the isolated, purified proteins comprise a purified Moong bean 8S globulin 
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enriched fraction. In yet more particular embodiments, the isolated, purified proteins comprise a Rubisco 

enriched fraction. In other particular embodiments, the one or more fats are derived from plant-based 

oils. In more particular embodiments, the one or more fats are derived from one or more of: corn oil, 

olive oil, soy oil, peanut oil, walnut oil, almond oil, sesame oil, cottonseed oil, rapeseed oil, canola oil, 

safflower oil, sunflower oil, flax seed oil, algal oil, palm oil, palm kernel oil, coconut oil, babassu oil, 

shea butter, mango butter, cocoa butter, wheat germ oil, rice bran oil, oils produced by bacteria, algae, 

archaea or fungi or genetically engineered bacteria, algae, archaea or fungi, triglycerides, monoglycerides, 

diglycerides, sphingosides, glycolipids, lecithin, lysolecithin, phophatidic acids, lysophosphatidic acids, 

oleic acid, palmitoleic acid, palmitic acid, myristic acid, lauric acid, myristoleic acid, caproic acid, capric 

acid, caprylic acid, pelargonic acid, undecanoic acid, linoleic acid, 20: 1 eicosanoic acid, arachidonic acid, 

eicosapentanoic acid, docosohexanoic acid, 18:2 conjugated linoleic acid, conjugated oleic acid, or esters 

of: oleic acid, palmitoleic acid, palmitic acid, myristic acid, lauric acid, myristoleic acid, caproic acid, 

capric acid, caprylic acid, pelargonic acid, undecanoic acid, linoleic acid, 20: 1 eicosanoic acid, 

arachidonic acid, eicosapentanoic acid, docosohexanoic acid, 18:2 conjugated linoleic acid, or conjugated 

oleic acid, or glycerol esters of oleic acid, palmitoleic acid, palmitic acid, myristic acid, lauric acid, 

myristoleic acid, caproic acid, capric acid, caprylic acid, pelargonic acid, undecanoic acid, linoleic acid, 

20:1 eicosanoic acid, arachidonic acid, eicosapentanoic acid, docosohexanoic acid, 18:2 conjugated 

linoleic acid, or conjugated oleic acid, or triglyceride derivatives of oleic acid, palmitoleic acid, palmitic 

acid, myristic acid, lauric acid, myristoleic acid, caproic acid, capric acid, caprylic acid, pelargonic acid, 

undecanoic acid, linoleic acid, 20: 1 eicosanoic acid, arachidonic acid, eicosapentanoic acid, 

docosohexanoic acid, 18:2 conjugated linoleic acid, or conjugated oleic acid. In yet even more particular 

embodiments, the one or more fats is a rice bran oil. In another particular embodiment, the one or more 

fats is a canola oil. In other particular embodiments, the cross-linking enzyme is transglutaminase, lysyl 

oxidase, or other amine oxidase. In yet even more particular embodiments, the cross-linking enzyme is 

transglutaminase. In particular embodiments, the fat replica is a high fat emulsion comprising a protein 

solution of purified pea albumin emulsified with 40-80% rice bran oil, stabilized with 0.5-5% (wt/vol) 

transglutaminase into a gel. In particular embodiments, the fat replica is a high fat emulsion comprising a 

protein solution of partially-purified moong bean 8S globulin emulsified with 40-80% rice bran oil, 

stabilized with 0.5-5% (wt/vol) transglutaminase into a gel. In particular embodiments, the fat replica is a 

high fat emulsion comprising a protein solution of partially-purified moong bean 8S globulin emulsified 

with 40-80% canola oil, stabilized with 0.5-5% (wt/vol) transglutaminase into a gel. In particular 

embodiments, the fat replica is a high fat emulsion comprising a protein solution of purified pea albumin 

emulsified with 40-80% rice bran oil, stabilized with 0.0001-1% (wt/vol) transglutaminase into a gel. In 

particular embodiments, the fat replica is a high fat emulsion comprising a protein solution of partially­

purified moong bean 8S globulin emulsified with 40-80% rice bran oil, stabilized with 0.0001-1% 

(~1/vol) transglutaminase into a gel. In particular embodiments, the fat replica is a high fat emulsion 

comprising a protein solution of partially-purified moong bean 8S globulin emulsified with 40-80% 

canola oil, stabilized with 0.0001-1 % (wt/vol) transglutaminase into a gel. 
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[00323] CONNECTIVE TISSUE REPLICA 

[00324]Animal connective tissue provides key textural features that are an important component of the 

experience of eating meat. Accordingly, the present invention provides a composition derived from non­

animal sources which recapitulates key features of animal connective tissue. In another aspect, the 

present invention provides a meat substitute product that comprises a composition derived from non­

animal sources which recapitulates important textural and visual features of animal connective tissue. 

Such a composition will be labeled herein as "connective tissue replica". In some embodiments, the 

connective tissue replica and/or meat substitute product comprising the connective tissue replica are 

partially derived from animal sources. 

[00325] Animal connective tissue can generally be divided into fascia-type and cartilage-type tissue. 

Fascia-type tissue is highly fibrous, resistant against extension (has high elastic modulus), and has a high 

protein content, a moderate water content (ca. 50%), and low-to-none fat and polysaccharide content. 

Accordingly, the present invention provides a connective tissue replica that recapitulates key features of 

fascia type tissue. In some embodiments, the connective tissue replica comprises about 50% protein by 

total weight, about 50% by liquid weight, and has a low fat and polysaccharide component. 

[00326] The protein content of most fascia-type connective tissue is comprised mainly of collagen. 

Collagen is characterized by a high fraction of proline and alanine, and also is assembled into 

characteristic elongated fibrils or rod-like, flexible structures. Prolamins are one family of proteins found 

in non-animal somces, such as plant sources. Prolamins are highly abundant in plants and are similar in 

amino acid composition to collagen. Among proteins we tested for this purpose, prolamins were 

particularly favorable because of their low cost and their ability to readily form fibers or sheets when spun 

or extruded. Non-limiting examples of prolamin family proteins include, e.g., zein (found in com), these 

include hordein from barley, gliadin from wheat, secalin, extensins from rye, kafirin from sorghum, 

avenin from oats. In fascia-type connective tissue, the prolamin family of proteins, individually or 

combinations thereof, demonstrates suitability for the protein component because they are highly 

abundant, similar in global amino acid composition to collagen (high fraction of pro line and alanine), and 

amenable to processing into films and fibers. In addition to zein (found in com), these include hordein 

from barley, gliadin from wheat, secalin, extensins from rye, kafirin from sorghum, avenin from oats. 

Other proteins may be necessary to supplement prolamins in order to achieve targets specifications for 

physicochemical and nutritional properties. The list of potential candidates here is essentially open and 

may include Rubisco, any major seed storage proteins, proteins isolated from fungi, bacteria, archaea, 

viruses, or genetically engineered microorganisms, or synthesized in vitro. The proteins may be 

artificially designed to emulate physical properties of animal connective tissue. animal-derived or 

recombinant collagen, extensins (hydroxyproline-rich glycoproteins abundant in cell walls e.g. 

Arabidopsis thaliana, monomers of which are "collagen-like" rod-like flexible molecules). The proteins 

may be artificially designed to emulate physical properties of animal connective tissue. . 
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[00327] Methods for forming fascia-type connective tissue will be as those practiced in the art with a bias 

towards methods producing fibrous or fibrous-like structures by biological, chemical, or physical means, 

individually or in combination, serially or in parallel, before final forming. These methods may include 

extrusion or spinning. 

[00328] Cartilage-type tissue is macroscopically homogenous, resistant against compression, has higher 

water content (up to 80%), lower protein (collagen) content, and higher polysaccharide (proteoglycans) 

contents (ca. 10% each). 

[00329] Compositionally, cartilage-type connective tissue will be very similar to fascia-type tissue with 

the relative ratios of each adjusted to more closely mimic 'meat' connective tissue. 

[00330] Methods for forming cartilage-type connective tissue will be similar to those for fascia-type 

com1ective tissue, but with a bias towards methods producing isotropically homogenous structures. 

[0033l]The fat can be suspended in a gel. In some embodiments the present invention provides for 

methods for producing droplets of fat suspended in the proteinaceous gel. The fat can be isolated from 

plant tissues and emulsified. The emulsification can utilize high-speed blending, homogenization, 

agitation or temperature changes. The lipid suspension can be sonicated or extruded to further alter the 

properties of the lipid in the solution. At this point, in some embodiments other components of the 

consumable are added to the solution followed by a gelling agent. In some embodiments crosslinking 

agents (e.g. transglutaminase or lysyl oxidase) are added to bind the components of the consumable. In 

other embodiments the gelling agent is added and the lipid/gel suspension is later combined with 

additional components of the consumable. In fascia-type connective tissue, the prolamin family of 

proteins, individually or combinations thereof, demonstrates suitability for the protein component because 

they are highly abundant, similar in global amino acid composition to collagen (high fraction of proline 

and alanine), and amenable to processing into films. In addition to zein (found in com), these include 

hordein from barley, gliadin from wheat, secalin, extensions from rye, kafirin from sorghum, avenin from 

oats. Other proteins may be necessary to supplement prolamins in order to achieve targets specifications 

for physicochemical and nutritional properties. The list of potential candidates here is essentially open 

and may include any major seed storage proteins, animal-derived or recombinant collagen, extensins 

(hydroxyproline-rich glycoproteins abundant in cell walls e.g. Arabidopsis thaliana, monomers of which 

are "collagen-like" rod-like flexible molecules). 

[00332] ln some embodiments some or all of the components of the consumable are suspended in a gel. 

In various embodiments the gel can be a hydrogel, an organogel, or a xerogel, The gel can be made thick 

using an agent based on polysaccharides or proteins. For example fecula, arrowroot, cornstarch, katakuri 

starch, potato starch, sago, tapioca, alginin, guar gum, locust bean gum, xanthan gum, collagen, egg 

whites, furcellaran, gelatin, agar, carrageenan, cellulose, methylcellulose, hydroxymethylcellulose, acadia 

gum, konjac, starch, pectin, amylopectin or proteins derived from legumes, grains, nuts, other seeds, 

leaves, algae, bacteria, of fungi can be used alone or in combination to thicken the gel, forming an 

architecture or structure for the consumable. Enzymes that catalyze reactions leading to covalent 

crosslinks between proteins can also be used alone or in combination to form an architecture or structure 
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for the consumable. For example transclutaminase, lysyl oxidases, or other amine oxidases (e.g. Pichia 

pastoris lysyl oxidase (PPLO)) can be used alone or in combination to form an architecture or structure 

for the consumable. In some embodiments multiple gels with different components are combined to 

form the consumable. For example a gel containing a plant-based protein can be associated with a gel 

containing a plant-based fat. In some embodiments fibers or stings of proteins are oriented parallel to one 

another and then held in place by the application of a gel containing plant based fats. 

[00333]The compositions of the invention can be puffed or expanded by heating, such as frying, baking, 

microwave heating, heating in a forced air system, heating in an air tunnel, and the like, according to 

methods well known in the art. 

[00334] In some embodiments multiple gels with different components are combined to form the 

consumable. For example a gel containing a plant-based protein can be associated with a gel containing a 

plant-based fat. In some embodiments fibers or strings of proteins are oriented parallel to one another and 

then held in place by the application of a gel containing plant based fats. 

[00335] In some embodiments the meat replica contains no animal products, less than 1 % wheat gluten, 

no methylcellulose, no canageenan, no caramel color and no Konjac flour, no gum Arabic, and no acacia 

gum. 

[00336] In some embodiments the meat replica contains no animal products, no wheat gluten, no 

methylcellulose, no carrageenan, no caramel color and no Konjac flour, no gum Arabic, and no acacia 

gum. 

[00337] In some embodiments the meat replica contains no animal products, no soy protein isolate, no 

wheat gluten, no methylcellulose, no canageenan, no caramel color and no Konjac flour, no gum Arabic, 

and no acacia gum. 

[00338] In some embodiments the meat replica contains no animal products, no soy protein concentrate, 

no wheat gluten, no methylcellulose, no canageenan, no caramel color and no Konjac flour, no gum 

Arabic, and no acacia gum. 

[00339] In some embodiments the meat replica contains no animal products, no soy protein, no wheat 

gluten, no methylcellulose, no canageenan, no caramel color and no Konjac flour, no gum Arabic, and no 

acacia gum. 

[00340] In some embodiments the meat replica contains no animal products, no tofu, no wheat gluten, no 

methylcellulose, no carrageenan, no caramel color and no Konjac flour, no gum Arabic, and no acacia 

gum. 

[0034l]In some embodiments the meat replica contains no animal products, no tofu, and no wheat gluten. 

[00342] In some embodiments the meat replica contains no animal products, no soy protein, and no wheat 

gluten. 

[00343] In some embodiments the meat replica contains no methylcellulose, no canageenan, no caramel 

color, no Konjac flour, no gum Arabic, and no acacia gum. 

[00344] In some embodiments the meat replica contains no animal products and less than 5% 

carbohydrates. 
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[00345] In some embodiments the meat replica contains no animal products, no soy protein, no wheat 

gluten, no methylcellulose, no carrageenan, no caramel color and no Konjac flour, no gum Arabic, and no 

acacia gum and less than 5% carbohydrates. 

[00346] In some embodiments the meat replica contains no animal products, and less than 1 % cellulose. 

[00347] In some embodiments the meat replica contains no animal products, and less than 5% insoluble 

carbohydrates. 

[00348] In some embodiments the meat replica contains no animal products, no soy protein, and less than 

1 % cellulose. 

[00349] In some embodiments the meat replica contains no animal products, no soy protein, and less than 

5% insoluble carbohydrates. 

[00350] In some embodiments the meat replica contains no animal products, no wheat gluten, and less 

than 1 % cellulose. 

[0035l]In some embodiments the meat replica contains no animal products, no wheat gluten, and less 

than 5% insoluble carbohydrates. 

[00352] The percentage of different components may also be controlled. For example non-animal-based 

substitutes for muscle, fat tissue, connective tissue, and blood components can be combined in different 

ratios and physical organizations to best approximate the look and feel of meat. The various can also 

components can be arranged to insure consistency between bites of the consumable. The components can 

be arranged to insure that no waste is generated from the consumable. For example, while a traditional 

cut of meat may have p01iions that are not typically eaten, a meat replicate can improve upon meat by not 

including these inedible portions. Such an improvement allows for all of the product made or shipped to 

be consumed, which cuts down on waste and shipping costs. Alternatively, a meat replica may include 

inedible portions to mimic the experience of meat consumption. Such portions can include bone, 

cartilage, connective tissue, or other materials commonly ref erred to as gristle, or materials included 

simulating these components. In some embodiments the consumable may contain simulated inedible 

portions of meat products which are designed to serve secondary functions. For example a simulated 

bone can be designed to disperse heat during cooking, making the cooking of the consumable faster or 

more uniform than meat. In other embodiments a simulated bone may also serve to keep the consumable 

at a constant temperature during shipping. In other embodiments, the simulated inedible portions may be 

biodegradable. 

[00353] In some embodiments the meat substitute compositions contains no animal protein, comprising 

between 10-30% protein, between 5-80% water, between 5-70% fat, comprising one or more isolated 

purified proteins. In particular embodiments, the meat substitute compositions comprise 

transglutaminase. 

[00354] In some embodiments the consumable contains components to replicate the components of meat. 

The main component of meat is typically skeletal muscle. Skeletal muscle typically consists of roughly 

75 percent water, 19 percent protein, 2.5 percent intramuscular fat, 1.2 percent carbohydrates and 2.3 

percent other soluble non-protein substances. These include organic acids, sulfur compounds, nitrogenous 
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compounds, such as amino acids and nucleotides, and inorganic substances such as minerals. 

Accordingly, some embodiments of the present invention provide for replicating approximations of this 

composition for the consumable. For example, in some embodiments the consumable is a plant-based 

meat replica can comprise roughly 75% water, 19% protein, 2.5% fat, 1.2% carbohydrates; and 2.3 

percent other soluble non-protein substances. In some embodiments the consumable is a plant-based 

meat replica comprising between 60-90% water, 10-30% protein, 1-20% fat, 0.1-5% carbohydrates; and 

1-10 percent other soluble non-protein substances. In some embodiments the consumable is a plant-based 

meat replica comprising between 60-90% water, 5-10% protein, 1-20% fat, 0.1-5% carbohydrates; and 1-

10 percent other soluble non-protein substances. , In some embodiments the consumable is a plant-based 

meat replica comprising between 0-50% water, 5-30% protein, 20-80%% fat, 0.1-5% carbohydrates; and 

1-10 percent other soluble non-protein substances. In some embodiments, the replica contains between 

0.01 % and 5% by weight of a heme protein. In some embodiments, the replica contains between 0.01 % 

and 5% by weight of leghemoglobin. Some meat also contains myoglobin, a heme protein, which 

accounts for most of the red color and iron content of some meat. In some embodiments, the replica 

contains between 0.01 % and 5% by weight of a heme protein. In some embodiments, the replica contains 

between 0.01 % and 5% by weight ofleghemoglobin. It is understood that these percentages can vary in 

meat and the meat replicas can be produced to approximate the natural variation in meat. Additionally, in 

some instances, the present invention provides for improved meat replicas, which comprise these 

components in typically unnatural percentages. For example a meat replica can be produced with a 

higher than typical average fat content. The percentages of these components may also be altered to 

increase other desirable properties. 

[00355] In some instances a meat replica is designed so that, when cooked, the percentages of 

components are similar to cooked meat. So, in some embodiments, the uncooked consumable has 

different percentages of components than uncooked meat, but when cooked the consumable is similar to 

cooked meat. For example, a meat replica may be made with a higher than typical water content for raw 

meat, but when cooked in a microwave the resulting product has percentages of components similar to 

meat cooked over a fire. 

[00356] In some embodiments the consumable is a meat replica with a lower that typical water content for 

meat. In some embodiments the inventions provides for methods for hydrating a meat replica to cause the 

meat replica to have a content similar to meat. For example a meat replica with a water content that 

would be low for meat, for example 1%, 10%, 20%, 30%, 40% or 50% water, is hydrated to roughly 75% 

water. Once hydrated, in some embodiments, the meat replica is then cooked for human consumption. 

[00357]The consumable can have a protein component. In some embodiments the protein content of the 

consumable is 10%, 20%, 30%, or 40%. In some embodiments the protein content of the consumable is 

similar to meat. In some embodiments the protein content in the consumable is greater than that of meat. 

In some embodiments the consumable has less protein than meat. 

[00358] The protein in the consumable can come from a variety or combination of sources. Non-animal 

sources can provide some or all of the protein in the consumable. Non-animal sources can include 
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vegetables, fruits, nuts, grains, algae, bacteria, or fungi. The protein can be isolated or concentrated from 

one or more of these sources. In some embodiments the consumable is a meat replica comprising protein 

only obtained from non-animal sources. 

[00359] In some embodiments protein is formed into asymmetric fibers for incorporation into the 

consumable. In some embodiments these fibers replicate muscle fibers. In some embodiments the 

protein are spun fibers. Accordingly, the present invention provides for methods for producing 

asymmetric or spun protein fibers. In some embodiments the consumable contains a protein or proteins 

that have all of the amino acids found in proteins that are essential for human nutrition. In some 

embodiments the proteins added to the consumable are supplemented with amino acids. 

[00360] INDICATORS OF COOKING MEAT 

[00361] The release of odorants upon cooking is an important aspect of meat consumption. In some 

embodiments, the consumable is a meat replica entirely composed of non-animal products that when 

cooked generates an aroma recognizable by humans as typical of cooking beef. In some embodiments, the 

consumable when cooked generates an aroma recognizable by humans as typical of cooking pork. In 

some embodiments, the consumable is a meat replica entirely composed of non-animal products that 

when cooked generates an aroma recognizable by humans as typical of cooking bacon. In some 

embodiments, the consumable is a meat replica entirely composed of non-animal products that when 

cooked generates an aroma recognizable by humans as typical of cooking chicken. In some 

embodiments, the consumable is a meat replica entirely composed of non-animal products that when 

cooked generates an aroma recognizable by humans as typical of cooking lamb. In some embodiments, 

the consumable is a meat replica entirely composed of non-animal products that when cooked generates 

an aroma recognizable by humans as typical of cooking fish. In some embodiments, the consumable is a 

meat replica entirely composed of non-animal products that when cooked generates an aroma 

recognizable by humans as typical of cooking turkey. In some embodiments the consumable is a meat 

replica principally or entirely composed of ingredients derived from non-animal sources, with an odorant 

that is released upon cooking. In some embodiments the consumable is a meat replica principally or 

entirely composed of ingredients derived from non-animal sources, with an odorant that is produced by 

chemical reactions that take place upon cooking. In some embodiments the consumable is a meat replica 

principally or entirely composed of ingredients derived from non-animal sources, containing mixtures of 

proteins, peptides, amino acids, nucleotides, sugars and polysaccharides and fats in combinations and 

spatial arrangements that enable these compounds to undergo chemical reactions during cooking to 

produce odorants and flavor-producing compounds. In some embodiments the consumable is a meat 

replica principally or entirely composed of ingredients derived from non-animal sources, with a volatile 

or labile odorant that is released upon cooking. In some embodiments the consumable is a method for 

preparing a meat replica where meat replicas principally or entirely composed of ingredients derived from 

non-animal sources are heated to release a volatile or labile odorant. 
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[00362] Odorants released during cooking of meat are generated by reactions that can involve as reactants 

fats, protein, amino acids, peptides, nucleotides, organic acids, sulfur compounds, sugars and other 

carbohydrates. In some embodiments the odorants that combine during the cooking of meat are identified 

and located near one another in the consumable, such that upon cooking of the consumable the odorants 

combine. So, in some embodiments, the characteristic flavor and fragrance components are produced 

during the cooking process by chemical reactions involving amino acids, fats and sugars found in plants 

as well as meat. So, in some embodiments, the characteristic flavor and fragrance components are mostly 

produced during the cooking process by chemical reactions involving one or more amino acids, fats, 

peptides, nucleotides, organic acids, sulfur compounds, sugars and other carbohydrates found in plants as 

well as meat. 

[00363] Some reactions that generate odorants released during cooking of meat can be catalyzed by iron, 

in particular the heme iron of myoglobin. Thus in some embodiments, some of the characteristic flavor 

and fragrance components are produced during the cooking process by chemical reactions catalyzed by 

iron. In some embodiments, some of the characteristic flavor and fragrance components are produced 

during the cooking process by chemical reactions catalyzed by heme .. In some embodiments, some of the 

characteristic flavor and fragrance components are produced during the cooking process by chemical 

reactions catalyzed by the heme iron in leghemoglobin. In some embodiments, some of the characteristic 

flavor and fragrance components are produced during the cooking process by chemical reactions 

catalyzed by the heme iron in a heme protein. 

[00364] Evidence that the presence of leghemoglobin contributes favorably to aroma of meat replicas: A 

muscle replica comprising pea flour, sunflower oil, and glucose was heated for 10 minutes at 140C in the 

presence of either reduced leghemoglobin (LHb) or a mixture of iron (Fe3+), sodium and EDTA (EFS) in 

sealed containers carrying solid phase microextraction ( SPME) fibers. These fibers contain 

polydimethylsiloxane (PDMS) which adsorbs volatile compounds for analysis by GC-MS. Analysis of 

GC-MS data from multiple replicas reveal consistent differences between the LHb and EFS samples. 

Non-limiting examples of compounds found exclusively or more abundantly in the LHb samples are: 2-

octanone, 2-methyl furan, which are often associated with the aroma of cooked meat, and many other 

unidentified compounds. For example, Figure 1 shows a comparison of aligned GCMS profiles (in 

mirrored orientations) of otherwise identical muscle-replica samples cooked in the presence of 

leghemoglobin (LHb, Right side profile) or Ferric ion (Left side profile). In this illustration, the vertical 

axis represents retention time in the gas chromatography separation step, and the horizontal axis 

represents m/z ratios of ions produced by fragmentation of the corresponding separated volatile 

compounds. Selected compounds differentially represented in the two samples are labeled on the Right of 

the figure. 

[00365] COLOR INDICATORS 

[00366] The color of meat is an important part the experience of cooking and eating meat. For instance, 

cuts of beef are of a characteristic red color in a raw state and gradually transition to a brown color during 
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cooking. As another example, white meats such as chicken or pork have a characteristic pink color in 

their raw state and gradually transition to a white or brownish color during cooking. The amount of the 

color transition is used to indicate the cooking progression of beef and titrate the cooking time and 

temperature to produce the desired state of done-ness. In some aspects, the invention provides a non­

meat based meat substitute product that provides a visual indicator of cooking progression. In some 

embodiments, the visual indicator is a color indicator that undergoes a color transition during cooking. In 

particular embodiments, the color indicator recapitulates the color transition of a cut of meat as the meat 

progresses from a raw to a cooked state. In more particular embodiments, the color indicator colors the 

meat substitute product a red color before cooking to indicate a raw state and causes the meat substitute 

product to transition to a brown color during cooking progression. In other particular embodiments, the 

color indicator colors the meat substitute product a pink color before cooking to indicate a raw state and 

causes the meat substitute product to transition to a white or brown color during cooking progression. 

[00367] The main determinant of the nutritional definition of the color of meat is the concentration of iron 

carrying proteins in the meat. In the skeletal muscle component of meat products, one of the main iron­

caiTying proteins is myoglobin. It is estimated that the white meat of chicken has under 0.05%; pork and 

veal have 0.1-0.3%; young beef has 0.4-1.0%; and old beef has 1.5-2.0%. So, in some embodiments, the 

consumable is a meat replica which comprises an iron-carrying protein. In some embodiments, the meat 

replica comprises about 0.05%, about 0.1%, about 0.2%, about 0.3%, about 0.4%, about 0.5%, about 

0.6%, about 0.7%, about 0.8%, about 0.9%, about 1%, about 1.1%, about 1.2%, about 1.3%, about 1.4%, 

about 1.5%, about 1.6%, about 1. 7%, about 1.8%, about 1.9%, about 2%, or more than about 2% of an 

iron-carrying protein by dry weight or total weight. In some cases, the iron carrying protein has been 

isolated and purified from a source. In other cases, the iron carrying protein has not been isolated and 

purified. In some cases, the source of the iron-carrying protein is an animal source, or a non-animal 

source such as a plant, fungus, or genetically modified organisms such as, e.g., bacteria or yeast. In some 

cases, the iron-ca1Tying protein is myoglobin. In some embodiments the consumable is a plant based 

meat replica that has animal myoglobin added. So, for example a replica of young beef can have about 

0 .4-1 % myoglobin. In some cases, the iron-carrying protein is leghemoglobin. In some embodiments the 

consumable is a plant based meat replica that has leghemoglobin added. So, for example a replica of 

young beef can have about 0 .4-1 % leghemoglobin. In some cases, the iron-carrying protein is a 

cytochrome. ln some embodiments the consumable is a plant based meat replica that has a cytochrome 

added. So, for example a replica of young beef can have about 0.4-1 % of a cytochrome. 

[00368] Another example of iron-carrying proteins is hemoglobin, the iron-containing oxygen-binding 

protein in the red blood cells of vertebrates. Hemoglobin is similar in color to myoglobin. In some 

embodiments the invention provides methods of saving and recycling blood from animal farming to 

supplement the color of a consumable. For example blood is saved from a slaughter house, hemoglobin 

from the blood is used to enhance the color of a consumable. In some aspects the consumable is a plant­

based meat replica containing hemoglobin. 
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[00369] Additional iron containing proteins exist in nature. In some embodiments the consumable 

comprises an iron containing protein that is not myoglobin. In some embodiments the consumable does 

not contain myoglobin. In some embodiments the consumable does not contain hemoglobin. In some 

embodiments the consumable is a meat replica that comprises an iron containing protein other than 

myoglobin or hemoglobin. 

[00370] Examples of iron containing proteins include hemoglobin, myoglobin, neuroglobin, cytoglobin, 

leghemoglobin, non-symbiotic hemoglobin, Hell's gate globin I, bacterial hemoglobins, ciliate 

myoglobins, flavohemoglobins. In various embodiments these iron containing proteins are added to the 

consumable to alter the visual characteristics or iron content of the consumable. In some embodiments the 

consumable comprises a hemoprotein ( e.g. hemoglobin, myoglobin, neuroglobin, cytoglobin, 

leghemoglobin, non-symbiotic hemoglobin, Hell's gate globin I, bacterial hemoglobins, ciliate 

myoglobins, flavohemoglobins,). 

[00371] Leghemoglobin, similar in structure and physical properties to myoglobin, is readily available as 

an unused by-product of commodity legume crops (eg., soybean, pea). The leghemoglobin in the roots of 

these crops in the US exceeds the myoglobin content of all the red meat consumed in the US. In some 

embodiments the consumable is a meat replica principally or entirely composed of ingredients derived 

from non-animal sources, including a muscle tissue replica, an adipose tissue replica, a connective tissue 

replica, and leghemoglobin. In some embodiments the consumable is a meat replica principally or 

entirely composed of ingredients derived from non-animal sources, containing a heme protein. In some 

embodiments the consumable is a meat replica principally or entirely composed of ingredients derived 

from non-animal sources, containing a leghemoglobin. In some embodiments the consumable is a meat 

replica principally or entirely composed of ingredients derived from non-animal sources, containing a 

member of the glob in protein family. In some embodiments the consumable is a meat replica principally 

or entirely composed of ingredients derived from non-animal sources, with a high iron content from a 

heme protein. In some embodiments the iron content is similar to meat. In some embodiments the 

consumable has the distinctive red color of meat, such color provided by leghemoglobin. 

[00372] Leghemoglobin is, in some embodiments, used as an indicator that the consumable is finished 

cooking. So, one embodiment of the invention is a method for cooking a consumable comprising 

detecting leghemoglobin which has migrated from the interior of the consumable to the surface when the 

product is cooked. Another embodiment of the invention is a method for cooking a consumable 

comprising detecting the change in color of from red to brown when the product is cooked. 

[00373] A heme protein is, in some embodiments, used as an indicator that the consumable is finished 

cooking. So, one embodiment of the invention is a method for cooking a consumable comprising 

detecting leghemoglobin which has migrated from the interior of the consumable to the surface when the 

product is cooked. Another embodiment of the invention is a method for cooking a consumable 

comprising detecting the change in color of from red to brown when the product is cooked. 

[00374] A heme protein from the group of: Hemoglobin, myoglobin, neuroglobin, cytoglobin, 

leghemoglobin, non-symbiotic hemoglobin, Hell's gate globin I, bacterial hemoglobins, ciliate 
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myoglobins, flavohemoglobins, is, in some embodiments, used as an indicator that the consumable is 

finished cooking. So, one embodiment of the invention is a method for cooking a consumable comprising 

detecting leghemoglobin which has migrated from the interior of the consumable to the surface when the 

product is cooked. Another embodiment of the invention is a method for cooking a consumable 

comprising detecting the change in color of from red to brown when the product is cooked. 

Food products comprising isolated, purified leghemoglobin 

[00375] In some embodiments leghemoglobin is added to meat to enhance the properties of meat. For 

example, a leghemglobin containing solution can be injected into raw or cooked meat. In another 

example a leghemoglobin solution is dripped over meat or a consumable of the invention to enhance 

appearance. In one embodiment advertising, photography, or videography of food products such as meat 

or a meat substitute is enhanced with leghemoglobin. 

Sources of leghemoglobin 

[00376] In some embodiments the present invention provides methods for obtaining leghemoglobin from 

plants. Leghemoglobin can be obtained from a variety of plants. Various legumes species and their 

varieties, for example, Soybean, Fava bean, Lima bean, Cowpeas, English peas, Yellow peas, Lupine, 

Kidney bean, Garbanzo beans, Peanut, Alfalfa, Vetch hay, Clover, Lespedeza and Pinto bean, contain 

nitrogen-fixing root nodules in which leghemoglobin has a key role in controlling oxygen concentrations 

(for example root nodules from a pea plant, Figure 2). Figure 3 shows 100 mls of leghemoglobin 

solution isolated from 30 grams of pea root nodules. Leghemoglobins from different species are 

homologs and have similar color properties (Figure 4). In Figure 4, panel A shows an SDS_PAGE gels of 

lysed root-nodules of three legume plant species (1) Fava bean (2) English Pea (3) Soybean. Arrows mark 

respective leghemoglobins. Note that leghemoglobin is the most abundant soluble protein in each lysate. 

Panel B shows the similarity of UV-VIS spectral profile of leghemoglobins from two different plant 

species (Favabean and Soybean). We purified leghemoglobin from fava bean (green curve) and Soybean 

(red curve) root nodules using the protocol described elsewhere in the specification. UV-VIS spectra of 

both proteins shows that the heme iron is in the reduced (+2) state. Note that they are almost perfectly 

superimposed, consistent with their visually identical red color. The heme iron in the respective 

leghemoglobins was reduced to the +2 oxidation state by incubating Fava bean and Soybean 

leghemoglobin with lOmM sodium hydrosulfite in 20mM potassium-phosphate pH 7.4, lO0mM sodium 

chloride buffer. Sodium hydrosulfite was then removed from the leghemoglobin solution using gel­

exclusion chromatography. Inset shows a zoom-in of UV-VIS spectra in 450nm to 700mn region. Some 

plant species express several leghemoglobin isoforms (for example soybean has four leghemoglobin 

isoforms ). Minor variations in precise amino acid sequence can modify overall charge of the protein at a 

particular pH and can modify precise structural conformation of iron containing heme group in 

leghemoglobin. Differences in structural conformation of heme group of different leghemoglobins can 
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influence oxidation and reduction rates of the heme iron. These differences may contribute to color and 

flavor generation properties of different leghemoglobins. 

[00377] Leghemoglobin has a virtually identical absorbance spectrum and visual appearance to 

myoglobin from animal muscle. Figure 5 shows a comparison of reduced (heme iron 2+) and oxidized 

(heme iron 3+) soybean leghemoglobin (Figure 5 panel A) and equine heart muscle myoglobin (Figure 5 

panel B) showing similarity of UV-VIS absorption profiles of two proteins. We purified soybean 

leghemoglobin from soybean root-nodules using here described protocol. Purified equine myoglobin was 

purchased from SigmaAldrich. Soybean leghemoglobin (Figure 5 panel A) and equine myoglobin (Figure 

5 panel B) were reduced with 1 mm sodium hydrosulfite. Shown are UV-VIS absorption spectra of heme 

Fe3+ (blue line) and heme Fe2+ (red line) of soybean leghemoglobin (Figure 5 panel A) and equine 

myoglobin (Figure 5 panel B). Insets show a zoom-in of UV-VIS spectra in 450nm to 700nm region. 

(Figure 5 panel C) Images of 1 0ul liquid droplet of a 40 mg/ml solution of soybean leghemoglobin in the 

heme-Fe3+ state (left droplet) showing characteristic rusty red color and a 40mg/ml solution of soybean 

leghemoglobin solution in the heme-Fe2+ state (right droplet) showing characteristic red color of and 

(right image) conesponding samples of equine myoglobin. 

[00378] In other embodiments, leghemoglobin can be sourced from non-plant sources, such as from 

organisms such as bacteria or yeast which have been genetically modified to express high levels of 

leghemoglobin. 

[00379] The oxidation state of the iron ion in leghemoglobin is important for its color. Leghemoglobin 

with the heme iron in the +2 oxidation state appears vivid red in color, while leghemoglobin with the 

heme iron in the + 3 oxidation state appears brownish red. Thus, in using leghemoglobin as a source of 

red color in a meat replica, it is desireable to reduce the heme iron from the +3 state to the +2 state. 

Heme iron in leghemoglobin can be switched from oxidized (+3) state to reduced (+2) state with reducing 

reagents. Examples of successful reduction of leghemoglobin heme iron with sodium hydrosulfite and 

titanium citrate are illustrated in Figure 6. In Figure 6 the UV-VIS spectrogram of purified soybean 

leghemoglobin in which the heme iron is in the oxidized (+3) state is represented by the blue curves in 

each panel. The red curves in each panel represent the UV-VIS spectra of the same leghemoglobin 

species after reduction to the (+2) state (red lines) by addition of (Panel A) lmM sodium hydrosulfite or 

(Panel B) 0.24 % (,vt/v) titanium citrate in 20mM potassium phosphate pH 7.3, lO0rnM sodium chloride 

buffer. The Insets show a zoom-in of UV-VIS spectra in 450 -700 nm region. For this example, 

leghemoglobin was purified from soybean root nodules using 60/90% ammonium sulfate fractionation 

and exchanged into 20mM potassium phosphate pH 7.4, 1 00mM sodium chloride buffer. Sodium 

hydrosulfite stock solution was prepared by dissolving 1 00mM sodium hydrosulfite inl mM sodium 

hydroxide in water. Titanium citrate stock solution was prepared from 20 % (,vt/v) Ti-chloride in 

hydrochloric acid by mixing it with 0 .2M sodium citrate ( 1 : 10 v/v). pH was adjusted using sodium 

carbonate to pH 7.0. 

[00380] Leghemoglobin can be purified from legume root nodules, such as the root nodules of peas or 

soybeans (Figure 1 shows pea root nodules, Figure 2 shows Leghemoglobin isolated from same). Root 
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nodules from soy beans were thoroughly cleaned to remove soil and extraneous root tissues prior to root 

nodule lysis in 20mM potassium phosphate pH 7.4, l00mM sodium chloride, Imm EDT A and lmM 

ascorbic acid. Root nodules were lysed by grinding root-nodules using a Vitamix blender. For some 

samples Polyvinylpyrrolidone polymer was added at 30% -"1/v to aid in removal of plant phenolic small 

molecules that mediate oxidation of leghemoglobin heme-iron. Root nodule lysate was fractionated using 

ammonium sulfate in two steps, first ammonium sulfate was added to 60% "'1/v. Pellet was discarded and 

supernatant brought to 90% wt/v. ammonium sulfate. Leghemoglobin was collected as a precipitated 

pellet in 90% ammonium sulfate fraction. Ammonium sulfate precipitated leghemoglobin was 

resuspended in 20mM potassium phosphate, lmM EDT A, 50mM sodium chloride and ammonium sulfate 

was removed using dialysis or size-exclusion chromatography in the same buffer. In some instances this 

was the last purification step, while in other instances leghemoglobin was further purified using anion­

exchange chromatography (FFQ GE Healthcare), which was sometimes followed by size-exclusion 

chromatography (Sephacryl S-100, GE Healthcare). Soybean leghemoglobin from 90% ammonium 

sulfate pellet was loaded on anion exchange columns (FFQ or DEAE, GE Healthcare) in different buffers 

(20mM potassium phosphate pH 7 .4, containing 0 to 1 00mM sodium chloride, 20mM Tris pH 8 

containing Oto l00mM sodium chloride, 20mM sodium borax pH 9.8, 20mM sodium chloride, 20mM 

sodium carbonate pH 9, 20mM sodium chloride) and purified either in flow-through or using sodium 

chloride (0-IM salt gradient). An example of the leghemoglobin purification flow from soybean root 

nodules is represented in Figure 7. The figure shows SDS-PAGE fractionation of different soybean 

leghemoglobin purification steps (Lane 1) Soybean root-nodule lysate; (Lane 2) Soybean root-nodule 

lysate purified by 60/90 % (wt/v) ammonium sulfate fractionation. Shown is the protein content of 90% 

ammonium sulfate fractionated protein pellet resuspended in 20mm potassium phosphate pH 7.4, 1 00mM 

sodium chloride, 1 mM EDT A buffer; Proteins from 90% ammonium sulfate pellet were further purified 

by anion-exchange chromatography (FFQ GE Healthcare) in 20mM potassium phosphate ph 7.4, lO0mM 

sodium chloride. Leghemoglobin collected in the flowthrough is shown in Lane 3. Anion-exchange 

flowthrough was fractionated using size-exclusion chromatography (Sephacryl S-100 GE Healthcare) 

and resulting leghemoglobin fraction is shown in Lane 4. Leghemoglobin content at different purification 

steps was determined by determining the fraction of leghemoglobin band on SDS-PAGE gel in a 

respective sample using ImageDoc analysis software (BioRad). Purity (partial abundance) of 

leghemoglobin at respective steps in the purification steps was: lysate: 32. 7% (lane I), 60/90 % ("'1/v) 

ammonium sulfate fractionation 78% (lane 2), anion-exchange chromatography- 83% (lane 3), and 

size-exclusion chromatography to - 95% (lane 4). 

[00381] Leghemoglobin can also be produced by genetically engineering a bacterium or fungus to 

produce it. One illustrative example is shown in Figure 8. Figure 8 shows stained SDS-PAGE gel 

analysis of (A) soybean leghemoglobin expressed and purified using recombinant protein technology and 

(B) soybean leghemoglobin purified from soybean root nodules. (A) Recombinant Soybean 

leghemoglobin A canying His-tag and TEV protease His-tag removal site was expressed in E.coli BL21 

strain and purified using His-tag affinity chromatography (Talon resin, CloneTech). The left lane 
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contains molecular weight standards, the right lane contains purified recombinant soybean leghemoglobin 

A (arrow). Expected molecular weight of the recombinant soybean leghemoglobin A is 17.lkDa. (B) 

SDS-PAGE gel of purified Soybean leghemoglobin from root nodules. The left lane contains molecular 

weight standards, the right lane contains purified soybean leghemoglobin A (arrow). Mass spectrometry 

analysis of purified material determined that all four soybean leghemoglobin isoforms are present, and are 

full length ( data not shown). Expected molecular weights (MW) of soybean leghemoglobin isoforms 

range from MW15.4 to 15.8kDa. 

[00382] Leghemoglobin purified from soybean and fava root nodules, respectively was tasted by a panel 

of volunteers and in each case described as tasting like blood. 

[00383] Leghemoglobin can be isolated from the roots nodules of legumes such as soy beans, fava beans, 

cow peas, lima beans, garbanzo beans, peas, lupine, lotus japonicum or other legumes. The root nodule 

(for example root nodules from a pea plant, Figure 1) is obtained and homogenized in an aqueous 

solution, soluble proteins including leghemoglobin are recovered after insoluble matter is removed by 

precipitation or filtration. Leghemoglobin can be purified by selective precipitation and/ or 

chromatography and/or the use of molecules with specific affinity for leghemoglobin. (Figure 2, 

showing 100 mis of solution of leghemoglobin isolated from 30 grams of pea root nodules). 

[00384] Heme proteins, for example leghemoglobin, can be combined with other plant based meat replica 

components. In some embodiments the heme proteins are captured in a gel which contains other 

components, for example lipids and or proteins. In some aspects a multiple gels are combined with non­

gel based heme proteins. In some embodiments the combination of the heme proteins and the other 

compounds of the consumable are done to insure that the heme proteins are able to diffuse through the 

consumable. In some embodiments the consumable is ed in a heme-protein containing solution, for 

instance a leghemoglobin solution,. In some embodiments the consumable is soaked in a heme protein 

containing solution, for instance a leghemoglobin solution for 1, 5, 10, 15, 20 or 30 hours. In some 

embodiments the consumable is soaked in a heme containing solution, for instance a leghemoglobin 

solution for 1, 5, 10, 15, 30, or45 minutes. 

[00385] Figure 9 shows an example of 6 cubes of a commercial meat analog (Quorn chicken analog), 

about 1cm on a side, 4 of which (Left and lower right) have been soaked in a solution of about 10 mg/ml 

soybean leghemoglobin in 20 mM Potassium phosphate pH 7.4 and 100 mM Na Cl; the remaining two 

(Upper right) were soaked in the same buffer without leghemoglobin. Note the deep pink color of the 

leghemoglobin-infused cubes in contrast to the pale tan color of the un-infused cubes. 

[00386] Figure 10 shows the 4 leghemoglobin-infused cubes of Quorn chicken analog in the process of 

cooking in a pan at 350°C. The two lower cubes have been turned over to expose the grilled surface, 

which has turned brown. Note in the upper two cubes that the heated portion has turned grey-brown, 

while the cooler top surface retains its pink color. In some embodiments the consumable is injected with 

a heme containing solution, for instance a leghemoglobin solution, until the consumable is the color of 

uncooked meat. 
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[00387] Given the usefulness of heme proteins for coloring consumables it will be useful to detect 

whether a product contains a particular heme protein. Accordingly the present invention includes in some 

embodiments methods to determine whether a product contains a heme protein. Methods for detecting 

proteins are well known in the art. For example an ELISA or proximity-ligation assoacy or luninex assay 

or western blot analysis can be performed to determine whether leghemoglobin is present in a food 

product such as meat or a meat replica. In one embodiment the detection methods are performed to 

determine whether meat has been altered with leghemoglobin. 

Examples 

[00388] An exemplary muscle replica composition comprising one or more isolated, purified plant 

proteins is described herein. 

[00389] Protein purification for components of the replica 

[00390] Moong bean seeds, Green Pea dry seed were purchased as milled flour and used for purification 

of respective seed storage proteins. Rubsico was purified from fresh alfalfa plant. Protein composition at 

individual fractionation steps was monitored by SDS-PAGE and protein concentrations were measured by 

standard UV-VIS and Pierce assay methods. 

[00391] Moong bean 8S globulins: Moong bean flour was resuspended in in 50rnM potassium phosphate 

buffer pH 7 and 0.5M NaCl at 1 :4 (wt/v) ratio, and mixture was incubated for 1hr. Unsoluble material 

was separated by centrifugation and proteins in the supernatant were fractionated by addition of 

ammonium sulfate in 2 steps: 50% (wt/v) followed by 90% (wt/v). Protein precipitated in 90% fraction 

contained the moong bean 8S globulins and was stored at -20C until further use. 

[00392] Pea-albumins: Green pea dry seed flour was resuspended at 1: 10 (wt/v) ratio in 50rnM sodium 

acetate buffer pH 5 and incubated for 1hr. Unsoluble material was separated by centrifugation and 

proteins in the supernatant were fractionated by ammonium sulfate precipitation in two steps: 50% (wt/v) 

followed by 90% (wt/v). Ammonium sulfate solutions were stirred for 1 hour and ammonium sulfate 

precipitated proteins removed by centrifugation. Proteins of interest precipitated in 90% (wt/v) 

ammonium sulfate. Pellet was stored at -20C until further use. 

[00393] Pea-globulins: Green pea dry seed flour was resuspended at 1: 10 (wt/v) ratio in 20rnM potassium 

phosphate buffer pH 8, 0.4M sodium chloride and stirred for 1hr. After centrifugation, the supernatant 

was subjected to ammonium sulfate fractionation. First, supernatant was brought to 50% (wt/v) 

ammonium sulfate, and precipitated proteins removed. Second, 50% (,vt/v) ammonium sulfate 

supernatant was brought to 80% (wt/v) ammonium sulfate saturation. The 80% (wt/v) ammonium sulfate 

pelleted protein contained globulins of interest. Pellet was stored at -20'C until further use. 

[00394] RuBisCO: RuBisCO was fractionated from alfalfa greens ( or other green plants eg soybean 

plants, spinach etc) by first grinding leaves with 4 volumes of cold 50rnM KPhosphate buffer pH 7.4 

buffer (with (in lab) or without (in field) 0.5M NaCl+ 2rnM DTT + lmM EDTA) in a blender. The 

resulting sluny was centrifuged to remove debris, and the supernatant ( crude lysate) was used in further 
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purification steps. Proteins in the crude lysate were fractionated by addition of ammonium sulfate to 30% 

(wt/v) saturation. The solution was stirred for 1hr and then centrifuged. The pellet from this step was 

discarded and additional ammonium sulfate was added to the supernatant to 50 % (wt/v) ammonium 

sulfate saturation. The solution was centrifuged again after stirring for 1hr. The pellet from this step 

contains RuBisCO, and was kept at -20C until used. 

[00395] Obtaining plant proteins. 

Moong bean seed 8S protein was purified by ammonium sulfate fractionation as described. Pellet was 

resuspended in 20mM potassium phosphate pH pH 7.4 and 0.5M sodium chloride and ammonium sulfate 

removed by dialysis against the same buffer. Any precipitate was removed by centrifugation at 16 000g, 

1 0min and protein concentrated to desired concentration. Pea globulins purified by ammonium sulfate 

fractionation as described. Protein pellet was resuspended in 20mM potassium phosphate pH pH 7.4 and 

0.4M sodium chloride and ammonium sulfate removed by dialysis against the same buffer. Any 

precipitate was removed by centrifugation at 16 000g, lOmin and protein concentrated to desired 

concentration. Pea albumin purified by ammonium sulfate fractionation as described. Protein pellet was 

resuspended in 20mM potassium phosphate pH pH 7.4 and 0. IM sodium chloride and ammonium sulfate 

removed by dialysis against the same buffer. Any precipitate was removed by centrifugation at 16 000g, 

1 0min and protein concentrated to desired concentration. 

[00396] Constructing a Muscle Tissue Analog 

[00397] Moong bean seed 8S protein was purified by ammonium sulfate fractionation as described 

above, For preparation of gels, 200 g of pellet was dissolved in 400 ml of dialysis buffer (20 mM 

potassium phosphate, 400 mM NaCl, pH 7.3) and the resulting solution dialyzed for 6 hours against 5 1 of 

dialysis buffer, replaced twice with fresh buffer. Protein solution was centrifuged at 12,000 g for 15 min 

to remove debris. Protein was concentrated by dialyzing for 36 hours against 5 1 of 30% w/w solution of 

PEG 8000 (polyethylene glycol, molecular weight 8000) in dialysis buffer. Final protein concentration 

was 150 mg/ml. 

[00398] Leghemoglobin was purified from soybean root nodules. Legume root nodules were cleaned to 

remove soil and extraneous root tissues prior to root nodule lysis in 20mM potassium phosphate pH 7.4, 

lO0mM sodium chloride, Imm EDTA and lmM ascorbic acid. Root nodules were lysed by grinding root­

nodules using juicer blender. Unsoluble material was separated by centrifugation. Root nodule lysate 

was fractionated using ammonium sulfate in two steps, first ammonium sulfate was added to 60% wt/v 

and solution incubated for 1hr, 4'C. Pellet was discarded and supernatant brought to 90% wt/v 

ammonium sulfate and incubated for 12hr, 4'C. Leghemoglobin was collected as a precipitated pellet in 

90% ammonium sulfate fraction and resuspended in 20mM potassium phosphate, lmM EDTA, l00mM 

sodium chloride. SDS-PAGE gel analysis determined that protein solution contains 70% leghemoglobin 

and 30% other root nodule proteins. Ammonium sulfate was removed using size-exclusion 

chromatography in the same buffer. Leghemoglobin was concentrated by dialyzing for 48hr against 30% 

PEG 8000 (polyethylene glycol, molecular weight 8000) in 20mM potassium phosphate pH 7.3, lO0mM 
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sodium chloride. Total protein concentration was 57mg/ml. UV-VIS spectra suggested that 

leghemoglobin was in heme-iron oxidized state. Thus, leghemoglobin was incubated with 5mM sodium 

hydrosulfite for 5min and sodium hydrosulfite was removed using size-exclusion chromatography in 

20mM potassium phosphate, 1 00mM sodium chloride buffer. Leghemoglobin was further concentrated 

to 35.4 mg/ml. UV-VIS spectra analysis confirmed that leghemoglobin is in heme-iron reduced state. 

[00399] Transglutaminase was obtained commercially from (Activa TI, Ajimoto ). Stock solution (20% 

wt/v) was made in 20mM potassium phosphate pH 7 .3, 1 00mM sodium chloride buffer. 

[00400]To prepare "dark" muscle tissue analog (Figure 11), 43 ml ofmoong bean protein solution (150 

mg/ml in dialysis buffer) were mixed with 37 ml ofleghemoglobin solution (46.5 mg/ml leghemoglobin 

and 20mg/ml of other soybean root nodule protein) in 20 mM potassium phosphate, 100 mM NaCl, pH 

7.3). 20 ml oftransglutaminase solution (20% w/w) were added, solutions thoroughly mixed, divided into 

t\vo 50 ml Falcon tubes and incubated overnight at room temperature. Final protein concentrations were 

65 mg/ml for moong bean protein, 18 mg/ml of leghemoglobin, 91 mg/ml total protein. 

[0040l]"White" muscle analog (Figure 12) was prepared by mixing 43ml moong bean protein solution 

(150mg/ml) with 45ml of 11.7 mg/ml solution ofleghemoglobin and 0.8 % (wt/v) oftransglutaminase 

solution. Final protein concentrations were 63 mg/ml for moong bean protein, 5.2 mg/ml of 

leghemoglobin, 68 mg/ml total protein. 

[00402] The "dark" muscle tissue analog formed an opaque gel of dark chocolate color, smooth uniform 

texture, with glistening surface, and a small amount ( < 1 ml) of dark red, venous blood colored liquid on 

top. The gel was freely standing, elastic but fragile, similar in appearance to thin Jell-O. The gel has a 

medium aroma with notes of beans and blood clearly discernible. The flavor is dominated by notes of 

beans and iron/blood, with weaker grassy and medicinal/chemical flavors. The taste is salty, with a long 

aftertaste of blood. 

[00403] The "white" muscle tissue analog was very similar, but with much lighter, cappuccino-like, color. 

It was also more fragile, 2-3-fold less strong against compression. 

[00404] Fat Tissue Analog 

[00405] Fat tissue analog using moong bean 8S globulin fraction was prepared as follows: 15 ml of 

moong bean protein solution (150 mg/ml in dialysis buffer) were mixed with 15 ml ofrice bran oil. 6 ml 

oftransglutaminase solution (20% w/w) were added, solutions thoroughly emulsified using a 

homogenizer (VWR) at speed #2. Emulsion was aliquoted into 1.6 eppendorf tubes and incubated 

overnight at room temperature. After that, tubes were heated at 95 °C for 5 min in a heat block, and 

allowed to cool down to room temperature on a bench. Final concentrations were 75 mg/ml for moong 

bean protein, 50% w/w oil. 

[00406] Fat tissue analog using pea globulin (100 mg/ml) was prepared by the same method. 

Additionally, fat tissue analog was prepared from pea globulin, and either rice bran or canola oil, in bulk 

by the same method, but without aliquoting emulsions into eppendorftubes. Instead, emulsions in 50 ml 

Falcon tubes were rotated overnight on a nutator, and were subsequently incubated at 90 °C for 30 min. 
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[00407] Fat tissue analog based on moong beans (Figure 13) and prepared in eppendorf tubes formed an 

opaque gel of off-white color, smooth uniform texture, with no visible discernible liquid that was not 

incorporated into the gel. The gel was freely standing, elastic and springy. The gel has a slight, pleasant 

aroma and a mild and pleasant flavor. The taste is mildly salty. 

[00408] Fat tissue analog based on pea globulin (Figure 14) and prepared in eppendorf tubes was very 

similar to moong bean-based fat analog, except that it gave up a little of oil upon compression. 

Fat tissue analog prepared in 50 ml Falcon tubes were similar in appearance, texture and aromas, but 

substantially softer (2-fold softer for canola oil, and 3-fold softer for rice bran oil, according to 

compressibility measurements). 

[00409] Connective Tissue Analog 

Connective tissue analog prototypes were developed using zein protein sourced from 100% yellow corn 

gluten meal, or from commercial sources, such as Amazein (Prairie Gold, Bloomington, IL). Zein 

proteins were solubilized in 70 - 90% ethanol with desired ratios at 1 :3 to 1 :5 (solids:solution). By 

precipitating zein proteins, for example by a change in pH, in a controlled manner, large zein structures 

result with physicochemical properties that can be manipulated as desired. For example, Figure 15 shows 

connective-tissue analog strands that were created using a 1 :3 ratio in 70% ethanol, loaded into a syringe 

with a 23 gauge needle (ID 0.337 mm). The solution was slowly extruded from the bottom of a 5 inch­

high vessel into an excess of 5 M NaCl solution. The ethanol-zein solution being less dense than the 

NaCl solution, floated upward, drawing out a fibrous stand of solidifying zein. The NaCl was constantly 

stirred as the strands began to develop to assist in the strand lengthening. The strands bunch together and 

become a hard, dense mass. 

[00410] Ground beefreplica prototypes made from gels of plant proteins and plant oils. 

[0041l]A ground beef prototype patty was made by combining 62% (wt/wt) muscle analog ( 62% 

(wt/wt) "dark muscle analog" and 38% (wt/wt) "white muscle analog"), 29% (wt/wt) fat tissue analog 

(from pea globulin and canola oil), 5% (wt/wt) connective tissue analog (Figure 16 panel A). A ground 

beef prototype patty was made by combining 62% muscle analog ( 62% "dark muscle analog" and 38% 

"white muscle analog), 29% fat tissue analog (from moong bean seed 8S protein and rice bran oil), 5% 

connective tissue analog (Figure 16 panel B). A ground beef prototype patty was made by combining 71 

% (wt/wt) muscle tissue analog (composed of 60% "white" muscle analog, 40 % "dark" muscle analog), 

23% fat tissue (from pea seed globulin proteins and canola oil) (Figure 16 panel C ). A ground beef 

prototype patty was made by combining 67% "White" muscle analog, with 28% fat tissue analog (from 

pea globulins and rice bran oil), (Figure 16, panel D) 

[00412] In a further test, the effect of cooking the ground beef replica patties was evaluated by grilling on 

a 350°F pan. A ground beef patty analog was made by combining 62% (wt/wt) muscle tissue analog 

(62% (wt/\¾i) "dark muscle analog" and 38% (wt/wt) "muscle analog"), 29% (\¾i/wt) fat tissue analog 

(from pea globulin and canola oil), 5% (wt/wt) connective tissue analog (Figure 17). The panel on the 
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left shows the patty before cooking and the panel on the right shows the same patty after cooking for 

about 2 minutes. Observers described the aroma of the cooking ground beefreplica as distinctly "beefy". 
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CLAIMS 

WHAT IS CLAIMED IS: 

1. A meat substitute composition comprising a protein content, wherein one or more isolated and 

purified proteins accounts for 10% or more of said protein content by weight, wherein said meat 

substitute con1position accurately mimics the taste, texture, or color of a n1eat product derived 

from animal sources. 

2. The meat substitute composition of claim 1, wherein said composition accurately mimics the 

color of said meat product in its raw state and in a cooked state after cooking. 

3. The meat substitute composition of claim 1, wherein said one or more isolated and purified 

proteins accounts for 25% or more of said protein content by weight. 

4. The meat substitute composition of claim 3, wherein said one or more isolated and purified 

proteins accounts for 50% or more of said protein content by weight. 

5. The meat substitute composition of claim 4, wherein said one or more isolated and purified 

proteins accounts for 75% or more of said protein content by weight. 

6. The meat substitute composition of claim 5, wherein said one or more isolated and purified 

proteins accounts for 90% or more of said protein content by weight. 

7. The meat substitute composition of claim 1, wherein gluten does not account for 10% or more of 

said protein content by weight. 

8. The meat substitute composition of claim 1, wherein each of said isolated, purified proteins is 

separately isolated and purified. 

9. The meat substitute composition of claim 1, comprising 1-7 isolated and purified proteins. 

10. The meat substitute composition of claim 9, wherein said 1-7 isolated and purified proteins are 

each isolated from different plant species. 

11. The meat substitute composition of claim 10, wherein said protein content comprises no more 

than trace amounts of any other proteins derived from the different plant species. 

12. The meat substitute composition of any claim 1, wherein said one or more isolated and purified 

proteins are selected from the group consisting of hemoglobin, myoglobin, chlorocruorin, 

erythrocruorin, neuroglobin, cytoglobin, protoglobin, truncated 2/2 globin, HbN, cyanoglobin, 

HbO, Glb3, and cytochromes, He11's gate globin I, bacterial hemoglobins, ciliate myoglobins, 

flavohemoglobins, ribosomal proteins, actin, hexokinase, lactate dehydrogenase, fructose 

bisphosphate aldolase, phosphofructokinases, triose phosphate isomerases, phosphoglycerate 

kinases, phosphoglycerate mutases, enolases, pyruvate kinases, glyceraldehyde-3-phosphate 

dehydrogenases, pyruvate decarboxylases, actins, translation elongation factors, ribulose-1,5-

bisphosphate carboxylase oxygenase (rubisco ), ribulose-1,5-bisphosphate carboxylase oxygenase 

activase (rubisco activase), albumins, glycinins, conglycinins, globulins, vicilins, conalbumin, 

gliadin, glutelin, gluten, glutenin, hordein, prolamin, phaseolin (protein), proteinoplast, secalin, 

extensins, triticeae gluten, zein, any seed storage protein, oleosins, caloleosins, steroleosins or 
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other oil body proteins, vegetative storage protein A, vegetative storage protein B, moong seed 

storage 8S globulin. 

13. The meat substitute composition of claim 1, wherein said one or more isolated and purified 

proteins are not isolated from an animal. 

14. The meat substitute composition of claim 13, wherein said one or more isolated and purified 

proteins are isolated from a single plant source. 

15. The meat substitute composition of claim 14, wherein said one or more isolated and purified 

proteins are isolated from multiple plant sources. 

16. The meat substitute composition of claim 13, wherein said one or more isolated, purified proteins 

are isolated from a genetically modified organism. 

17. The meat substitute composition of claim 16, wherein said genetically modified organism is a 

genetically modified bacteria or yeast organism. 

18. The meat substitute composition of any of the preceding claims, wherein said isolated, purified 

protein has been formed into fibers. 

19. The meat substitute composition of claim 18, wherein said fibers resemble skeletal muscle fibers. 

20. The meat substitute composition of claim 19, wherein said fibers are asymmetric fibers. 

21. The meat substitute composition of any of the preceding claims, fmiher comprising one or more 

isolated and purified iron-containing proteins. 

22. The meat substitute composition of claim 21, wherein said one or more isolated and purified iron­

containing proteins is selected from the group consisting of hemoglobin, myoglobin, 

leghemoglobin, non-symbiotic hemoglobin, chlorocruorin, erythrocruorin, neuroglobin, 

cytoglobin, protoglobin, truncated 2i2 globin, HbN, cyanoglobin, HbO, Glb3, 

Hell's gate globin I, bacterial hemoglobins, ciliate myoglobins, and flavohemoglobins. 

23. The meat substitute composition of claim 22, wherein said iron-containing protein comprises an 

amino acid sequence with at least 70% homology to SEQ ID NO 1. 

24. The meat substitute composition of any of the preceding claims, wherein said isolated and 

purified proteins are assembled into one or more gels. 

25. The meat substitute composition of any of the preceding claims, further comprising one or more 

fats. 

26. The meat substitute composition of claim 25, wherein said one or more fats are derived from a 

plant somce. 

27. A meat substitute product that comprises an indicator that indicates cooking progression from a 

raw state to a cooked state, wherein said meat substitute product is derived from non-animal 

sources. 

28. The meat substitute product of claim 27, wherein said indicator is a visual indicator that 

accurately mimics the color transition of a meat product during said cooking progression. 

29. The meat substitute product of claim 28, wherein said color transition is from red to brown. 
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30. The meat substitute product of claim 28, wherein said color transition is from pink to white or 

tan. 

31. The meat substitute product of claim 28, wherein said visual indicator transitions from a 

translucent to opaque color during said cooking progression. 

32. A meat substitute product of claim 27 wherein the indicator is an olfactory indicator that indicates 

cooking progression. 

33. The meat substitute product of claim 32, wherein said olfactory indicator is one or more volatile 

odorants released during cooking. 

34. The meat substitute product of any of claims 32, wherein said indicator comprises one or more 

isolated, purified iron-containing proteins. 

35. The meat substitute product of claim 34, wherein said one or more isolated, purified iron­

containing proteins is in a reduced state before cooking. 

36. The meat substitute product of 34, wherein said one or more isolated and purified iron-containing 

proteins is selected from the group consisting of hemoglobin, myoglobin, leghemoglobin, non­

symbiotic hemoglobin, chlorocruorin, erythrocruorin, neuroglobin, cytoglobin, protoglobin, 

truncated 2/2 globin, HbN, cyanoglobin, HbO, Glb3, cytochromes, Hell's gate globin I, bacterial 

hemoglobins, ciliate myoglobins, and flavohemoglobins. 

37. The meat substitute product of 36, wherein said iron-containing protein comprises an amino acid 

sequence with at least 70% homology to SEQ ID NO 1. 

38. The meat substitute product of claim 34, wherein said one or more isolated and purified iron­

containing proteins are not isolated from an animal. 

39. The meat substitute product of claim 34, wherein said one or more isolated and purified iron­

containing proteins are isolated from one or more plant sources. 

40. The meat substitute product of claim 39, wherein said one or more isolated, purified proteins are 

isolated from the root nodules, roots, seeds, leaves, or stems of said one or more plant sources. 

41. The meat substitute product of claim 40, wherein said one or more plant sources are soy or pea 

plants. 

42. The meat substitute composition of claim 39, wherein said one or more plant sources comprises 

one or more plants of the legume family. 

43. The meat substitute product of claim 38, wherein said one or more isolated and purified iron 

carrying proteins in a reduced or oxidized state has a similar UV-VIS profile to a myoglobin 

protein derived from an animal source when in an equivalent reduced or oxidized state. 

44. The meat substitute product of claim 43, wherein the difference between the peak absorbance 

wavelength of said one or more isolated and purified iron-containing proteins and the peak 

absorbance wavelength of myoglobin derived from an animal source is less than 5%. 

45. The meat substitute product of claim 38, wherein said one or more isolated, purified proteins are 

isolated from a genetically modified organism. 
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46. The meat substitute product of claim 45, wherein said genetically modified organism is a 

genetically modified bacteria or yeast organism. 

4 7. The meat substitute product of any of claims 1-46 wherein said meat substitute product contains 

no methylcellulose, no carrageenan, no caramel color, no konjac flour, no gum arabic, and no 

acacia gum. 

48. The meat substitute product of claim 47, wherein said meat substitute product contains less than 

1 % wheat gluten. 

49. The meat substitute product of claim 48, wherein said meat substitute product contains no wheat 

gluten. 

50. The meat substitute product of claim 49, wherein said meat substitute product contains no soy 

protein isolate. 

51. The meat substitute product of claim 49, wherein said meat substitute product contains no soy 

protein concentrate. 

52. The meat substitute product of claim 49, wherein said meat substitute product contains no soy 

protein. 

53. The meat substitute product of claim 49, wherein said meat substitute product contains less than 

5% carbohydrates. 

54. The meat substitute product of claim 49, wherein said meat substitute product contains no tofu. 

55. The meat substitute product of any of claims 1-46, wherein said meat substitute product contains 

no tofu, and no wheat gluten. 

56. The meat substitute product of any of claims 1-46, wherein said meat substitute product contains 

no soy protein, and no wheat gluten. 

57. The meat substitute product of any of claims 1-46, wherein said meat substitute product contains 

no animal products and less than 5% carbohydrates. 

58. The meat substitute product of any of claims 1-46, wherein said meat substitute product contains 

less than 1 % cellulose. 

59. The meat substitute product of any of claims 1-46, wherein said meat substitute product contains 

less than 5% insoluble carbohydrates. 

60. The meat substitute product of any of claims 1-46, wherein said meat substitute product contains 

no soy protein, and less than 1 % cellulose. 

61. The meat substitute product of any of claims 1-46, wherein said meat substitute product contains 

no soy protein, and less than 5% insoluble carbohydrates. 

62. The meat substitute product of any of claims 1-46, wherein said meat substitute product contains 

no wheat gluten, and less than 1 % cellulose. 

63. The meat substitute product of any of claims 1-46, wherein said meat substitute product contains 

no wheat gluten, and less than 5% insoluble carbohydrates. 
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64. A muscle tissue replica comprising a protein content, wherein said protein content comprises one 

or more isolated and purified proteins, wherein said muscle tissue replica approximates the taste, 

texture, or color of an equivalent muscle tissue derived from an animal source. 

65. The muscle tissue replica of claim 64, wherein said one or more isolated and purified proteins 

accounts for at least 50% of said protein content by weight. 

66. The muscle tissue replica of claim 64, wherein said protein content is derived from one or more 

non-animal sources. 

67. The muscle tissue replica of claim 66, wherein said one or more non-animal sources is a plant 

source. 

68. The muscle tissue replica of claim 66, wherein said one or more non-animal sources is a 

genetically modified yeast or bacteria. 

69. The muscle tissue replica of claim 64, wherein each of said one or more isolated proteins is 

isolated and purified separately. 

70. The muscle tissue replica of any of the preceding claims, wherein said one or more isolated 

proteins are selected from the group consisting of hemoglobin, myoglobin, chlorocruorin, 

erythrocruorin, neuroglobin, cytoglobin, protoglobin, truncated 2/2 globin, HbN, cyanoglobin, 

HbO, Glb3, and cytochromes, Hell's gate globin I, bacterial hemoglobins, ciliate myoglobins, 

flavohemoglobins, ribosomal proteins, actin, hexokinase, lactate dehydrogenase, fructose 

bisphosphate aldolase, phosphofructokinases, triose phosphate isomerases, phosphoglycerate 

kinases, phosphoglycerate mutases, enolases, pyruvate kinases, glyceraldehyde-3-phosphate 

dehydrogenases, pyruvate decarboxylases, actins, translation elongation factors, ribulose-1,5-

bisphosphate carboxylase oxygenase (rubisco), ribulose-1,5-bisphosphate carboxylase oxygenase 

activase (rubisco activase), albumins, glycinins, conglycinins, globulins, vicilins, conalbumin, 

gliadin, glutelin, gluten, glutenin, hordein, prolamin, phaseolin (protein), proteinoplast, secalin, 

extensins, triticeae gluten, zein, any seed storage protein, oleosins, caloleosins, steroleosins or 

other oil body proteins, vegetative storage protein A, vegetative storage protein B, and moong 

seed storage 8S globulin. 

71. The muscle tissue replica of claim 70, wherein said seed storage protein is moong bean 8S 

protein. 

72. The muscle tissue replica of claim 64, wherein said protein content is suspended in a gel. 

73. The muscle tissue replica of claim 64, wherein said protein content is in the form of a gel. 

74. The muscle tissue replica of claim 72 or 73, wherein said gel comprises an isolated, purified 

cross-linking enzyme. 

75. The muscle tissue replica of claim 74, wherein said isolated, purified cross-linking enzyme is 

selected from the group consisting of transglutaminase, lysyl oxidases, and amine oxidases. 

76. The muscle tissue replica of claim 75, wherein said isolated, purified cross-linking enzyme is 

transglutaminase. 
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77. The muscle tissue replica of claim 64, wherein said protein content has been assembled into 

fibers. 

78. The muscle tissue replica of claim 77, wherein said fibers are arranged isotropically. 

79. The muscle tissue replica of claim 78, wherein said fibers are asymmetric fibers. 

80. The muscle tissue replica of claim 64, further comprising one or more isolated and purified iron­

containing proteins. 

81. The muscle tissue replica of claim 80, wherein said one or more isolated and purified iron­

containing proteins is selected from the group consisting of hemoglobin, myoglobin, 

leghemoglobin, non-symbiotic hemoglobin, chlorocruorin, erythrocruorin, neuroglobin, 

cytoglobin, protoglobin, truncated 2/2 globin, HbN, cyanoglobin, HbO, Glb3, and cytochromes, 

Hell's gate globin I, bacterial hemoglobins, ciliate myoglobins, flavohemoglobins. 

82. The muscle tissue replica of claim 80, wherein said one or more isolated and purified iron­

containing proteins comprises an amino acid sequence with at least 70% homology to SEQ ID 

NO 1. 

83. The muscle tissue replica of claim 64, comprising a protein content, wherein (i) one isolated and 

purified protein that is not an iron-containing protein accounts for 40-95% of said protein content, 

(ii) one or more isolated and purified iron-containing proteins accounts for 1-20% of said protein 

content, and (iii) one or more cross-linking reagents accounts for 0.1-3 5% of said protein content. 

84. The muscle tissue replica of claim 64, wherein said protein content accounts for 5-50% of said 

replica by weight or by weight/volume. 

85. The muscle tissue replica of claim 83, wherein said one isolated and purified protein is moong 

bean 8S protein. 

86. The muscle tissue replica of claim 83, wherein said one or more isolated and purified iron­

containing proteins is leghemoglobin. 

87. The muscle tissue replica of claim 83, wherein said one or more cross-linking reagents is 

transglutaminase. 

88. The muscle tissue replica of any of claims 64-87, wherein said muscle tissue replica contains no 

methylcellulose, no carrageenan, no caramel color, no konjac flour, no gum arabic, and no acacia 

gum. 

89. The muscle tissue replica of claim 88, wherein said muscle tissue replica contains less than 1 % 

wheat gluten. 

90. The muscle tissue replica of claim 89, wherein said muscle tissue replica contains no wheat 

gluten. 

91. The muscle tissue replica of claim 90, wherein said muscle tissue replica contains no soy protein 

isolate. 

92. The muscle tissue replica of claim 90, wherein said muscle tissue replica contains no soy protein 

concentrate. 

93. The muscle tissue replica of claim 90, wherein said muscle tissue replica contains no soy protein. 
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94. The muscle tissue replica of claim 93, wherein said muscle tissue replica contains less than 5% 

carbohydrates. 

95. The muscle tissue replica of claim 90, wherein said muscle tissue replica contains no tofu. 

96. The muscle tissue replica of any of claims 64-87, wherein said muscle tissue replica contains no 

tofu, and no wheat gluten. 

97. The muscle tissue replica of any of claims 64-87, wherein said muscle tissue replica contains no 

soy protein, and no wheat gluten. 

98. The muscle tissue replica of any of claims 64-87, wherein said muscle tissue replica contains no 

animal products and less than 5% carbohydrates. 

99. The muscle tissue replica of any of claims 64-87, wherein said muscle tissue replica contains less 

than 1 % cellulose. 

100. The muscle tissue replica of any of claims 64-87, wherein said muscle tissue replica contains 

less than 5% insoluble carbohydrates. 

101. The muscle tissue replica of any of claims 64-87, wherein said muscle tissue replica contains no 

soy protein, and less than 1 % cellulose. 

102. The muscle tissue replica of any of claims 64-87, wherein said muscle tissue replica contains no 

soy protein, and less than 5% insoluble carbohydrates. 

103. The muscle tissue replica of any of claims 64-87, wherein said muscle tissue replica contains no 

wheat gluten, and less than 1 % cellulose. 

104. The muscle tissue replica of any of claims 64-87, wherein said muscle tissue replica contains no 

wheat gluten, and less than 5% insoluble carbohydrates. 

105. A fat tissue replica comprising a gelled emulsion, said gelled emulsion comprising a protein 

solution with fat droplets suspended therein. 

106. The fat tissue replica of claim 105, wherein said fat droplets are derived from a non-animal 

source. 

107. The fat tissue replica of claim 105, wherein said fat droplets are comprised of one or more plant 

oils. 

108. The fat tissue replica of claim 107, wherein said one or more plant oils is selected from the 

group consisting of com oil, olive oil, soy oil, peanut oil, walnut oil, almond oil, sesame oil, 

cottonseed oil, rapeseed oil, canola oil, safflower oil, sunflower oil, flax seed oil, algal oil, palm 

oil, palm kernel oil, coconut oil, babassu oil, shea butter, mango butter, cocoa butter, wheat germ 

oil, rice bran oil, oils produced by bacteria, algae, archaea or fungi or genetically engineered 

bacteria, algae, archaea or fungi, triglycerides, monoglycerides, diglycerides, sphingosides, 

glycolipids, lecithin, lysolecithin, phophatidic acids, lysophosphatidic acids, oleic acid, 

palmitoleic acid, palmitic acid, myristic acid, lauric acid, myristoleic acid, caproic acid, capric 

acid, caprylic acid, pelargonic acid, undecanoic acid, linoleic acid, 20:1 eicosanoic acid, 

arachidonic acid, eicosapentanoic acid, docosohexanoic acid, 18:2 conjugated linoleic acid, 

conjugated oleic acid, or esters of: oleic acid, palmitoleic acid, palmitic acid, myristic acid, 
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lauric acid, myristoleic acid, caproic acid, capric acid, caprylic acid, pelargonic acid, undecanoic 

acid, linoleic acid, 20:1 eicosanoic acid, arachidonic acid, eicosapentanoic acid, docosohexanoic 

acid, 18:2 conjugated linoleic acid, or conjugated oleic acid, or glycerol esters of oleic acid, 

palmitoleic acid, palmitic acid, myristic acid, lauric acid, myristoleic acid, caproic acid, capric 

acid, caprylic acid, pelargonic acid, undecanoic acid, linoleic acid, 20:1 eicosanoic acid, 

arachidonic acid, eicosapentanoic acid, docosohexanoic acid, 18:2 conjugated linoleic acid, or 

conjugated oleic acid, or triglyceride derivatives of oleic acid, palmitoleic acid, palmitic acid, 

myristic acid, lauric acid, myristoleic acid, caproic acid, capric acid, caprylic acid, pelargonic 

acid, undecanoic acid, linoleic acid, 20: 1 eicosanoic acid, arachidonic acid, eicosapentanoic 

acid, docosohexanoic acid, 18:2 conjugated linoleic acid, or conjugated oleic acid. 

109. The fat tissue replica of claim 108, wherein said one or more plant oils is rice bran oil or canola 

oil. 

110. The fat tissue replica of claim 105, wherein said protein solution comprises one or more isolated, 

purified proteins. 

111. The fat tissue replica of claim 110, wherein said one or more isolated, purified proteins accounts 

for 75% or more of the protein in said protein solution. 

112. The fat tissue replica of claim 112, wherein said one or more isolated, purified proteins are 

derived from a non-animal source. 

113. The fat tissue replica of claim 112 wherein said non-animal source is a plant source. 

114. The fat tissue replica of claim 110, wherein said non-animal source is a genetically modified 

yeast or bacteria. 

115. The fat tissue replica of claim 110, wherein each of said one or more isolated proteins is isolated 

and purified separately. 

116. The fat tissue replica of claim 110 wherein said one or more isolated proteins are selected from 

the group consisting of hemoglobin, myoglobin, chlorocruorin, erythrocruorin, neuroglobin, 

cytoglobin, protoglobin, truncated 2/2 globin, HbN, cyanoglobin, HbO, Glb3, and cytochromes, 

Hell's gate globin I, bacterial hemoglobins, ciliate myoglobins, flavohemoglobins, ribosomal 

proteins, actin, hexokinase, lactate dehydrogenase, fructose bisphosphate aldolase, 

phosphofructokinases, triose phosphate isomerases, phosphoglycerate kinases, phosphoglycerate 

mutases, enolases, pyruvate kinases, glyceraldehyde-3-phosphate dehydrogenases, pyruvate 

decarboxylases, actins, translation elongation factors, ribulose-1,5-bisphosphate carboxylase 

oxygenase (rubisco ), ribulose-1,5-bisphosphate carboxylase oxygenase activase (rubisco 

activase), albumins, glycinins, conglycinins, globulins, vicilins, conalbumin, gliadin, glutelin, 

gluten, glutenin, hordein, prolamin, phaseolin (protein), proteinoplast, secalin, extensins, 

triticeae gluten, zein, any seed storage protein, oleosins, caloleosins, steroleosins or other oil 

body proteins, vegetative storage protein A, vegetative storage protein B, moong seed storage 8S 

globulin. 
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11 7. The fat tissue replica of claim 116 wherein said one or more isolated, purified proteins is an 

albumin protein, a seed storage protein, or pea globulin protein. 

118. The fat tissue replica of claim 116 wherein said albumin protein is isolated pea albumin protein. 

119. The fat tissue replica of claim 116, wherein said seed storage protein is moong bean 8S protein. 

120. The fat tissue replica of claim 105, wherein said gelled emulsion comprises 

a) a protein solution comprising 1-3 isolated and purified proteins, wherein said solution accounts 

for 30-70% of the volume of said emulsion; 

b) a plant oil, wherein said plant oil accounts for 30-70% of the volume of said emulsion; and 

c) an isolated, purified cross-linking enzyme, wherein said cross-linking enzyme accounts for 

0.0001-1% of said emulsion by wt/volume; 

wherein said plant oil is emulsified in said protein solution, wherein said emulsion is formed into a 

gel by said cross-linking enzyme. 

121. The fat tissue replica of claim 105, wherein said gelled emulsion comprises 

a) a protein solution comprising 1-3 isolated and purified proteins, wherein said solution accounts 

for 1-30% of the volume of said emulsion; 

b) a plant oil, wherein said plant oil accounts for 70-99% of the volume of said emulsion; and 

c) an isolated, purified cross-linking enzyme, wherein said cross-linking enzyme accounts for 0.5-

0.0001-1 % of said emulsion by wt/volume; 

wherein said plant oil is emulsified in said protein solution, wherein said emulsion is formed into a 

gel by said cross-linking enzyme. 

122. The fat tissue replica of claim 105, further comprising a cross-linking enzyme. 

123. The fat tissue replica of claim 122, wherein said cross-linking enzyme is transglutaminase. 

124. The fat tissue replica of claim 120 or 121, wherein one of said 1-3 isolated and purified proteins 

is moong bean 8S protein, pea albumin protein, or pea globulin protein. 

125. The fat tissue replica of claim 120 or 121, wherein said plant oil is rice bran oil or canola oil. 

126. The fat tissue replica of any of claims 105-123, wherein said fat tissue replica contains no 

methylcellulose, no carrageenan, no caramel color, no konjac flour, no gum arabic, and no 

acacia gum. 

127. The fat tissue replica of claim 126, wherein said fat tissue replica contains less than 1 % wheat 

gluten. 

128. The fat tissue replica of claim 127, wherein said fat tissue replica contains no wheat gluten. 

129. The fat tissue replica of claim 128, wherein said fat tissue replica contains no soy protein isolate. 

130. The fat tissue replica of claim 128, wherein said fat tissue replica contains no soy protein 

concentrate. 

131. The fat tissue replica of claim 128, wherein said fat tissue replica contains no soy protein. 

132. The fat tissue replica of claim 131, wherein said fat tissue replica contains less than 5% 

carbohydrates. 

133. The fat tissue replica of claim 128, wherein said fat tissue replica contains no tofu. 
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134. The fat tissue replica of any of claims 105-123, wherein said fat tissue replica contains no tofu, 

and no wheat gluten. 

135. The fat tissue replica of any of claims 105-123, wherein said fat tissue replica contains no soy 

protein, and no wheat gluten. 

136. The fat tissue replica of any of claims 105-123, wherein said fat tissue replica contains no 

animal products and less than 5% carbohydrates. 

137. The fat tissue replica of any of claims 105-123, wherein said fat tissue replica contains less than 

1 % cellulose. 

138. The fat tissue replica of any of claims 105-123, wherein said fat tissue replica contains less than 

5% insoluble carbohydrates. 

139. The fat tissue replica of any of claims 105-123, wherein said fat tissue replica contains no soy 

protein, and less than 1 % cellulose. 

140. The fat tissue replica of any of claims 105-123, wherein said fat tissue replica contains no soy 

protein, and less than 5% insoluble carbohydrates. 

141. The fat tissue replica of any of claims 105-123, wherein said fat tissue replica contains no wheat 

gluten, and less than 1 % cellulose. 

142. The fat tissue replica of any of claims 105-123, wherein said fat tissue replica contains no wheat 

gluten, and less than 5% insoluble carbohydrates. 

143. A connective tissue replica, comprising a protein content comprising one or more isolated, 

purified proteins, wherein said protein content has been assembled into structures approximating 

the texture and visual appearance of connective tissue or skin. 

144. The connective tissue replica of claim 143, wherein said protein content is derived from non­

animal source. 

145. The connective tissue replica of claim 143, wherein said non-animal source is a plant source. 

146. The connective tissue replica of claim 143, wherein said non-animal source is a genetically 

modified yeast or bacteria. 

147. The connective tissue replica of claim 143, wherein said one or more isolated proteins account 

for 50% or more of said protein content by weight. 

148. The connective tissue replica of claim 143, wherein said one isolated and purified protein 

accounts for 90% or more of said protein content by weight. 

149. The connective tissue replica of claim 143, wherein each of said one or more isolated proteins is 

isolated and purified separately. 

150. The connective tissue replica of claim 143, wherein said one or more isolated proteins are 

selected from the group consisting of hemoglobin, myoglobin, chlorocruorin, erythrocruorin, 

neuroglobin, cytoglobin, protoglobin, truncated 2/2 globin, HbN, cyanoglobin, HbO, Glb3, and 

cytochromes, Hell's gate globin I, bacterial hemoglobins, ciliate myoglobins, flavohemoglobins, 

ribosomal proteins, actin, hexokinase, lactate dehydrogenase, fructose bisphosphate aldolase, 

phosphofructokinases, triose phosphate isomerases, phosphoglycerate kinases, phosphoglycerate 
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mutases, enolases, pyruvate kinases, glyceraldehyde-3-phosphate dehydrogenases, pyruvate 

decarboxylases, actins, translation elongation factors, ribulose-1,5-bisphosphate carboxylase 

oxygenase (rubisco ), ribulose-1,5-bisphosphate carboxylase oxygenase activase (rubisco 

activase), albumins, glycinins, conglycinins, globulins, vicilins, conalbumin, gliadin, glutelin, 

gluten, glutenin, hordein, prolamin, phaseolin (protein), proteinoplast, secalin, extensins, 

triticeae gluten, zein, any seed storage protein, oleosins, caloleosins, steroleosins or other oil 

body proteins, vegetative storage protein A, vegetative storage protein B, moong seed storage 8S 

globulin. 

151. The connective tissue replica of claim 150, wherein said one or more isolated and purified 

proteins is a prolamin family protein. 

152. The connective tissue replica of claim 150, wherein said one or more isolated and purified 

proteins is zein. 

153. The connective tissue replica of claim 143, wherein said protein content is suspended in a gel. 

154. The connective tissue replica of claim 153, wherein said gel comprises an isolated, purified 

cross-linking enzyme. 

155. The connective tissue replica of claim 154, wherein said isolated, purified cross-linking enzyme 

is selected from the group consisting of transglutaminase, lysyl oxidases, and amine oxidases. 

156. The connective tissue replica of claim 155, wherein said isolated, purified cross-linking enzyme 

is transglutaminase. 

157. The connective tissue replica of claim 143, wherein said protein content is formed into a fiber. 

158. The connective tissue replica of claim 157, wherein said fiber is produced by an extrusion 

process. 

159. The connective tissue replica of claim 157, wherein said fiber is stabilized by protein cross links. 

160. The connective tissue replica of claim 157, wherein said fiber contains an isolated, purified 

cross-linking enzyme. 

161. The connective tissue replica of claim 160, wherein said isolated, purified cross-linking enzyme 

is selected from the group consisting of transglutaminase, lysyl oxidases, and amine oxidases. 

162. The connective tissue replica of claim 161, wherein said isolated, purified cross-linking enzyme 

is transglutaminase. 

163. A meat substitute product, comprising: 

a) a muscle replica; 

b) a fat tissue replica; and 

c) a connective tissue replica; 

wherein said muscle replica, fat tissue replica, and/or connective tissue replica are assembled in a 

manner that approximates the physical organization of meat. 

164. The meat substitute product of claim 163, comprising two or more of said muscle replica, fat 

tissue replica, and connective tissue replica. 
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165. The meat substitute product of claim 163, wherein (i) said muscle replica accounts for 40-90% 

of said product by weight, (ii) said fat tissue replica accounts for 1-60% of said product by 

weight, and (iii) said connective tissue replica accounts for 1-30% of said product by weight. 

166. The meat substitute product of claim 163, comprising: 

a) 60-90% water; 

b) 

c) 

5-30% protein content; 

1-20% of a fat or fat replica; 

wherein said protein content comprises one or more isolated, purified plant proteins. 

167. The meat substitute product of claim 166, wherein said protein content is derived from non­

animal source. 

168. The meat substitute product of claim 167, wherein said non-animal source is a plant source. 

169. The meat substitute product of claim 167, wherein said non-animal source is a genetically 

modified yeast or bacteria. 

170. The meat substitute product of claim 163, wherein 50% or more of said protein content by 

weight are one or more isolated purified proteins. 

171. The meat substitute product of claim 170, wherein each of said one or more isolated proteins is 

isolated and purified separately from different plant species. 

172. The meat substitute product of claim 170, wherein one or more of said isolated proteins is 

selected from the group consisting of: hemoglobin, myoglobin, chlorocruorin, erythrocruorin, 

neuroglobin, cytoglobin, protoglobin, truncated 2/2 globin, HbN, cyanoglobin, HbO, Glb3, and 

cytochromes, Hell's gate globin I, bacterial hemoglobins, ciliate myoglobins, flavohemoglobins, 

ribosomal proteins, actin, hexokinase, lactate dehydrogenase, fructose bisphosphate aldolase, 

phosphofructokinases, triose phosphate isomerases, phosphoglycerate kinases, phosphoglycerate 

mutases, enolases, pyruvate kinases, glyceraldehyde-3-phosphate dehydrogenases, pyruvate 

decarboxylases, actins, translation elongation factors, ribulose-1,5-bisphosphate carboxylase 

oxygenase (rubisco ), ribulose-1,5-bisphosphate carboxylase oxygenase activase (rubisco 

activase), albumins, glycinins, conglycinins, globulins, vicilins, conalbumin, gliadin, glutelin, 

gluten, glutenin, hordein, prolamin, phaseolin (protein), proteinoplast, secalin, extensins, 

triticeae gluten, zein, any seed storage protein, oleosins, caloleosins, steroleosins or other oil 

body proteins, vegetative storage protein A, vegetative storage protein B, moong seed storage 8S 

globulin. 

173. The meat substitute product of claim 163, further comprising one or more isolated and purified 

iron-containing proteins. 

174. The meat substitute product of claim 173, wherein said one or more isolated and purified iron­

containing proteins is selected from the group consisting of hemoglobin, myoglobin, 

leghemoglobin, non-symbiotic hemoglobin, chlorocruorin, erythrocruorin, neuroglobin, 

cytoglobin, protoglobin, truncated 2/2 globin, HbN, cyanoglobin, HbO, Glb3, Hell's gate globin 

I, bacterial hemoglobins, ciliate myoglobins, and flavohemoglobins. 
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175. The meat substitute composition of claim 174 wherein said iron-containing protein comprises an 

amino acid sequence with at least 70% homology to SEQ ID NO 1. 

176. The meat substitute product of any of claims 163-175, wherein said meat substitute product 

contains no methylcellulose, no canageenan, no caramel color, no konjac flour, no gum arabic, 

and no acacia gum. 

177. The meat substitute product of claim 176, wherein said meat substitute product contains less 

than 1 % wheat gluten. 

178. The meat substitute product of claim 177, wherein said meat substitute product contains no 

wheat gluten. 

179. The meat substitute product of claim 178, wherein said meat substitute product contains no soy 

protein isolate. 

180. The meat substitute product of claim 178, wherein said meat substitute product contains no soy 

protein concentrate. 

181. The meat substitute product of claim 1 78, wherein said meat substitute product contains no soy 

protein. 

182. The meat substitute product of claim 181, wherein said meat substitute product contains less 

than 5% carbohydrates. 

183. The meat substitute product of claim 178, wherein said meat substitute product contains no tofu. 

184. The meat substitute product of any of claims 163-175, wherein said meat substitute product 

contains no tofu, and no wheat gluten. 

185. The meat substitute product of any of claims 163-175, wherein said meat substitute product 

contains no soy protein, and no wheat gluten. 

186. The meat substitute product of any of claims 163-175, wherein said meat substitute product 

contains no animal products and less than 5% carbohydrates. 

187. The meat substitute product of any of claims 163-175, wherein said meat substitute product 

contains less than 1 % cellulose. 

188. The meat substitute product of any of claims 163-175, wherein said meat substitute product 

contains less than 5% insoluble carbohydrates. 

189. The meat substitute product of any of claims 163-175, wherein said meat substitute product 

contains no soy protein, and less than 1 % cellulose. 

190. The meat substitute product of any of claims 163-175, wherein said meat substitute product 

contains no soy protein, and less than 5% insoluble carbohydrates. 

191. The meat substitute product of any of claims 163-175, wherein said meat substitute product 

contains no wheat gluten, and less than 1 % cellulose. 

192. The meat substitute product of any of claims 163-175, wherein said meat substitute product 

contains no wheat gluten, and less than 5% insoluble carbohydrates. 

193. A food product comprising one or more isolated, purified iron-containing proteins, wherein said 

food product is configured for consumption by an animal. 
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194. The food product of claim 193, wherein said one or more isolated, purified iron-containing 

proteins is derived from a non-animal source. 

195. The food product of claim 194, wherein said non-animal source is a plant source. 

196. The food product of claim 195, wherein said plant source comprises one or more plants of the 

legume family. 

197. The meat substitute product of claim 196, wherein said one or more plants of the legume family 

is a soy or pea plant. 

198. The food product of claim 194, wherein said non-animal source is a genetically modified yeast 

or bacteria. 

199. The food product of claim 193, wherein said iron-containing protein is selected from the group 

consisting of hemoglobin, myoglobin, leghemoglobin, non-symbiotic hemoglobin, 

chlorocruorin, erythrocruorin, neuroglobin, cytoglobin, protoglobin, truncated 2/2 globin, HbN, 

cyanoglobin, HbO, Glb3, and cytochromes, Hell's gate globin I, bacterial hemoglobins, ciliate 

myoglobins, flavohemoglobins. 

200. The food product of claim 193, wherein said iron-containing protein comprises an amino acid 

sequence with at least 70% homology to SEQ ID NO 1. 

201. The food product of any of claims 193-200, wherein said product contains no methylcellulose, 

no carrageenan, no caramel color, no konjac flour, no gum arabic, and no acacia gum 

202. The food product of claim 201, wherein said food product contains less than 1 % wheat gluten. 

203. The food product of claim 202, wherein said food product contains no wheat gluten. 

204. The food product of claim 203, wherein said food product contains no soy protein isolate. 

205. The food product of claim 203, wherein said food product contains no soy protein concentrate. 

206. The food product of claim 203, wherein said food product contains no soy protein. 

207. The food product of claim 206, wherein said food product contains less than 5% carbohydrates. 

208. The food product of claim 203, wherein said food product contains no tofu. 

209. The food product of any of claims 193-200, wherein said food product contains no tofu, and no 

wheat gluten. 

210. The food product of any of claims 193-200, wherein said food product contains no soy protein, 

and no wheat gluten. 

211. The food product of any of claims 193-200, wherein said food product contains no animal 

products and less than 5% carbohydrates. 

212. The food product of any of claims 193-200, wherein said food product contains less than 1 % 

cellulose. 

213. The food product of any of claims 193-200, wherein said food product contains less than 5% 

insoluble carbohydrates. 

214. The food product of any of claims 193-200, wherein said food product contains no soy protein, 

and less than 1 % cellulose. 
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215. The food product of any of claims 193-200, wherein said food product contains no soy protein, 

and less than 5% insoluble carbohydrates. 

216. The food product of any of claims 193-200, wherein said food product contains no wheat gluten, 

and less than 1 % cellulose. 

21 7. The food product of any of claims 193-200, wherein said food product contains no wheat gluten, 

and less than 5% insoluble carbohydrates. 

218. A method of making a meat substitute composition, comprising: 

a) isolating and purifying one or more proteins; and 

b) assembling said one or more proteins into a physical organization that approximates the physical 

organization of meat. 

219. A method of making a muscle tissue replica, comprising: 

a) isolating and purifying one or more proteins; and 

b) assembling said one or more proteins into a physical organization that approximates the physical 

organization of skeletal muscle. 

220. A method of making a fat tissue replica, comprising: 

a) isolating and purifying one or more proteins; 

b) preparing a solution comprising one or more proteins; 

c) emulsifying one or more fats in said solution; and 

d) stabilizing said solution into a gelled emulsification with one or more cross-linking reagents. 

221. A method of making a connective tissue replica comprising: 

a) isolating and purifying one or more proteins; and 

b) precipitating said one or more proteins, 

wherein said precipitating results in said one or more proteins forming physical structures 

approximating the physical organization of connective tissue. 

222. The method of claim 221, wherein said precipitating comprises 

a) solubilizing said one or more proteins in a first solution; and 

b) extruding said first solution into a second solution, 

c) wherein said one or more proteins is insoluble in said second solution, wherein said extruding 

induces precipitation of said one or more proteins. 
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(ZHANG, Ping); cp OO_t;~ITTffl~J.r;Ji!! 130 %, Shanghai 
200237 (CN)o 

(74) f\!mA: ...t.t¥1fllJif!~•*mfl"lll*-aJ (SHANG­
HAI PATENT & TRADEMARK LAW OFFICE, 
LLC); cp 00 _t ;~ ITT ,It f li't 435 % , Shanghai 200233 
(CN)o 

(81) 11l~i;ii <Pi~~t~aJJ, ~*~~fifiPJ-tJ.H~i't<.JOO~f* 
tf' ): AE, AG, AL, AM, AO, AT, AU, .A.Z, BA, BB, BG, 
BH, BN, BR, BW, BY, BZ, CA, CH, CL, CN, CO, CR, 
CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG, ES, FI, GB, 
GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS, JP, 
KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT, 
LU, LY, TvIA, MD, ME, MG, MK, MN, MW, MX, MY, 
MZ, NA, NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, 
QA, RO, RS, RU, RW, SC, SD, SE, SG, SK, SL, SM, ST, 
SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VC, VN, ZA, ZM, ZW a 

(84) ifl~i;ii cPi~~t~aJJ, ~*~~fifiPJ-tJ.H~Et<.J±t!11:8:f* 
tf'): ARIPO (BW, GH, GM, KE, LR, LS, MW, MZ, NA, 
RW, SD, SL, SZ, TZ, UG, ZM, ZW), ©,: _ill'. (AM, AZ, 
BY, KG, KZ, RU, TJ, TM), JR,Xj;H·I (AL, AT, BE, BG, CH, 
CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, 
IS, IT, LT, LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, 
RS, SE, SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, Cl, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG)a 

*mlJft**= 
'ELttOO ~;;j;i'ft~tli ~C~~~~ 21 ~(3))o 

'EL1titl a}J ~ f¥3'U*:t'f~ ?J'(~ffilJ!Ll 5.2(a)) a 

~ (54) Title: METHOD OF ELIMINATING DEPENDENCE OF METHANOL INDUCED PROMOTER ON SINGLE METHANOL 
N CARBONSOURCE 

t-
00 
0 
0 -­"'T 
~ 
0 
N 

0 
~ 

(57) Abstract: Provided is a method of eliminating the dependence of methanol induced promoter on a single methanol carbon 
source for expressing foreign polypeptide. The method comprises activating the expression of the promoter requiring methanol in­
duction by increasing the expression quantity ofMitl polypeptide in cells ofmethylotrophic yeast, such that the promoter originally 
depending on methanol induction no longer depends on single methanol and can also express foreign polypeptide. 

(57) ••= -tRd~ 7 ~frfi¥1'JPiJ:¥ Mi%~~taiJJ-=F ~~ 1:¥ M~i~1:tf\f!ffi.tl:rm*:it:JHm% Jiti't<.JJJi~o ~77;)$Jmi1tf 1:¥ M 
~~~-~~ffl~~~~1%Jtt8<.J*:it:~.•m~~J:¥M~~Et<.Jta~-=FEt<.J*:it:,~ffl~*~•~iw~~Et<.Jta~ 
-=F /f .J:l} f~ liifi1 ~~·rt!: 1:¥ Mill PJ l::f ~it: Jr illR % Jtt o 
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tt*®!~ 
*~~~r±~I~~~; ~A~~. *~~~~-#ffl~~ff~~M~M 

-=r- • - ~ j!g~Lp)T( ~ t& ~ tt rro * ~ &r ~ $ Ht a1-J n 1.t 0 

~ ff,g~MM£t(§t5 Pichia, Hansenula, Candida, Torulopsis ~)*~*tJE 

EB T Jt ra'J ~f $1,_J 5'r ~ $ ijjc * itJm jJ E ~ fr I~± F " mLl ~ ~ 1N )Bjt *~ ~ F ffi J iz al,_] iE m 0 

Jtt~ ,Bfrr, B1fJ1ffl~fi~~$*~ ~j!gf ra'J~f~~ Ef{_J ~ Mr(AOXJ ~ i}J-y" DHAS ~ i}J 

10 r" FDH ~i}J-y" MOX ~i}J-y" AOX2 ~i}J-y" ZZAJ" PEX5-, PEX8-" PEX14-

~ i}J-y~), * _E_[j~Ji~ ~ Mr F~1-&~ ~ff, JtBii)T(~("tiOliflijM, itfB3~)~=t!1JmLl 
i:3:Ji~ ~ i}J-yE[{_J*~o 

~~~~~mal,_]•~· ~ffl~ff±F•~~m~. ~*~ra'lazm~~m~ 
¥ ,g ~ M -at M-Bt *j:t,* ~* ~-tio .tl:tz $ al,_] &r ~$Ht. ~ !El A Jt A~ Jt1m * ~ * ~ 

15 ~eyIBfflal,_Jft~: ¥1El~~ffl•, *~$tt*~~ra'J, ~ey~~~*~' mey~ 
5J\.r:-0*J:t.; &rvl $ H-k¥ !El ~1tii5E; 1t A •tt*J:t.*tJE, A~•tt ±~ Ef{_J SllZ~~ 

~~. A~M¥~"m@M~"m~~~~~o~m•~~I~~; 
EB r *~5tU m al,_] m tlfil ~ * ~, , fr* ~~ al,_]~ M JJ_£ =k rt f~ q:i ~ JU 1l1 $ fciJ ~: (1) * 

~mmal,_J~M-=r-m~~ffa{_J~~. ~ff~-~~. fr=k~ffiI~~Mq:im~*ff 
20 *'f:jjLJ s1-J oo :ld1tit: (2) ~ WJ~M5si~~, -filz3i:ffl A:S::~ s1-Jim.E(~fo ~ra'Jt1zif 1l1 

*~~~~$1,_Jm*rrom~m~~. ~ff~wm~~~Ef{_J~~lif~MA~~mm~ 
E(~Ef{_J ~~ffloffl~al,_J~ff~$~~al,_J~~~$, i:3:~*~$1,_JI~~±F~* 
1l1_:k${_J ~i~ 0 :1j 5'r¥~~ E[{_J ~ff~$ ?JfF E[{_J~~ fil~A, Pffmtx ~ B<J1~!P fmn ~* 
~ ra'J; (3) ~ jlljJ1t A-tir~frn 1t.'¥F ~, ~:©:itf-Ji~* ~1N~i~1Jo:1fU B1-J±F: (4) 

25 ~ W¥1~i3Jf~F± H2O2, ~~3&m*~$ H-k Ef{_J7J(ffff o 

!El Jl:t, -tio * 1f Jrj - # fi~ fiJ$ 5tU m ~F ~ w, ~ ~ ~ w, ~ ~ M ~ Mr*~ E[{_J 7J r* , 1~ 

~**~~ff~~al,_J~Mra{_Jra'J~ttz~~f&~r~ff, rroeymJt~~~*~~i:3: 
Ji~~ MT s<J * ~, i:3:x1 T * :EJR.I ~ J: 5tU m ~F ~ ff ra'J ~f * ~ 5'r ~ $ ij-fc A~ ;f_Q tlz ~ 51... 0 

30 ttlffl P3 ~ 
*~~$1,_J§Ef{_Jfrf~~-#ffl~~ff~~M~Mr•-~D~~f&~ttrro~ 
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'i9] ~ g![Ji~~ruJa Z9]-f"~Q5.>1r~$ ~ts{J1fi'!o 

*~~~~-§~~frr~~mm~~Bff~rum~. ~ey~~mm~~B 

~~ruJa'i9J-=f•-~B~~*~fi*~Ji5,*~$fto 
~*~~~ffi-1fffi, ~~-~ffl~~ff~~ruJa'i9J-=f•-~B~~*~tt 

5 rm I,m: 'i9J >'r ~$Ht ffi 11fh ¥ IE! ~ it s{J 1f r* • "El. t3 = 

o) t~d# ~w,ff~rum~. PfiJ£ ~g![Jff~rum~1,;-~ = 

~j:k~ L ~~Q5.>7r~~ Mitl $Ht: ~& 

~j*~ 2, "El.t3 ~ B~~ru1a iJJ-=f & ~ z~11:tta:t~s{J>1r1J]f $ Htffi:Pfh¥1El: 

c2) frx ~w,~1tf:~~F•- ~ff11)k~~1tf:r:l:if~(1)s{_J ~ g![Jff ~rum~ a 

10 fr-~1Jtmd1Ll ~, m:i£ ~ Mitl $ Ht~~~i~}~t§ * [El-=f, 1!1i ~*1;&~ ~ w, 
~~ 13{_] Ja i}J-=f ~11}*~ ~ WJfil ey~Ji5,Jr~$ Hto 

fr~ -1Jt ~ WLl ~ , J=ifr 5£ 13{_] Mi t 1 $ ijt 13{_] r}J fJt A : 1ji m ~ Wt f~ i~t ~ mi~ ~ @$ ~ ~ 

~ Ja i}J-=f~i6 0 

fr~-1Jt~11Ll~, J=ifij£13{_J Mitl ~ PpMitla 

15 fr~-1Jt~11u ~. J=iJr:J£*i6~ 2 fr ~ff ff ~rum~~ ~•:t~ Jn~$1~ Jnt¥fr, 
f1Ll Po 1-2 o t~ IJL Po 1 5 , 1 o , 8 , 6 , 5 , 3 , 2 t~ Jn o 

fr~ -1Jt~f1Ll ~, ?fr 5£ 13{_] ~ WJ ~ ~ ru Ja i}J-=f § tE ( {S ~ P~ T) : A OXJ la i}J-=f, 

DHAS ]ai}J-=f, DAS )ai}J-=f, FDH )ai}J-=f, FMDH )ai}J-=f, MOX ]ai}J-=f, AOX2 

)ai}J-=f, ZZAJ, PEX5-, PEX8-, PEX14-Jai}J-=f, PMP20 )ai}J-=f, PMP47 )ai}J-=f, 

20 AODJ la i}J-=f, AOD2 la i}J-=f o 

fr~ -1Jt~Wtl ~, J=ifr;£ 13{_] ~ WJff ~ruM~"El.tE (1S ~ r~ T): *$M~(Pichia), 

t'X~ M~(Hansenula), 1~ f'f' ff~( Candida), :E3j(;J'f,J, M~(Torulopsis); ~1:t:l:11!, m:i£ 
~*wff~(Pichia)"El.tE({S~p~T): GSl 15, MIGJ £1E!lO MIG2 £1El~~ji5,13{_J* 

wff~(l1migll1mig2), NRGJ £[El, MIGJ £1E!lO MIG2 £1El~*i6~-$$ff~ 

25 (11migll1mig2!1nrgl), ~ HXSJ £[El~~J.68{]*$ff~ffi~o 

fr~ -1Jt~Wtl ~, 5£ 13{_] Mitl $Ht~§ r ~ii: 

(a) SEQ ID NO: 2 m~~¥~ff:?U8{]$ijt: ~ 

(b) i~ SEQ ID NO: 2 m~~£~ff:?Ut2rl-~~$~(izO 1-30 ~, ~ 1:t:l:11! 1-20 

~. ~f:t:l:11! 1-15 ~. ~f:t:rfu 1-10 ~. ~f:t:l:11! 1-5 ~~ 1-3 ~)~¥~ti£${_JJRf~, 

30 ~~~~normHinx:0{], liJl-~lum ~F ~ff~~~~ ~w,~~ru1a iJJ-=f*i6>'r~$ 

H-tr}JtJ~~ E13(a)1rf ±81 $Ht: 
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(c) ~(a)rlRJEB<Jff:YLlfr~~ 70%12Lt.(~1i:cfu 80%1J.J:, ~ 11:cfu 90%1J.J:, ~ 

11:l:lli 95%1J.J:, ~11:l:lli 98%1J.J:, -tzo 99%Ex:~ra'J)El<Jff:YU~§l!P]tts<J, li~~:fUffl~F 

I:¥ Wt~~~~ I:¥ ff~~ ~ls ~JJ-r~~Yr1»¥-~ Htr}J ff~s<J El3 (a}1if ± s<J ~ Ht o 
fr~-fjt~fytl r::p, ,P}r~ B<J Mitl ~ Hi s<Jffi:P-½¥ l2SI s<J NCBI Reference Sequence 7'J 

5 XM 002493021.1 o 

fr~-{jt~,Wtlr::p, Jo/r~s<J Mitl ~HiB<Jffi:P-½£12Sl~~ SEQ ID NO: 1 ffr7J'(Ef{_J,t~ff 
ffllffylj o 

fr ~ - 1Jt ~ fytl r::r , Mr~ s<J Mi t 1 ~ Ht s<J ffi :P-½ ¥ l2SI fr I:¥ WJ H fr B1J'tl or. ~ ~ ~ ~ 
~. fr~~,ffi~-~~~7¥frs<JM&~~~~o 

1 o fr~ -tt~Wd r::r , ,P}r ~ 81 ~ ~ ~ 1 r::r , '§ tr1i ls ~}J-y lJ. R. ~ z ~ 1t tt at~ s<J Mit 1 

~ Bi s<J ffi ~ ¥ l2SI : ~ 11 :l:11! , i~ ls ~)J r '§ tr1i ( {E ~ rlR r): ffl w: ~ fi3 ~)Jr , ~~~ls 

~r, ffl~Ex:-~~#ttls~r, ~~~#tt~~ls~ro 
fr~-{jt~,Wtlr::p, ~~~ 1 r::p, Jo/r~ls~)J-=f'§tr1i({S~p[R-y): GAP ls~}J-y, PGKJ 

ls ~}J-y, MITJ ls ~)J-=f~{f~ ff~ff MITJ i1~~81ls ~)J-=f o 

15 fr~-tt~~r=r, m~s<J~~~•fr1=¥'ffff~~•£tr::rIJ.•~mEx:~~mZ¥ 
fr , fytl -tzo 1-2 o t~ m , -tzo 1 5 , 1 o , s , 6 , 5 , 3 , 2 t~ m a 

fr~-tt~,Wtlr::p, w#f(2)r=f=1, *fflf¥fr~1HilO/Ex:ffl~ffis<JM£t:l:!~¥0 

fr:_:$:~ a)§ s<J ~-Jjffi, ~{# Mitl ~ HiEx:Jtffi:P-½¥12Sl s<Jffl ~. ffl rf~ ~ 1=¥'WJ~ 

~~ls ~JJ -=r •- I=¥ ff~~ 1;& ~,~rm~~ ~JJ Yr~ ~ Ht ffi :P-½ ¥ 12S1 ~ ~ 0 

20 fr:_:$:~~s<J~-1Jffi, ~~-#mffls<J1=¥'ffff~~M£t, Wr~1=¥'ffff~~M 

£t1s~: 

~~~ L Jtfi~0$~~Yr~B<J Mitl ~ij;t; IJ.R. 

~~~ 2, '§1r1i 1=¥ ff ~~~ls ~JJ-=r 22. ~z~1ttta:t~s<JYr~~Btffifi-½¥GS1 a 

fr-1-'1Jt~fytl r::p, J=ifr~ B<J I:¥ W1ff ~~ M-Bt'§ tr1i ({E ~ r~ r): 1¥~M-Bt(Pichia), 

25 1x.ili M-Bt(Hansenula), 1~ ~i M-Bt( Candida), :l:33(1'_~ M-Bt(Torulopsis); ~11:cfu, ?fr~ 

s<J1¥~M£t(Pichia)'§tr1i({E~p~r): OSI 15, MIGJ £12Sl;fO MIG2 £12Sl~~~B11¥ 

~M-Bt(Amig1Amig2), NRGJ £!2SI, MIGJ £12Sl;fO MIG2 ¥12Sl~~~B11¥~M£t 

(Amig1Amig2Anrgl), Ex: HXSJ £!2Sl~~~s<J1¥~M£tffi~o 

fr --t-1Jt ~ ,Wtl r::p , Jo/r ~ a<] J=iJr ~ a<] MIG 1 £ l2SI a<] t~ ff ffll ff YU -tzo SEQ ID NO: 9 J=ifi 

30 71'(; 
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?Jri£s{_J HXSJ £~ sl,_Jt~ff®ffYLl"fto SEQ ID NO: 3 Mf 10 0 

?Jr it Ef{_J NRG 1 £ ~ E[{_] tt ff® ff YU °ftO SEQ ID NO: 8 Mf 7K (NCBI Reference 

Sequence: XM_002493138.l)a 

*~~E[{_J~~~ffi~~*~E[{_J0ff~~. ~*~~E[{_Jtt*A~W~~HW~ 
5 m s<J 0 

~oo-miw 
00 1 , pG AP ZaA E[{_J J9i ;ffI 00 if 1K ~ 00 o 

00 2, ~~ pAG32 s{_JJ9i;ffI00il10~00 o 

1 0 00 3, fl'±.~& GS 115-MIT 1 7J\.jjLJfr~F 1:¥' WJE,lt ff 1:¥' W:f(if 183 + 1:¥' W:f)B<J :l:if ~£ q:i 

:b-Z~, 3t:itt1-r Aox HB&fi\Zs{_Jtr1t*" 
00 4, fl'±~& GS115-MIT1 )tjjljfr~Fl=¥'BE,ltffl:¥'BBl,_J:b-Z~£q=i:l:if~, 3t:itt 

1-r Aox m ;~ 1ffi.tl IE s<J ~ * o 

00 5, ffi~ GS115-MIT1-GFP fr YND ¥~~:l:if~£q:ii1~t]Jt:l:if~, ftf§7J\.jjlj~ 

15 ;f$ ~ ~ F 1:¥' WJ E,\Z ff 1:¥' WJ Ef{_J :1:i'f ~ £ q:i :l:if ~ , 1tX f=p J§ J=i=H!rt :i:tJffi ijfil {){_ till: 1JJ1tl f=p ~ q:i G FP E[{_J JL 

16-T f :l:)J ,JR 1t 5lil oc 0 

00 6, Jt'±~& Amig1Amig2-MIT1 ;fO Ahxsl-MITl ffi~5tJJIJfr~Fl=¥'WJE,ltffJ:¥1 

B B<J :1:i'f ~ £ q:i :l:if ~, '±. ff: Jrj xi lt '±. tfJl:,A J§ 1tX f=p 1 ml. fr~ ,c,, J§ B<J ffi ~ q:i ;JO A Aox 

mi~HB1&HB0 

20 00 7, J-f'±~& Amig1Amig2-MIT1 ;fO Ahxsl-MITl ffi~73\.JJljfr~Fl=¥'BE,ltff1=¥' 

WJ Ef{_J :l:if ~ £ q:i :1:i'f ~ , '±. ff: JU xi ii'±. ff: 1A J§ ItX f=f: t~ 1tX /if!, ~ El , .if?. Bradford 1-! ~ El IE 

~J§:itt1T Aox @@=ms<J1JJ1tl1E" 

00 8, Jt'±~& Amig1Amig2-MIT1 ;fO Ahxsl-MITl ffi~73\.§Jljfr~Fl=¥'BE,ltff1=¥' 

m: s<J :l:if ~ £ q:i :l:if ~ ' 1tX f=p J§ ffl yfrE :rt m Bfil V( till: iJJ1H¥ ~ q:i G FP E[{_J JL {Pf f :I:)] 'R 1t slil oc 0 

25 00 9, ~~ pPIC3.5K Ef{_JJ9i:tfIOOif10~00" 

00 10, ~~ pUC18 Ef{_JJ9i:tfIOOi-wf7K~OO 

00 11, fl'±~& Amigl Amig2Anrgl-MIT1 ffi~)tjjljfr~F 1:¥' j!gJE,\Zff 1:¥' j!g:f s{_J:l:if~ 

£ q:i :l:if ~, '±. ff: JrJ xi~'±. ff: 1A J§ ItX f=f: m 1tX /if!,~ El , &'.2. Bradford ~ ~ El J£ ~ J§ :itt 1-r 

Aox @@=f~ s{_J 1ffi.tl IE o 

30 00 12, fl'±~& Amigl Amig2Anrgl-MIT1 ffi~)tjjljfr~F 1:¥' BE,!tff 1:¥' WJ s{_J:l:if~ 

£ q:i :l:if ~ , 1tX f=f: J§ ffl yfrE :it tffi ~fil {x till: 1JJ1tl f=f: ~ q:i G FP B<J JL {Pf f :I:)] 'R 1t 5£ 0C o 
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A~~ 1ifli1J ~ 
71 T 5'[ij~ § ~u f:¥ffllm~rula iJJrtE1ixMa1x-&rf:¥ w,m~ 011«wJ1·tt, *tlaJ§A 

~tt~A~~~.-~T-~ffl~f:¥fflim~rulaMr•-f:=j3fflI~~*~tt~~tt, 

5 :ii. i1 tE f:=l3 WJ Et :ff ru Wf fft ~ffi ijfil pg :lf/ 1Jo Mit 1 ( f:=l3 WJ m ~ 81 $# ~ 129 r 1 : Methanol Induced 

Transcription Factor l)~ £:k 81ztj;t_~, 1jim f:=l3 WJ1~ijf ~ ~~•- f:=l3 ffllm~ 81 la i}J-y 

ztJ:t., IV-JJt111, ~*1«~ f:¥ w,m~ 0<.J la iJJr~1'}1«~ f:¥ w,m ey ztj:t.:>1~~ ~ £:k 0 

*ia 
10 ~*xmm, m~~"laMr"£ffi-~~nff~. ~:im~fftEr§~¥129 

ffi~fhff~U 81LW(5'YJ'm), fJ~iiJ$'7[ ~t~nff~Ll$#~71 mRNAo -flt,;t:1:ih, la Mr~la 

Mr~~~~A•*•~~~~~$#~m~m~~~129r~m~N~otE*X 

~. m~~laMr~laMr~§~laMr~mtt~#~. ~~#~PJ'IV-£~~11x 

1±0<.J~N~#~~~F~P~1Jx1±01~#~0 J=ifr~~#~§tJS!fX1~~#~, ~x~# 

15 ~:;fO-tffiA~#~ o 

~*xmm,m~~"f:¥fflim~rulaMr"£~f:¥fflI~W~*~D~laMra 

tE :E,Yl ~ ~ * ~ ' i! .U:tJ la i}J T :ii. i1 rtJ ± * :1:i :ff¥~ i~ 1Jo f:=j3 WJ' ey ~ n tLl )'~ ~ ~ £:k EB 

m~laMr~ztJ:t.om~~"f:¥fflim~rulaMr"PJ'~El3*~~~:t:A~~ffl~ 

tJJl ~ :t: tA Mfft ~ft~~ 1i o 

20 im*xmm. J=iJr~01 "•-f:¥fflIC~~)m~" £1~laiJJrm~IV-f:¥WJ711Jl-

11ffe ~ :itt tr m ~*#IR i}J ~ z 1* 1'F ·tt at~ 81 ¥ 129 81 zt J:t. , tE ~ F f:¥ fflI 71 JJl-1iffe ~ (PO f:¥ fflI 

+ffi.ffi)~*#r~~~MSjz.ffi~tta~~¥129~ztJ:t.om~~"ffl~•-f:¥ 

ffllm~" £1~111i la iJJrtE~ IV- f:=l3 ]1171 Pl-1iffi~(Po f:=l3 WJ+lm•M, ~lm-ffi, ~ 

it1m)81*1tf:rgJtPJ'~IRM Sj Zt*1'F·tta:t~~¥129 01ztJ:t.o "~F•- f:¥W1(~~)~~" 

25 £1~~T f:¥WJ~~:>7~, ~fftE~d>-1rf1~Ff:¥WJ01~~0 

~*xmm. m~~ .. m~rulaMr"£ffitE~Wnr~~m~•~~tlff 

~~~¥129ztJ:t.&~~~&#~-~laMra 

~*xmm, m~~"m~rulaMr"PJ'@ffim~tE~5E~~1±*~~~~ 

5E 1±-tf:If mr. ,~~m~¥129 $#~ 01 "3f,, Sj ,, *" ~~ "ra'J,, Sj "1r£,, 0 :tiffi 

30 *~· PJ'~~~rulaMrft71~~fftE~laMr~AI~~~laMro 
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~*xmm, m~~"fflffi~~g~#ttm~r"£ffi¥~tt~-~R~± 

tE ~ !l:~t~ JE ~ g ~ili f~ q:i st m i)J r o 

Po* x mm , " ;,rm st " ~ " * m st " £ t!'t * § ~ 1AJ *ma(] m * ~ ~ * tt iti 

~ffiSffeff~~OO~**o~~, ~*m~r~§~¥~ff~~ffl~~ffi~£~ 

5 rtt¥tE st. Y!iJ m ~rx-tri~ § st¥~*iJl£;,rmst O t~JEffJLlx-t-=f JtJ=iJrffiA~fm 

Hfil ~ ± 4m ~ * iJl £ " ;,rm st " a 

Po* xm ffl. J=iJr~ st "~±6~" £1!'t'EL 15~ ~j~ §st~ B:k(:,;$: ~ aJJ q:i 7'1 ;rr1~ ~ 
Ht~ Mit 1 ~Ht) m fffi' ~ m ~ &r~ 5G 1lf: st¥~~ ±6 * tJL ~ 1¥i' Jt 'EL :f:15-r 5G 1lf: = m 
i)Jr" ~Tilli ~ H:k st¥ ~ff YU. ~* Jt T; .Litjr~PJ ~1¥t±'E1t!51i-'% H:k~TilliffYU~ 0 

10 i:3:!l:~7t1lf:£•1i,~t§a ~ a 

~*xmm. m~~"~Bff~MM~"£ffiPJ~m~B~7'1~-~m~• 

~ o "El t5 *§ti~ M ~ ~ (Hansenula), ~ ~ M ~ ~ (Pichia), :Ej ;J'f), M ~ ~ 

(Torulopsis), {fR f'f' M~ ~( Candida)~ B"JM~ o 

~*xmm. m~~"PJ•~tta~"£mm~~~~~M~~~~Mff~ 

15 ~~~tt~2oon~o~~: m~r~~Krffl~-=f§~¥~~Mff~~~JE~ 

K, 1tzittMffJLlsttt~~JrJi~miJJr~~~131 ~. J)_rm. m iJJr~JEi~ "PJ~ 

1t:ltl!a:t~" JIJi~ttMfffLlJ:o 

Po * x mm , * i73- " F ~ * 1lf: " £ 1!'t = c 1 )tE ~ 11£ ~ r si J:!vfo ~ ~ rlffi. N r ~ * 
3):;fOi5tHJL Po 0.2 x SSC, 0.1 ¾SDS, 60°C; ~(2)*3tSt:bo~~tt1fU, Po 50%(v/v) 

20 ~WxH~, O.1%/J--tt=:Jfn.i!/O.l¾Ficoll, 42°C~; ~(3)1xtEW3*ff3'LlzJsJ~t§IAJ'~~ 

d>tE 50%, ,tit~ 55%LlJ:, 6O%LlJ:, 65%LlJ:, 7O%LlJ:, 75%LlJ:, 8O%LlJ:, 

85%LlJ:~ 9O%LlJ:, ~{ft~£ 95%LlJ:St::T~±*3to 

Po * x J=ijf ffl , ?Jr~ B"J " 1s ~ " , " ~ ~ " ~ " 'EL 15 " 'EL 15 T " 'EL 15 " , " ± 
~ EB ..... .fig P>t " , " ¥ :,;$: J: EB ..... .fig P>t " , ;fo " EB ..... .fig P>t " "±~EB ...... fig 

25 P>t " , " ¥ :,;$: J: EB ..... .fig P>t " ;f o " EB ...... tiJ P>t " ~ -=f " 1s ~ " "H---#" # "~ " /" ,,Fl !:!--J<.t -~ 

15 " st r {v f!!J: % o 

Mitl $.Jt{c 

:_;$:~aJ!ffi7FT Mitl ~H:ktE1~~ ~B~~Mm i)Jr~- ~j!gJ~m{:&~'~fm!J!R 

30 ~;,rm~ ij:k~ 1i1?, ¥ ~ ~ ±6 q:i st }_S'Qffl a tEx-t 1:& ~ ~ B~ miJ ;,rm~ Ht~ ±6 ~ m iJJ r c ~ 
ff ~~Mm iJJr)B"J1iJf'ft:I 11: q:i, *~ a}! J~~;,r~:E~ Mitl ~ H:kPJ Llfff,~ ~ j!gf ~~ 
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~)a i}J-=f x1r 1:¥ W$8<J1;&~t±, 11 ~ PJ;fLJffl ~F~- l:t=f j![J,pffi~~~F 1:¥ WJ-Offi~ill1T:Jr~ 

g; H:k 81 * ~ a 

*~a}!~§ 15 J=ifi ;£ 81 Mitl g; H:k 8<J h f,L 1ZJ ±.4Prfo~1l?),4PJ O Po* X?fr m' #i:a­

"}tf)t"" ''1tf±tPJ" 5t0 "~1l?J,4PJ" £11'f¥*J:1*1~*~aJ!s1 MITl g;H:kt§lfRJ81 
5 ±1PJ~r}Jfm~mtt01g; H:k a *~aJ! 01g; H:kJ=t Bt" 1ir±.4o/1~~1l?J,!fo/JPJ IJ-£(i)~--t­

~ g; 1--1* ~ ~ ~F 1* ~ '11: ~¥~Ji¥( 1itJ& 1* ~ti~¥ ~Ji¥)~ 1+x 1i'; 81 g; H:k, ffiJ i3: 
t¥ 0<J1+x 1i'; 0<J~¥~~¥ PT IJ-£ m PT IJ-~ ~ El3 :lft1t~11-1&ffi 11-1& 0<J, ~Cii)fr--t-~g;-t­

~¥~Ji¥~ Jt.~lfx1i';¥LII 0<J g;H:k, ~(iii)JVGJ,tg;H:kE5 :!h --t-1tir4mcH:Pofil-tf:g; 

H:kc¥:;1ptJA 0<J1tir!fm, f1Ll Po~ Z,=WJ)iffllir ?fr:lBJVG 81 g; H:k, ~(iv)~1t1Jo 01~¥~ffYLl 
10 ~~ir¥UJ1:tg; H:fcffYLlffil:lBJVG8<Jg; H:k(Poiw -@-ffYU~)J~¥:-0J~YLl~ffl *t1H1-tJl:tg; H:k81ff 

~~g;tt~P¥~.~iffltirg;fi)amffl*x01~~i3:~J=tBt"ffl±4m~~~4mRr 

*@r~,,t~*iz*J\.ff:! 0~o 0<Jm ~ a 
fr*~ a}!~, #i:a- "Mitl g; H:k" tl'f Jt.~;fLJ ffl ~F 1:¥ M1lffi~ ~-@-1:¥ W$ ~-@- ~Ja i}J 

r*J.6:Jr~$ ijjc))Jf3~8<J SEQ ID NO: 2 ff YU 8<J $ H:k O ~#i:a-~§15 Jt.~tum ~F 1:¥ w, 
15 11ffi ~ ~-@- 1:¥ M ~-@-~ Ja i}J r *~:Jr~$ H:k r}J f3~ 81" SEQ ID NO: 2 ff YU 81 ~ J'f % A a 

:t3:J1:1:.~*10A§1!(1s *~ ~~r)= ~-=r-t-om ~ jg 1-50 -t-, ~11:rt!l 1-30 -t-, ~ 11: 
rt!! 1-20 ,t-, :lidtrt!l 1-10 ,t-, ~~11:Po 1-8 -t-~ l-5 -i'-)~¥~8<J~:x" tmAlO/~ 

l+x 1i'; , lJ- Be. fr C 7K ftim 5t0 / ~ N 7K tlim ~ 110 ~ ffiR: :x - -t-~ ii -1'-( ii.~ jg 2 O 1-- lJ- pg , ~ 11: 
rt!! jg 1 o -t- lJ- P-J , ~ 11: rth jg 5 -t- lJ- pg )~ ¥ ~ a wu Po , fr* @it~ ~ , m ,11: f3~ 1B ili ~ 

20 1B 1l?}. 0<J ~¥~ill 1f 1+x 1i'; at , :1m ~ ~ ~ r:& ~ m s 1vt 0<J J)J f3~ a x. tt Po , fr c * ttiM lo 1 

~N7K~~~~~&--t-~~-t-~¥~:li.~fil~~r:&~mElrn81J)J~o 

$tt01~:f'f10j:\§~= fRJ~P¥~"~~tt~*~"~~~*~"x~~~~" 
~-@-~~~" frra'J~1~81F~l!t~1tf:rf'I~ ~ffi1il& Mitl $H:k81 DNA ~3t81 DNA 

J=ifrffi~81$ft"IJ-Bc.~fflmMttl$fi81m~mnffl01$tt~mE1a*~~~m~ 

25 T ~1m$H:k, Po§15 Mitl $H:k~~J=t Bt8<Jiffl!ir$H:ko 

*~aJ!~m1~ Mitl $H:k~$H:k81~1l?}.4ma i3:J1:~~1l?),4o/J ~x~ Mitl $H:k8<J& 

~PJIJ-£~¥~P¥~J:81&:ff, filPJIJ-£~~~ff~81-~%~J:81&:ff, ~~ 
~ffi)~~ai3:~$fi§~x~~~-@-81:ift~~:ff~o~-@-~J'f~PJIJ-:li.tt~#tz 

#ffl~, ~wttmM~••-=r~~mffil~±~m~~. ~PTmtt~~~~~~~ 
30 1m B~0)J~r±.4m~81tt7Ka ~1l?J,!fo/J~§=r!Jt.~~ fRJ rx~ L-~¥~81Ji¥(PO D­

~¥~)81~1l?J,!fo/J, IJ-Bc.Jt.~~Fxft~fr 81~ir JVG81~¥~(Po 13 " Y -~¥~)81~ 
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~~o@~M, *~~~$tt*~~~L~~~~~~tt~$tta 

*~~~~~7ffi~*~~Mill$ft~~~~fi~#$ft~$~ff~ff~o 
*~a}!Ef{J$ttff~PJ~£ DNA %:it~ RNA %Ao DNA %:it§t3 cDNA, ¥ 

'2i!ffl DNA ~}\.IirP>GB1 DNAo DNA PJ~£J¥li:\ia{]~£xXflia{]" DNA PJ~£ffi 

5 ~ijfli~~Fffi~ijfli o ffi~ij nx:1~$ ij:fc81-Jffi~ij!z:J¥31Ll 1=iJ ~ ~ SEQ ID NO: 1 ffYU-f§ !AJ ~~ 

~ oo * a{]~#~ o ~O * X m ffl , " oo * a{]~# ~ " fr*~ a}! q:i £ t!'i ffi ~1& Jl ~ SEQ 

IDNO: 2 ffYU~~~#JfJ:rta1ms, {S ~ SEQ IDNO: 1 q:igqffi~ij!z:J¥31u~~;15U81 

tt~J¥31Ll o 

*~~~~RL~$~ff~Ef{J~~~,~ffi~~*~~~ffl!AJEJ{]•¥~ff~ 
10 ~$tt~$tt~h~,~~~~ffl±~o~$~ff~Ef{J~#~PJ~£~~~±Ef{J 

~1*~#~~~F~~~±81-J~#~o i3:.L1:I::ftff~~#~§:J:31fx{~~#~, mJc1;fr;,~ 

#~~MA~#~o~*~~m~Ef{J, ~~~#~£-~$~ff~Ef{Jff~%:it, 

~PJ~£-~~$~~ff~Ef{]Jfx~,~1;fr;,~ffiA,~~~M~~L~~~ffi~Ef{J 

$ ij:fc 81 J}J fi~ 0 

15 *~a}! ~ riv R ~ L~ $ tt ff~ !AJ ~a{]$ tt ff~, ~ {r'J £ ~ L~ $ tt ff~ Jl~ 

~&50%, ~1:t±-fu~d>60%, ~ f:t:l:-fu~d>70%, ~ f:t:l:-fu~d>80%,f§, ~ f:t:l:-fu~d>90%; 

~ f:t :l:-fu ~ d> 9 5 % ; ~ f:t :l:fu ~ d> 9 8 % ~ 99%,f§ IA] '11= 81 g; tt ff~ 0 i3: JI:!:: g; tt ff~ ?Jr ffi ~ij 

a{] m El filJl~ ~ITTJ~ $ ttff ~mffi ~ij 81 $ H:ic-t§ !AJ 815fUffl~F ~w,~~m~ ~ Wf i~~ 

~Ja iJJ-=f~it:!lr~$ H:ic81 r}J fi~ 0 

20 *~aJj~r±v R ~ L~Ef{]ff3JU*3'.tliW3~1¥31LlzJsJJl~~d> 50%, ~{:t:l:-fu~d> 

70%, ~ 1:t:l:-fu~d> 80%-f§ !AJ '11= 81 $ttff ~ o ::$=~ aJ!t~15Ui±v RtEF~~1!:f:r ~*~ 

~ m ~ g; tt ff~ PJ *3'.t 81 g; tt ff~ 0 

*~a}! 8{] Mitl $ H:icttff~~*l¥31Ll~~h ~Jffi. ~PJ ~ffl PCR tf:t~r*, :m'.:ffl 

~~Aiirnx:Ef{J~~~fflo~~PCR~~~.PJmffl:;,t;:~~m0Ha{]~~~ff~ 

25 ffYU. jt~£Hn~l~ittl!J¥J1J*i&it17[~, *fflm~B1 cDNA ,1$~1t*1N~vt~ 

A~B~Ef{J~m~~m~4Ef{JcDNAW~~ffi~, ~~Wffl~~ff~o §}¥~~ 

*~•PJ*fiW3~~$~PCR~~.~~N~~~~~ilia{]h~Ei:~~~ffffi~ 
fr-!EQo 

* ~ a}! q:i , ffi ~ij Mi t1 $ H:ic 81 $ tt ff~ ff Ju PJ M A JIJ :m: ffl ~it:.~ q:i o # i73"" :m: 
30 m~it:-~"ffi*~~~~Ef{Jmffi~~,~ffi~,M~~~,M~mffim•,~ 

~~~m~m•~~~-~o ~~. R~~tEm~~~~~~ffi~, ffM~~~ 
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-~mm~ffio~~-~~-~m~~fil£W~*~~~~~,Ja~r,~IB£ 
129 :fo ~j il: ~ tu 7G 14 0 

* '@! :IE-:!G 1¥FJSZ: ?ft A~ 1~ JJI 81 7J ~ fi~ ffl T ,tzg }! 15 Mi t 1 ~ Hfc ffi iil?J DNA ff ylj ;;fO ir :ii! 
~~~Jfiil:~mU1s~El1~:iis:~~o i3:!l'I::1Ji~§t§~>1rm:~ii DNA tt:;t:, DNA 'fr)J)G 

5 tt?ft,~~mffltt::t:~afflj£~DNAff~ey~~~~~~:izs:-~~~:iit§Ja~ 
r __t, ~11'i~ mRNA irW:a ~:iis:-~~§t§ffiJjw~Msffi 81t~-~~ir{\T 1~;¥0~~ 

~tltro 
JJ:I:: >7r, ~ ~ • ~tt~tfu § *-~ ~ $ ~~ ~ '~ tiFiti £ 129 , ~ ~1+t ffl r~ :tf ~ 

~~m~mffi~~~tttt. ~•~mffl~~m~=~~-~~•,ffi•~mtt~ 
10 lzf33ZB~:3/tm Ei(GFP)o 

§*__tj£~Jit§DNAff~~Zz:iit§Ja~r~~~~ff~~-~. m~fflT 

~~:iit§~m~m~. ~~~~-~:iis:ma~o 
J~J]Q Mitl ~H:k~:iis:817J¥*~*1JJ!r~fi'u~O~ 0 fJUiiO' mmi1~A~w Mitl ~ 

Hfc ffi iil?J £ 129 81 ~ :iis: ,tzg J! 4m 1,t M-Bt tm ffi i1 ~ ~ Mi t 1 $ Hfc : ~ ey :lm i1 ffi s.i Ja i)J r ~13: i)J 

15 ,hJ,. mJ t~ s.i Mi t 1 ~ H:k 81 ~ ~ : ~ ~ :lm i1 t~ s.i r * t~ s.i ~ Mitl ~ H:k 81 ~ :iis: o 

1¥ M ~ ~ ~va i;IJ-r 

fr~~~~tt*~· mj£~~w~~~1a~r~~rfr~~£~~~~w. 
,hJ-. m~mU >7r~ $ H:k El3 fflj£ Ja i)J r B"J ~:iis: o m * 'fl:. a] A5¥U ffl Mitl $ H:kffl~ ~ T ~ WJ ~ 

20 ~~Ja iJJrxtr ~Ma<J~~o 
*~~tt#A~~~~M~~~Ja~r.m~ffi~~tt#MM-Bt~*~~mo 

EBr~M~~~Ja~rA~¥*ffl~~I~m~~I~~w. *'fl:.~~T~M~ 

~~Ja~r~#~&~~~~W~o~~. fflj£~~M~~~Ja~r§ffi~~W 
T: AOXJ ]ai)J-=f, DHAS ]ai)J-=f(~~ DAS JaZ9:Jr), FDH Ja~JJr(~~ FMDH }a 

25 Z9:Jr), MOX ]ai}J-y, AOX2 ]ai}J-y, ZZAJ, PEX5-, PEX8-, PEX14-JaZ91r, PMP20 

}a i)J T ' p MP 4 7 }a i)J T ' AO D 1 }a i)J-y ' AO D 2 }a i)J T 0 

* 'fl:. a]~§ :J:§ £i __t j£ Ja i)J r at $ t~ ff• ff 3ilJ A~~ & 7 0% , ~ 1:t tfu ~ & 80% 

(fJtltio 85%, 90%, 95%, 96%, 97%, 98%, ~ 99%) ~§1~'~81JaiJJro i3:!1:l::JaiJJ 
rfr '71 'tl:.~$ 81 ~\~{ir,Blz~~~Pf:'i ,B 811ir:ic__r£P~{~~ 81 o *'fl:. a] t~jJIJtffi 1z 

30 frP~*#~~*'ffi:.~fflj£~ff~~~JaZ91r~~ff•ff~ey~~~$~ff-. 
H~~~ff-*A~ti~~~M~~~Ja~r~~~o 
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m•~m•~m~~r•-~m•~••ttw•~*~$tt~~~~-~ 
a<J1i~ 

*'fl~~~1# 7 -1rr1F11~ f:=13 Mm~~Ja iJJrJ¥L- f:¥M:Pjt~1~iJ1·~rm#IRiJJ>1r~ 

5 ~ttffi~£~~JEW~~, ~m: 
(1) ~1# f:¥WJff~~fM£t, J=ifr:i£ f:¥Wfff ~~M£J:15~: 

~j*~ 1. Jtfi5~J~JE>1r~w Mit1 ~me; Ll&~JE~ 2, ~=tJ1i f:¥WJm~~Ja 

Z9Jr & ~z~1t·~a=t~w>1r~~ij:kffi11fh£~; 

(2) frx f:=13 Wf *1tf:~~FJ¥l- f:=13 M1igt~*1tf::1:!~(l)E1"1 f:=13 Mff ~~M-BJ: o 

10 m:J£w~JE~1~~JE~2eyLlfffrf~-~JE-~i=p, illeyLlfffrf~~ 

at~JE-~i=p 0 

m:J£~:it:~ 1 frf:=13]!!/Jff~~M-BJ:i=pLl~t~JJ:l~~~JJ:lfffr, 1YtlPo l-20t~JJ:l. 

Po 15 , 1 o, 8 , 6, 5 , 3 , 2 t~ JJ:l o J=i!r 5£ w ~ JE ~ 2 fr f:=13 WJ ff~~ M £t i=p ill ey Ll J¥l 

t~ JJ:l ~ ~ t~ JJ:l W fr , 1Ytl Po 1-2 o t~ JJ:l , Po 1 5 , 1 o , s , 6 , 5 , 3 , 2 t~ JJ:l o 

15 m:J£a<J~JE~ 2 i=p, ~=tJ1i Ja ~JJ-=r Ll& ~z.~11:·~a~at Mit1 ~ ij:ka<Jffi11fh£~ 0 

@~ff!,. f:ffnJey 1i1, Mit1 ~B:kfr f:¥Mff~~M£ti=p:m:~li~JEw Ja ~JJ-=rt~ey m f* 

tl~o~~fffl~~JaZ91r,m~~JaMr~~~ttJaZ91ra::;$:~~tt*A~ey 

Llmmm~JE~w§w*fi~mw~~. ~~~~~mtt-~w*#~ffl*~~ 
Mitl ~B:kEl<J=?ZJE~~~JE, J1UeyLl~1lm~~Ja~JJra ~1:i:1:111, ~:it~ 2 i=p, J=ifr 

20 :i£Ja~JJr~tJ5: GAP Ja~)J-y, PGKJ }aqJ-y, MIT] )ai}Jr~1-f~fi~~$1!1-W- MIT] tl 

~JE a<J Ja ~JJ-=r 0 

t/7 ¥1 (2) i=p , " 3c f:=13 WJ a<J * 1tf: " ~ ::;,is: ~N :t~ tt *A~ 1i1 f ~ iL ITT , ill ~p , fr~ i,,ill 

@fflwf:¥Mff~~M£J:~~£i=p,~~Af:¥M~7'1~~.~~LlJt~~~w~~. 

~mw~~~*~~tt*A~M~w.~~~~~f=~~,ffl~ffi,~~c*~ 
25 .>¥,I\ ,v 471. ,~ + Estf >,-'-,.>W\ :::r:: -->Uc >,-'-,.>W\ f-1.rJi:~~ ,J #.V. ,~1ti:) ~~Iii: ~-~1ti: -t:,-'--f:±J.!h 

,fJJ 7J-., )jj'f' ¥,& , /I' ~ i'JE ,fJJ , _____t:,.. /1"- i'JE ,fJJ , ,.;, I At: ffi ~ 7.J( lll'f' 1,& ~ , ~ 1:liS , ~ 5f 1:liS ~ o ;f)( ± J:-~ , 

*ffl Ll ~1rnfo;~lfl~ffi7'1 :pgt~ a<JM-BJ::1:!~£0 ~1~:l'th, "~F~- f:=13 WJ:Pjt~*1tf:" 

fil~::;;is:~N~tt?KJ\.~ 1ilf~iLWa 

m:m~m1f~mM-BJ: 
30 £f*'fl~Wffi'fl~, ~~m7-#:m:fflwf:¥Mff~~M£t, m:J£f:¥Mff~ 

~M-BJ:15~: ~JE~ I. Jtfi5~$:?ZJE>7r~El<J MITl ~B:k; Ll&~:it:~ 2, ~tJ1if:=!3]!!/J 
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~~~~Mr&~~~~tt~~~*~~ttffi~¥~o m~*#~, m~~~~ 
~1~~~~2eyLl~frf~-~~-~~. ilieyLl~frf~~~~~-~~o 

ffM~Mff~~M~~ey~@fflf*tl~~. Ll~~~~-ffl~~Mff~~ 
M~ o 1ftl3ZO, J=ifr~81 ~ j!gfff~~M~§ft{s ~ r~f: $$M~(Pichia), ix.m:M~ 

5 (Hansenula), @f'f'ji!jf~(Candida), l}JHblM~(Torulopsis); ~1:i::l:fu, J=ifr~81$$M 

~(Pichia)§t5: GSl 15, MIGJ ¥~:,fO MIG2 ¥~~~~81$$M~(Amig1Amig2), 

NRGJ ¥~, MIGJ ¥~:,fO MIG2 ¥~~~~~$$M~(Amig1Amig2Anrgl), M 

¥~ HXSJ ~~~~$$M~ffi~o 

fr*R~ 81Jl.~'9;m!?:{ftl~, m1~T [g~frn~:-fUffl~F ~w,~~~~ AOXJ ~i)J 

10 r ~ ~>"~ ~ ~ H:k 81 ffi ~, GSl 15-MITl, Amig1Amig2-MIT1, Ahxsl-MITl :,fO 

Amig1Amig2Anrgl-MIT1 o ft$$M~ff±ffi~ GS115, $$M~xJ~~ffi~ 

Amig1Amig2, $$M~1frR~ffi~ Ahxsl :,fO$$M~ tfrR~ffi~ Amig1Amig2Anrgl 

~ 7tJ3LJti~JZs: T ~~1J&mt§*¥~ MITJ, tzJ~ T ¥~ti~j:t_ffi~ GSl 15-MITl, 

Amig1Amig2-MIT1, Amig1Amig2Anrgl-MIT1 :,fO Ahxsl-MITL f}. Aoxl mf~iit1JTitl 

15 tf..:E3l, it1rney Ll ~~ GSl 15-MITl 81 AOXJ ~ i)Jr 81~~. it1B3M~ffi~ffl:l:1JfJE: 

i~~ Amig1Amig2-MIT1, Ahxsl-MITl :,fO Amig1Amig2Anrgl-MIT1 131 AOXJ ~i)Jr 

~ ~ 0 * _a ffl 1Jrt :rt f!E ~fil vCtft 11Titl T t~ 13 ~ 7G m El G FP Ll A ox 1 ~ ~ i)J T a1 fr~ F ~ j![J 

:Pffi~~ 81~~~~_mo 

m~81 Ahxsl ffi~~, ~WtHWM~cffl~@~ Snf3/Rgt2 ~1~ra'Jt§f~tt81-

20 -1~¥~ HXSJ(GenBank ~~%: 8197942)81ffi11-1&~ ffiR~ o 

~ffi~~Jl.~'9;m!?:~.*-~~~*ti.~o@WM,~~'9;m!?:~&fflffil~* 

tf..~ffi~fflf~~*ti.~~~mo~~'9;m!?:~~*tt~A~*#~'9;~fl~,m 
1t~~1t*JM*143ZO J.~~~~ ~~~~. 5J\.r~ri:'9;~1!'rl¥f, l4"Ft±:lh&::t±, 2002 

25 ~ J=ifi ~ ~ *14. M ~~tum: r Iii] J=ifi ~ tSl 81*140 ~ ~F ::'h >"~ i3l ~ . ~mus 5J\. rt ;¥015t 

~~-_mif~o 

tt~ 
$$M~~msm~~*~~~~m0~m~~M~msm~¥Mo 

30 J=ifr1iffl ~ IJl!N~~IMJ § TaKaRa ±.4PJ0 ~(A~, ~ 00), Jl-~81 &@*14:,fOff 

ffl 81 fl 1-! :1:1] ~ ~ lii1 &b i3l a)§ 45 o 
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r 00 1¥1 !BJ ® 1-t mt f_1UfO ffi tt J=llr ¥ ~ ~ ri: 5¥0 m El ~ i6: : mt~ pGAP ZaA, mt fir 

pPIC3.5k, ::kAf&tfffi ToplO, 1¥$fflU:_ij:ffitt GS115 f:)JIJ1i;J § Invitrogen 0P] o 

Jyffir pAG32 EB mt~ pRDM054 tEM=t:JJ{fr}~ Bgl II !z.tt:JJ~ PAoxrBFP-SKL ~i6 

~*f~Jrj; mt;fir pRDM05 ~ § JJD1'i'l::k"¥::¥::f:fu]E1ij-73'--~o 

5 YPD f:-i"f*¥: 2% ma~*' 1% @J-f_ij:t5}, 2% fflWJffi, 2% :l~Cijijt5}; YNB :1:-i"f 

10 

~¥: 0.67% YNB; MGY :!:-tr~¥: 1% itrrn, 0.67% YNB; YND 1~f;$::l:-i"f~¥: 

1 % fflWJffi, 0.67% YNB o 

WcmLlt::LJ::1:-i"f~£st, liJWJffi 115°C ra'JffyZffi 20rnin, ~WftE1~fflst~JJDo Jt 

't: AA% 121 °c ra'J &yZffi 20 min a [fu~:1:-i"f~¥JJD 2% t'Rijijt5} o 

~1iflif91J 1, itrmAJ~~ AOXJ Jai;IJ-r~zl¥1$~M-BJ:ffi~ GS115-MIT1 

l. Pp MIT 1 n~z).pi ~ 1¥J fJJ Jl 
*ffl PCR, M=t:JJat~l¥J:1Jr*, l::L pGAPZaA(!?fi l)A$G~fr GAP Ja~JJrrWJB"J 

Asu II/Sal I p,Jj,f--M=t:JJ1iL~ffiA PpMITJ ¥~(SEQ ID NO: I, ¥~~-tf: 2667bp), 1~ 

15 JrJ B"J 1l ffl mt tt ffF A pG M Jyf fir o 

20 

l::L Ml-GAP5 5¥0 Ml-AOXl TT A 5[ t/PJ(~ 1), mirl PCR B"J:1Jr*JA pGM mt~J: 

tJ~i~Jrj pGAP-PpMITl-AOXl TT B"J~i6:~*(~-tf: 3615 bp), l::L pAG32(!?fl 2):;g 

$G~fr Sac I/Spe I !z.tffiA i~~i6~* o 1~Jrj]l~Jlmt~A pGMhpha 

~ 1. 5[ t!PJJrJ~ 

5 r t1PJ SEQID fffrJ 

NO: 

Ml-GAP5 4 5 '-CGAGCTCAGATCTTTTTTGT AG AAA TGTC-3' 

Ml-AOXITT 5 5 ' - GACTAGTGCACAAACGAAGGTCTC-3' 

HXSI-C-5 6 5-CCGGAATTCTAGTCACGGATTGCTTC-3 

HXSI-C-3 7 5- ACATGCATGCGTTCCCAATAGATTTCACAA -3 

2. ~~$~BJ-BJ:~ GS115-MIT1 ffi~1¥Jfrp~ 
i:; PpMITJ rl~i6:mttt(pGMhph)Eg${*$M-fij:ffitt GSI 15, r*f 4 ~JJDiiHl~ 

l¥J YPD ufil~:1:t~£J:, JJ~fr 30°C:l:-i"f~fi:bt~ 48-72 /J,st o i'.ijff)zl:-tf:ili B"Jii"-~P£ 

t}L~ 10 ml YPD + ~ g~i,&~:1:-i"f ~¥~, 30°C 1!*:l:-i"f ~J§, m¥ ~ ~Jlffl PCR llitiiE o 

25 tE. PCR ~llit& 1Y1tl ffllitiiEJ§ IE iijfJ B"J * $M-fij: ffitt* _:g A GS 115-MITl o 
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3. Aox H'i5&~ 
it~ffitt?J"-JJIJtE o.5% (v/v) l:flWJ, 1% itfrn, 1% itfrn+o.5% (v/v) l:flWJA~ 

~ B"J YNB ifJl 1zfs::1:! ~¥~:I:!~, ± -it Jrj x1 ~i ± -it 1JLJ§<&X t$ 1 ml, fr~ ,t, J§ B"J ffi ~ 

~ 1JOA Aoxl Wim lni13¥fJllni13 (~ Jli!, Stasyk 0. V., T. Y. Nazarko, and A. A. Sibirny. 

5 2008. Methods of Plate Pexophagy Monitoring and Positive Selection for ATG Gene 

Cloning in Yeasts. Methods in enzymology. 451:229-2390 lni13lt£4mA o-dianisidine)a 

~*Po~ 3, 1=iJ Ll~JUtE13~it1E8 a"J:I:!~¥~ ±-ltJ§, ,R~ffitt GSl 15-MITl 

~~A~Mm, m±ffitt~~~~-mo 

4. Aox IJffi"a<Jj!HE 
IO it~ffitttE MGY ii~:l:!~¥~i1~tN:1:!~, PtJ§?J"-JJIJ~,f$JU13~ 0.5% (v/v) 

I:¥ WJ , 1 % it 1£8 , I% it ¥1B + 0. 5 % ( v /v) I:¥ WJ , 0. 5 % ( v /v) I:¥ WJ A~~ B"J YNB ~ 

~:I:!~¥~,:!:!~ 10 /J" st J§!!Xt$~1tX,tt~ B, t2 Bradford 1:.t~~ B JE~J§:itt1T Aoxl 

MmB"J¥J1tlJE(7J1-!~%Verduyn, C., J.P. van Dijken, and W. A. Scheffers. 1984. 

Colorometric alcohol assays with alcohol oxidase. J. Microbial. Methods 2: 15-25 a 1ni 

15 13ff£4mA 2,2'-azino-di-(3-ethylbenzthiazoline sulfonate), ABTS)a 

EB~ 4 l=iJ~O, ffitt GS115-MIT1 tE13~itr1B81:l:!~£~:i:'.)Jl=iJLl~~ Aoxl 81 

*~• Jt±ffitt:!:'.)J~{J~~~ Aox 81*J.6o 

s, 1$ ~M-BJ: GFP 1p.j.! Yl *z •~ a<J rr,n~ 
1=Etlt1zfs: pPIC3.5k (~ 9) B"J AOXJ la ~JJ-=f riM B"J SnaB I MtJJ ill}~ ~ffi A GFP 

20 ¥1E!(~-lt 714 bp), 1iJU GFP *~tit~ pP-GFPo 

6, !$~M-BJ: GFP 1p.j.! Yl*zM~a<Jfrri~ 
%JJrJit*~tlt~ pP-GFP Eg~ GS115-MIT1 ffitt, ~f~13~li~~El"J YND f 

!fR, nltE 30°C:l:!~ffi:I:!~ 48-72 /J--st o itSftNJ:-ltili B"J~~~iJJt~Ji~:I:!~¥~, 

30°C 1re*:!:!~ )§~£IE[ ffi., ffl real-time PCR ~iiE GFP :J:t JJl ~(771-!~ % Xuan, Y. J., 

25 X. S. Zhou, W. W. Zhang, X. Zhang, Z. W. Song, and Y. X. Zhang. 2009. An 

upstream activation sequence controls the expression of AOXJ gene in Pichia pastoris. 

FEMS Yeast Res. 9: 1271-1282)0 tE real-time PCR ~~A~t~ ]TI 81-$~Wffij: GFP 

*j:kffitt%JJIJ mt 1s A GS 115-MITl-GFP o 

jP):EJI!.fz;J~ T *~ffitt Llmigl Llmig2-MIT1-GFP ;fQ Llhxsl-MITl-GFP o 

30 *~ffitt Llmig1Llmig2-MIT1-GFP fz;J~j'j$Jl~Por: it*~tlt~ pP-GFP ;fO 

*j*tlt~ pGMhphj¾~ Llmig1Llmig2 ffitt (~%~0003f~5frJ CN101857845A)o 
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:zz:i6ffi15K ~hxsl-MITl-GFP t1JJ!1Ji!Jl.W~Or: i%:zz:i6~11f pP-GFP 5fO:zz:i6~ 

t'f pGMhph :f¾~ ~hxsl-MITl ffii5K o 

7, tit j.\~ ,00! 1)( ~j!!J G FP ~z:S: 
i%ffii5K GS115-MIT1-GFP fr YND ¥~11f:1:i'f~£~tt;p;[t}n:1:i'f~, ?~J§:Jtjjlj~;f$ 

5 i3~ 0.5% (v/v) J:¥1Nf, 1%it¥B3, l¾itiHJ+0.5% (v/v) 1=¥'Wf711wUl~l'f{] YNB i1Jtt't:l:Z 

~¥~~~. ~~J§ffl~~~~&~~~g~o~!'f{J~W~~~ft~~o 

~o 00 5 J3IT 7J'( ' Gs 115-MIT 1 PJ ~ fr it ¥83 ff fr s<J 'ti m r ~ ~ 1'HJJ ~ H:k G FP :zz :½ 0 

~~~2,it~~~-~-ey~~AOTI~~~~z~~~-~-~ 

10 1. HXSJ ~~f.a~.mitt~;fiJJ@ 
ffl BamH I 5flJ Sal I mi% Zeocin m'f'i£ 129 Sh ble}, ftJ:Am~ pGAPZaA Lt)] r, 

~ pUC18 m~(!?fl 10)7'Jttt'f, fr BamH I 5flJ Sal I )(tll[/l¥tJJ.a1~1iliA 7 Zeocin m'f'i 

¥ 129 Sh ble }, ft, its 46 jg pUC 18-ble mfiL ~ GS 115 ¥ 129 tii jg fifR, 1[ 5'21f ffl 5 I 

4o/J HS1-5F/HS1-5R =tt:I:~ PpHXSJ £129!'1{] 5'llooYrtlfilJa~JJr!R~(~~itffi'1i~r ATG L 

15 Wf), 1t:l:~F1o/J!'f{J:AJJ,71 728 bpa 13[41JJ HS1-3F/HS1-3R ffl-y17~ PpHXSJ £12913<.J 3' 

Yffij s<J JR±~c~t rr* 11~-=r- r¥JH), =ttt~F4m !'I{] */J, 71 1011 bp, :JtjjlJtJJ ~@J t& § s<J */J, 

J=, ft o 

i% @J 4~ B<J PpHXSJ £ 129 gf,_J 5' llffij'.7r tlfil }a i9J r DNA }, ft, ffl Eco RI 5flJ BamHI XX 

mtJJ J§, @] 4~ J=, ft o pUC 18-ble mfiL ffl Eco RI 5flJ BamHI XXWflttJJ, @Ji&}, ft o i% 

20 @] 4~ s/,_Jm h ft.a=t~tt;p;[' ~1,t*Hmtf ffi' PCR ~iiE~B tt~~i' 1:fp 46 7J pUC18-(HSJ 

5'-ble)o 

i% __t~:t!7t1J J!~f m~ San 5flJ Sphl xxmt)], @] 4~}, ft o PpHXSJ £ 129 !'f{J 3 'ft/m JR 
±~DNA}, ftfilffl Sall 5flJ Sphl XXWflttJJ o m}, ft.at~rlft, ~{,tj:Hwtfffi, PCR ~B 

'f'iffi15K, ~Bttffii5Kirt:g71 pUC18-(HSJ 5'-ble-HSJ 3')a 

25 :zz 2,. PpHXSJ ~~{fffl 13/,_J5[ 4?JJ 

5 [ 4?JJ 

46;¥~ 

HS1-5F 

HS1-5R 

HS1-3F 

HS1-3R 

SEQ ID 

NO: 

11 

12 

13 

14 

5' -CCGGAA TTCTAGTCACGGA TTGCTTC-3' 

5 '-CGCGGA TCCAGTCTGAAA T AGGCTCAGACA T-3' 

5'-ACGCGTCGACATGCCTATTGAACAAGACTATT-3' 

5 '-ACATGCATGCGTTCCCAA TAGA TTTCACAA-3' 
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2. Ahxsl ~~~~-~1¥J;f-JJ@ 
it pUC 18-(HSI 5 '-ble-HSI 3 ')m ~ffl Eco RI to Sphl ~ JJ[~t}], JR@] Ll5[jc j" 71 33 50 

bp Bf.J PpHXSI ~~h.@: HSI 5 '-ble-HSI 3 'a 

it@J L& 1¥J 20 µl PpHXSI tvt~ h f)t HSI 5 '-ble-HSI 3 'O'.'.&flt::kr 50 ng/µl) Si 80 µl 

5 £/dwM-BJ: GS 115 ~-x~tf ll](J:fi~' ~mt~Mt~#f m1# BI.Jnt*nt1T Et!~1,t O it 50 

µl 1[~1¥JEt!~1,tffij~~ri~1JO Zeocin m1=:.~!¥] YP+Glycerol fi1tlW:l:!~¥ftR, it 

rm Jzt -s,z t& 1Ju :ic r 3 o 0c :1:t~ ~ ti :t! ~ 2 ~ 3 x , 3 ~ ~ §~ PT JM mm -tf: t±rnt , it mm tlb 
~* Zeocin Bf.J YP+Glycerol ¥11lW:l:!~£q:i:1:7"f~ 2~3 -R.a PCR ~iiE PpHXSI ~~ 

1¥J ~B tt ffi tt , mt~ 7J Ahxs I o 

10 3. Amig1Amig2-M1Tl ~ Ahxsl-MITl 1¥J;f-JJ@ 

itm~ pGMhph Et!~£/dwM-BJ:ffitt AmigIAmig2 to AhxsI, i*r 4 ~1JOYiHl~ 

Bf.J YPD -Sf tffi., nJctE 30°C :l:!~fli:1:Z ~ 48-72 /J" st a it-Sf tffi.J: -tf: ili Bf.J ~ ~ Pitlb~ 1 O ml 

YPD+ijJHl~i,& W:I:!~¥ q:i, 30°C 1!vt:I:!~ J§, tmm¥ ~ ~_ft)=§ PCR ~iiEa tE PCR 

~ Mt & 1Jltl ff~ iiE J§ iE 100 Bf.J £/d w M HJ: ffi tt 5t J31J mt~ 7J AmigI Amig2-MIT1 to 

15 AhxsI-MITl a 

4. Aox H-&&~ 

it AmigIAmig2-MITl to AhxsI-MITl 7J'J31Jfr 1% ittffi, 1% ititE+0.5% (v/v) 

l=!='WJ, 1% m~M, 1% m~ff+0.5% (v/v) l=!='WJto 0.5% (v/v) l=!='WJ711iJR~l¥J YNB 

1,& W:I:!~¥ q:i :I:!~, 1=:-tf:JrJx1 ~ 1=:-tf:1J3 J§ lfX;f=fo 1ml. fr r'iH~\ J§ Bf.Jffi W q:i 1Jo A Aox 1 

20 ~i~ ~B¥&~Bo 
~*~006, PJ~~~tE*~it~~~m~M1¥Jm~£q:i, R~ffitt 

AmigI Amig2-MITI to AhxsI-MITl q:i ~@~$~ a 

5. Aox 1Jrnl¥Jffl0E 
it~ffitt5J'-jjljfr 1% itrrn, l¾itim+0.5% (v/v) l=!='m:, 1% m~M, 1% lfJ~ 

25 M+0.5% (v/v) l=!='Dto 0.5% (v/v) l=!='WJ71~~Bf.J YNB 1,&W:l:!~£q:i:1:7"f~, 1::-tf:JrJ 

x1J11=:-tf:1J3J§lfXf=fomlfX,~~tms, g2_ Bradford ~mBJE~J§nt1T Aoxl ~mBI.J1JltlJEo 

EB 00 7 PJ~O, ffitt AmigI Amig2-MIT1 to AhxsI-MITl fr*~itieJ~~ffl~ff 

!¥]:!:!~¥ q:i :l:)JPJ ~ ~~ Aoxl B<J~:iE, Jt± ffitt:l:)J ~ fi~~~ Aox B<J~:iE a 

6. mf.Ji:~.00,.1)(.~ffl!I Amig1Amig2-M1Tl ~ Ahxsl-MITl l¥J GFP ~~-

30 it AmigIAmig2-MITI-GFP to AhxsI-MITl-GFP fr¥~W:l:Z~£q:itt~:f]JU7"f~, 

rtJ§5J-jjlj~~jlj*~ 0.5% (v/v) l=!='WJ, 1% it~, 1% itteJ+0.5% (v/v) l=!='WJ, 1% 
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l!fFMJ ffi to 1 % lrfFMJ ffi +o. s % c v Iv) l=tI j!gJ 7'J ,pJit ~ sf.J YNB 1fYl ~ tir ~ ¥ i:f=t , ItZ f=f: J§ m ti 
:ct fm nfil ixAft 1m~ f=f: ifii r=p o FP af.J JL 1ar Sf :t)J ~ ft s£ oc a 

~O ~ 8 J=ifi~, Llmigl Llmig2-MITI to Llhxsl-MITI PJ l:1-:tEit 11B WG~m-wJffiiftE 

Bf.J·tfm T ~~>'r~$ij:fi;: GFP *i?so 

Amig 1 Amig2Anrg J-MIT 1 

1. NRG 1 ~ ~ iff& ~ )yi~ 1¥] '41 lt 
12,l 0S115 ¥~tli7'J:tl;t&, {,tJ=l=PJ!4o/J 5'NRG1-F/5'NRG1-R tt:l:ffl PpNIGJ ¥~ 

10 Bf.J 5'ftiffi>7r~~:l:!ii1i¥rJ:A/J,7'J 320 bp J=tfJL i~tt:l:WF4o/J1fn~7'J 5'NRGJ, ~@JL& 

5 'NRG 1 h ft o Ll _t}o/r 1i jrj Bf.J 5 'NRG 1 h ftffl Sac I to Sma I xJUwtJJ, l::.J [A} t¥: Sac I 

to Sma I :XJ(J'g~t:J] Bf.J pUC 18 rn ~a ti, fiJ JvG pUC l 8(Sacl-5'NRG 1-Smal) o ~1--¥. 

pUC18(Sacl-5'NRGl-SmaI)n1~:AAmtfffi ~x;:&, ffi~ PCR 1m~PBtt1[~i o 

~}§. 1,tffls[4PJ HYG-F to HYG-R, Llrnfir pRDM054 7'Jfl:fR, tJ:l:ffl~g~ B 

15 m'f'1:¥~ HPH, :A/J,7'1 1648 bpa l:,l__elo/r1i HPH h ftffl Sma I to Xbal xXmtJJ, l::.J 

[AJ;f=f: Sma I to Xbal xJUWtJJBI.J~~ pUC18(Sacl-5'NRGl-Smal)-t§a, fiJJvG~~ 
pUC l 8(Sacl-5 'NRG 1-Smal-HPH-Xbal) o pUC l 8(Sacl-5 'NRG 1-Smal- HPH-Xbal)n1~ 

A A Rm tf ffi' ffi ~ PCR rm~ PB '11: J[ ~i 0 

ffl 5 [ 4o/J 5'NRG 1-F/NRG I-Al Llrnfir pUC l 8(Sacl-5'NRG l-Smal-HPH-Xbal)7'1 

20 tl:flztt±t1i¥rJ h ft Overlap-Ao ffl 5[ 4o/J NRG l-B2/3 'NRG 1-R, 12,l OSI 15 ¥~ tli7'J 

tl:fR, 17:l:ffl1i¥rJ Jt ft Overlap-Ba ?~J§:imrl Overlap PCR $1.Jni*Mti Jt ft A, B, 

1i¥rJ 5'NRG1-HPH-3'NRG1 h fto i~~h ftati¥rJ pMD19-T ~f¥__t, 1i¥rJiWisl~rn 

~ pMD19-T(Sacl-5'NRG l-Smal-HPH-3 'NRG 1-Sphl)a 

2. Amig1Amig2Anrgl ffi~l¥J'4Jlt 
25 i~1i¥rJ Bt Sacl-5'NRG l-Smal-HPH-3 'NRG 1-Sphl h ft l::.J Llmigl Llmig2 :XXffiR~ ffi 

~~x;:&~n, Et!nJ§ill~:1JDA 700 ul tYl14-Bt I rnol/L LlJ~j!gJ, ?~J§nl$_¥ EP ~ 

i:p, *1JDA 700 ul YPD ifYlf¥-:bt~¥, 30°CtO 200 r/rnin 1m*~1f-!if~ I __,2 ho JW: 

J§ i~ ffi¥11U~ri~ 1JO Zeocin, 0418 to Hygrornycin m±~ Bt YPD u1u 1--¥.Sf;t& o 30°C j:if 

~ffi~~m~2~3~o~~ttn~~~¥~ffiPCR~~. ffi~Bf.J~ttffi~h~ 

30 7'1 Llmigl Llmig2Llnrgl o 

3. =Nc~ffi~i:p MITl M~z)yi~l¥J'4Jlt 
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~ pPIC3.5k 7'J~~ft Sac 1/BamH I M-1--mtJJ{f[,BffiA GAP Ja i)Jrf~jrj pPG 

fm:~ o {l}r BamH I/Not I M-1--mi~tJJ{fr,B['BJffiA PpMPPl £129ffJlj, t~JrJ81~fflfm: 

~f~7'1 pPGPPl Jm:fiL 
4. Amig1Amig2Anrgl-MIT1 89tiJJl 

5 itfm:~ pPGPPI Et!~$$M-Btffi~ b.miglb.mig2b.nrgl, Y~T 4 *JG:110 his 81 

YND f tR , JJ>C ft 3 0 °C :1:-S: * fir :1:-S: * 4 8-72 /J, at o it f tR l: -tf: tB 81. RJijj~ ~ IO ml 

YND ;i&~:1:-S:*£ q:i, 30°C tm*:1:-S:* J§, 1EB 1~£ 129 fliffi PCR ~iiE o 1E: PCR ~~R 

1,U!ti ff~ iiE J§ iE Ii 81 $ $ M £t ffi ~ 53\. -glj 1in ~ 7'J b.m ig 1 b.m ig2 b.nrg 1-MIT I o 

5. ~ ~ M-BJ: G FP 1ft ~ .m *Qi.~ 89 grp~ 
10 5J\.-g1Jit~i6~~ pP-GFP Et!~ GSI l+-MITI ffi~, Y~rJG13~£1.~~81 YND f 

tR, JJ>Cft 30°C :1:-S:*ff:l:if* 48-72 /J, at o itSftlil:-tf: tB 81. J[Pi:t/~~ MGY 1{3[1:$::1:-S: 

*£q=i,ft~ftH•mr~~~~~~~~ft.~~ft~~~r3o~m*~*J§ 

t~£ 129 ffl, ffi real-time PCR ~i,iE GFP ~ J:n ~(7J~~f;g:: % Xuan, Y. J., X. S. Zhou, W. 

W. Zhang, X. Zhang, Z. W. Song, and Y. X. Zhang. 2009. An upstream activation 

15 sequence controls the expression of AOXJ gene in Pichia pastoris. FEMS Yeast Res. 9: 

1271-1282)0 1E: real-time PCR ~W:7'J·t~J:nB1$$M£t GFP ~i6ffi~1in~7'J 

b.migl b.mig2b.nrgl-MITI-GFP o 

6. Aox 1Jm89IHE 
it b.migl b.mig2b.nrgl-MIT1 ffi~5t-gljft 1 % it YEH, I ¾iti'EB+0.5% (v/v) ~ W:f, 

20 1 % m7MJ ffi, 1 % m7MJ ffi+0.5% (v/v) ~ WJ;fo 0.5% (v/v) ~ ~ 7'J 1illUJJ 81 YNB if3l ~ 

:l:t * £ q:i :1:-S: * , ± -tf: irJ xt Ji± -tf: 1A J§ I[Z ff~ JtU~, m B , t2 Brad ford i* m B JE ~ J§ 

:itttr Aoxl @~m 811,U!ti JE o 

EB~ 11 PJ~O, ffi~ b.miglb.mig2b.nrgl-MITI ft13~iti'B3~~m7Miti81:l:-S:*£ 

q:i:M_fi=iJ~ m-@ Aoxl 81~:16, Jf±ffi~:MJ)Gfj~m-@ Aox ~~:160 

25 7. ifit:i:tffil..lffi!{S(t6tffl!I Amigl Amig2Anrgl-MIT1 89 GFP *JZiil 
it b.mig 1 b.mig2 b.nrg 1-MIT 1-GFP ft yf3[ ~:l:t *£ q:i tt t~JyUif *, ?~ J§ 5J\.-glj ~ 5¥$ 

jrj15"~ 0.5% (v/v) ~W:f, 1% itilH, 1% iti'HJ+0.5% (v/v) ~W:f, 1% m7MJffi;fO 1% 

m7MJffi+0.5% (v/v) ~ WJ 7'111~~81 YNB if3l ~:1:-S:~£ q:i, !OCff J§ J=!Hlrt:it~ Bfil&~1,U!ti 

ff lfb q:i G FP 81 JL 1PJ f :l:$J ~ ft 5£ If o 

30 im~ 12 Mr~. b.miglb.mig2b.nrgl-MIT1 PJ~ftitYB3~~m7MJffi1¥ft81'tlor.r 

~-@Yr~:$B:k GFP ~:160 
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5 ' - CGAGCTCCTG TGCCT A TT ACCCCCCTT -3' 

5 '- TCCCCCGGGAACAGATAACCAAAACGGACG -3' 

5- GCTCTAGAGTATTTATTTACGGATTGGA -3' 

5 ' - ACATGCA TGCCACCACTTTTTGAA TCTCGG -3' 

5 '- TCCCCCGGGAGCTTGCCTTGTCCCCGCCG -3' 

5'- GCTCTAGATCGACACTGGATGGCGGCGT -3' 

5 '-TCCAA TCCGTAAA T AAATACTCGACACTGGA TGGCGGCGT-3' 

5 '-ACGCCGCCATCCAGTGTCGAGTATTTATTTACGGATTGGA-3' 

tE 11s: tt a] 1~& st ?fr 1f x wdf~ tE 11s: $ ii ~ '7 I J=l:H-'F A ~ ~ , nJttio [ql 'ey ~ ~ x 1nk *Et 
ii'l~&l'71 ffl1-'FA~~tf()* o Jl:t~rfSYl_El!_ffl~, tEl~ii 711s:t:za] st__t;t£i,Jt:J~pg 1;:t_J§, 11s: 

s ~~tt*A~~~~11s:tt~~~#~~~~~. ~~~~%~[ql*~~11s:$~?Jr 
~ft tz.-fU ~ * 45 m ~~ 5E st m: ~ a 
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1. ~ # 1~ ~ I=¥' D m ~ M Ja ~)J r ~ ~ 1:¥' W¥ 1iffi ~ 1& ~ tt ITO 1}13: ~)J !Jr~ $ H:k ffi :Pfb £ 

129*J.6131,_J 71~, ~ti: 

s (1) ~1+t 1:¥' Wf g*MM£t, J=ifr7£ 1:¥' Wf g*M M£t13~: 

*J.6~ L Jl:*J.69r~~ Mitl $H:k: ~& 

*J.6~ 2, ~ti I:¥' Dm~MJa ~)J-=f & ~ z.~11:tt~1~13t9r~$H:kffi:Pfb£129: 
(2) fr7C 1:¥' Wf ~14 ~~F~~ 1:¥' ffl111)k1M~14r :1:i'f ~(l )13t 1:¥' j!gf g~MM£t 0 

1 o 2. tzo :;txtU ~ * 1 m 7£ ~ 711* , Jt t~ 1iE fr r , m 7£ ~ I=¥' w, m ~ M 1a ~JJ -=t-~ 1t = 

AOXJ JaM-=f, DHAS )a Z9JT, DAS )a ~)J-=f, FDH )a ~)J-=f, FMDH )a ~)J-=f, MOX 

)a ~JJ-=f, AOX2 )a ~JJ-=f, ZZAJ, PEX5-, PEX8-, PEX14-Ja ~)J-=f, PMP20 )a ~JJ-=f, 

PMP47 )a ~)J-=f, AODJ )a Z9JT, AOD2 )a ~)J-=f o 

1 5 3 . -tzo :;fx tu ~ * 1 J=ifr 7£ 131,_J :1:f 1* , Jt t~ 1iE fr -=f , ?fr 7£ ~ I=¥' fflI g ~MM £t ~ 13 : -$ 

20 

wM£t(Pichia), tl..Ji!£M£t(Hansenula), 1~ ~i M£t(Candida), :E1H~M£t(Torulopsis); 

~1:t:l:fu, J=ifrj£ 131,_J -$$M£t~t!: GSl 15, MIGJ £129 to MIG2 £129 ~*J.613{] -$$mt 

-1:ij:, NRGJ £129, MIGJ £129tO MIG2 £129~*J.613t-$$ffit-fij:, ~ HXSJ £129~* 

J.613t-$wM£tffi~o 

4. -tzo :;tx tu ~ * 1 Pfr J£ 13t 71 r* , Jt t~ fil fr r , Pfr J£ 13t Mi t 1 $ ij:k ~ § rm = 

(a) SEQ ID NO: 2 t9r7I(~£~FFYLl13t$H:k; ~ 

(b) i~ SEQ ID NO: 2 t9r7I(~£~FFYLl~~:tt~-t-~::f;-t-~£~5~£13{_Jlfx{~, ffiR 
~ ~ 1~ )]Q ITO% JVG 131,_J , Ji Jl. ~ iu ffi ~ F 1:¥' D ~ ~ m ~ 1:¥' w, m ~ M Ja ~)Jr* J.6 !Jr fM $ ~:k 

2 5 r}J fJ~ 13{_] 83 (a) 1rr 1:: 131,_J $ ~:k ; 

(c) ~(a)~~JE 13{_] FFYLlfr~~ 70% ~ J: 13{_] FFYLlt§ IP] tt 131,_J, li~~fU ffi ~F 1:¥' WJ~ 

~m~ 1:¥' WJm~MJa Mr*J.69r~$ H:kr}JfJ~13{_J El3(a)1ir1=: 131,_J $ H:k o 

s.~:;tx~~*1mJ£~:1:f~.Jt~filfrr,mJ£~*J.6~1~.~~1aM-=t-
30 ~& ~Z1*11:tt~1~8t Mitl $H:kstffi:Pfb£129: ~1:t:l:fu, i~Ja~}J-=f~t3: fELJVGMJa 

Mr, m~MJaMr, ffl~~-~~#ttJaMr, ~~~#tt*J.6JaZ9:1ra 
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6. ~o~:fu ~* 1 J=iJrj£ atn~~. Jt*'t1iE1=Er, w ~c2) ~, *m W1=Ett~w to1~ 

m?faffiatM:£t:1:i'f ~¥o 

5 7. Mi t1 :$ Ht~ Jt ffi fij £ !El at ffl :i£ , ffl T 1~ ~i ~ j!gJ ~~~la Z91 r ~ ~ ~ jllj~q1JU1~ 

·t& ~ tt rm ~IR ~JJ :5'r ~:$Ht ffi fij £ !El :tz ~ 0 

8. ~;frp:m:tJI at~ WJff :rr~M:£t, J=ifrj£ ~ j!gJff :rr~M:£t15~: 

~~_g 1, Jt fi~llJ$~~:5'rrJJ a<J Mit1 :$Ht; !J-R 

10 :tzix_g 2, "E1t3 ~D~~~Ja ~JJr 2z ~ z~11:tta:t~at:5'rrJJ:$Htffifij£!El 0 

9.~~~~*8Efrj£at:m:fflat~Dff:rr~M:£t,Jt~~1=Ef,Efrj£at~Dff 
~~M:£t"e1t3: 1¥YfM:£t(Pichia), lxJ~M:-Bt(Hansenula), ffel f'i M:-Bt(Candida), Jf 

1W, M:£t(Torulopsis); $xf.!:l:if!, J=ifrj£ at 1¥YfM:£t(Pichia)"e1 t3: GS 115, MIG 1 £ !El 

15 to MIG2 £!El~:tz~a"J-$YfM:£t, NRG] £!El" MIG] £1E!;fO MIG2 £1E!~~~at 

1¥YfWf£t, ~ HXSJ £1E!~~~at1¥YfM:£tootto 

1 O. ~Q tJZ. :fU ~ * 9 Efr j£ at 7:f r* , Jt t'¥ 1iE fr f , J=i)T j£ at MIG 1 £ !El at tt ff ~ff 

:JU~Q SEQ ID NO: 9 J=i)T~; 

20 Efrj£at MIG2 £!El atttff~ff:JU~Q SEQ ID NO: 10 J=i)r~; ~ 

Efrj£at HXSJ £!El atttff~~:JU~Q SEQ ID NO: 3 m~ 0 

J=i)Tj£at NRGJ £ !El atttff~ff:JU~Q SEQ ID N0:8 J=ifr~ o 
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A. CLASSIFICATION OF SUBJECT MATTER 

See the extra sheet 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

IPC: Cl2N, CI2R 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 

Data bases: CNABS, CPRSABS, DWPI, CPEA, SIPOABS, CNTXT, EPTXT; USTXT, WOTXT, CJFD, CNKI, ISi WEB OF 

KNOWLEDGE, GenBANK+EMBL+DDBJ 

Search terms: transcription activating related factor, containment, carbon source, mitl, methanol, yeast, Pichia, methanol induced 

transcription factor, induc+, promoter, glycerol, methanol inducible promoter, eliminate+, replac+, substitute+, remov+, sequence 

search on sequences 1 and 2 

C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 

PX CN 102757976 A (EAST CHINA UNIVERSITY OF SCIENCE AND TECHNOLOGY), 31 1-10 
October 2012 (31.10.2012), see claims 1-10 

A CN 101589146 A(NOVOZYMES A/S), 25 November 2009 (25.11.2009), see claims 1-19, 1-10 
and description, pages 9 and 18 

A CN 101857845 A (EAST CHINA UNIVERSITY OF SCIENCE AND TECHNOLOGY), 13 1-10 
October 2010 (13.10.2010), see the whole document 

~ Further documents are listed in the continuation of Box C. ~ See patent family annex. 

* Special categories of cited documents: "T" later document published after the international filing date 

"A" document defining the general state of the art which is not 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 

considered to be of particular relevance invention 

"E" earlier application or patent but published on or after the "X" document of particular relevance; the claimed invention 

international filing date cannot be considered novel or cannot be considered to involve 

"L" document which may throw doubts on priority claim(s) or 
an inventive step when the document is taken alone 

which is cited to establish the publication date of another 
"¥' document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
citation or other special reason (as specified) document is combined with one or more other such 

"O'' document referring to an oral disclosure, use, exhibition or documents, such combination being obvious to a person 

other means skilled in the art 

"F' document published prior to the international filing date 
"&" document member of the same patent family 

but later than the priority date claimed 

Date of the actual completion of the international search Date of mailing of the international search report 

07 April 2013 (07.04.2013) 18 April 2013 (18.04.2013) 

Name and mailing address of the ISA/CN: Authorized officer 
State Intellectual Property Office of the P. R. China 
No. 6, Xitucheng Road, Jimenqiao WANG, Huimei 
Haidian District, Beijing 100088, China 

Telephone No.: (86-10) 62411090 
Facsimile No.: (86-10) 62019451 

Form PCT/ISA/210 (second sheet) (July 2009) 
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International application No. 

PCT/CN2012/084642 

Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet) 

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was 

carried out on the basis of a sequence listing filed or furnished: 

a. (means) 

□ on paper 

~ in electronic form 

b. (time) 

~ in the international application as filed 

□ together with the international application in electronic form 

□ subsequently to this Authority for the purposes of search 

2. □ In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required 

statements that the information in the subsequent or additional copies is identical to that in the application as filed or does not go 

beyond the application as filed, as appropriate, were furnished. 

3. Additional comments: 

Form PCT/ISA/210 (continuation of first sheet (1)) (July 2009) 
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INTERNATIONAL SEARCH REPORT 
International application No. 

PCT/CN2012/084642 

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 

Category* 

A 

A 

A 

A 

Citation of document, with indication, where appropriate, of the relevant passages 

LIN-CEREGHINO, G.P. et al., "Mxrlp, a key regulator of the methanol Utilization pathway 

and peroxisomal genes in pichia pastoris", MOLECULAR AND CELLULAR BIOLOGY, 

vol. 26, no. 3, pages 883-897, February 2006, see the whole document 

DE, S.K., "Pichia pastoris GS115 hypothetical protein (PAS_chr3_0836) mRNA, complete 

eds", GenBank accession number: XM_002493021, 22 July 2009 (22.07.2009), see the 

whole document 

CAI, Mengnan, "Glycerol-limitation-induced production of recombinant proteins in 

Hansenulapolymorpha", MASTER'S DEGREE THESIS OF INSTITUTE OF 

MICROBIOLOGY AND BIOCHEMISTRY, NATIONAL TAIWAN UNIVERSITY. 11 

May 2010 (11.05.2010), see the whole document 

YING, Guoxin; "Screening of the Differentially Expressed Genes and Cystatin C 

Expression in the Deafferented Hippocampus", CHINA DOCTORAL DISSERTATIONS 

FULL-TEXT DATABASE (BASIC SCIENCES), ISSN 1671-6779, 2003, no. 2, 20 July 

2003 (20.07.2003), see page 32 

Form PCT/ISA/210 (continuation of second sheet) (July 2009) 

Relevant to claim No. 

1-10 

4 

1-10 

1-10 
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in the Report 

CN 102757976 A 

CN 101589146A 

CN 101857845 A 

Publication Date 

31.10.2012 

25.11.2009 

13.10.2010 

Form PCT/ISA/210 (patent family annex) (July 2009) 

International application No. 

PCT/CN2012/084642 

Patent Family Publication Date 

None 

US 2012142053 Al 07.06.2012 

US 2009311749 Al 17.12.2009 

WO 2008090211 Al 31.07.2008 

JP 2010516268 A 20.05.2010 

US 8143023 B2 27.03.2012 

US 8236528 B2 07.08.2012 

IN 200904439 P4 02.10.2009 

EP 2106447 Al 07.10.2009 

None 
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~~jf. $itf~ 
00 ~ff- #i ~ ti E PCT /CN2012/084642 

A. ::E~~(]~~ 

~ JA!.llff1J!lJYr 

~~~~~~#~Wq~~~at~AA~*#~~IPC~~#~ 

B. ~~1il!i§X 

fit~ s{J :ild~ N~U!t:,1[~(:flF BJ]#~* g3tfo #~ ~) 

IPC: Cl2N, Cl2R 

~*tE~~ffi~~s{J~-~~Nx~~*s{J~~x• 

tE ~ ~jf.~ ~at~ 13El s{J ~ =f 'i&~ J$('i&ffi )$13{] ~ :ffjz , lD 1tffl s{J~~iifJ C :Po ftffl) ) 

'i&ffi !l=: CNABS, CPRSABS, DWPI, CPEA, SIPOABS, CNTXT, EPTXT, USTXT, WOTXT, CJFD, CNKI, ISI WEB OF 

KNOWLEDGE, GenBANK +EivIBL+DDBJ 

~j,,:iifJ: Ej3 ff. ffl"-BJ:, ¥$ffl"-£t, ~:SR~i%fflfriEl=f, E!3 ff i~ ~ st~ :SR IE! =r- • itYIE, JEli9:J=f, i~~- 1~rni. ~ftu. 
I:fR1t, 1t~, :@it~, f¥1 ff~ ~_lM lEl z:}J =f , mitl, methanol, yeast, Pichia, methanol induced transcription factor, induc+, 

promoter, glycerol, methanol inducible promoter, eliminate+, replac+,substitute+, remov+, frTff:?Ll 1 f□ 2 s{JJ¥:yLl 

fitj,,: 

C. f§*Jt14 

* = ~* 5lfflx14', £,~at, j§/BJ§fflfr~~ ffl * s{J t1<.fU ~ * 
PX CNl02757976A C.$*Jll!_I:;k:~) , 31.10 J§ 2012 (31.10.2012) , 1-10 

~ J\!.txlLl~;/< 1-10 

A CNl01589146A Ci~iift0i:,J) . 25.11 J=l 2009 05.11.2009) 1-10 

~J\!tiz.lU~;/< 1-19, iJlSjj-=t5~ 9 l□ 18 ]I'.[ 

A CNl01857845A ( $*Jll!_I:;k:~) , 13.10 J=l 2010 (13.10.2010) , 1-10 

~J\!1c:x 

~ ;!t~Jrf4'tt Ct~ i'!{Jt~JY[ ~:?Ll tll o 
~ JJi!.~Ji~~lUllfH:f:c 

* '3lffl:stftJ:1¥JJl.{2);:~:@, "T" fr$ ili B ~{lt5t;:j;JI. B zf§' ~;ff], ~ $ il'Pf 1§~, 1E!j;J T 
"A" i,,\j;J ~'tt!)jf Jt§*l¥J~~ TIJi\Wtitf: ~~Vt~ 1¥.J:st f tj: :E_lfr!' 'fl. IJJ:J Zllit ~~:El BtltEJ§' :st ftj: 
"E., fr~~ffe~B Btl37:E!--:lv_)§0;f!JB~±5t$ili~~IJ "X" t¥iiJ::t§*l¥J:stf4=' •~m~ ~~:stf4=, v\~~:>Kf*'rf'Btl 
"L" 1lT1~tx1tlt5'c«~:>K¾J,61>:.·tHJli'r{]Jtf4, gx;j;Jiftlk:'JJ~- 'fl.BJJ~~ffi*mat1~~AWfWmt1 

'71 ffl:stfc/=i'!"J0;f!J B iffi '3 lffl 1¥.JM~~ J:t1tM¥Ji,1;:EIEi3rr55I 'T' t¥iiJt§*B"JJt1c/=, ~~>[#~~--~~$-~~>[# 
ffl E[{_)Jtfc/= CizrIA~iR)lJl Ef{J) £jlf if# _§_.i3:5frr£jlf ii-x1r:$:®lJ_g\tJst:;;f\.Am j;J.ill! 1n.~ .W.at, 

"~~&D~0H.~ffl.~M~~~~~0ffEf{JJt# ~)J<1:~tr1st1'll.f:!.El~Jl_W1tumtt 
"P" 0;f!J a 5'croo~i $ii a 1E!isrm~)J<at111t5'c«B 1¥.JJtfc/= "&" fi,JJi~~ fU a<i Jt14= 

OOr1f.~~~~j5'c$;s{J B :li,}j 00~~~:t!H'.rffi~~ B :li,}j 
07.4 J=l 2013 (07.04.2013) 18.4 ~ 2013 (18.04.2013) 

ISA/CN ${].'.f;f.$,fUS~~:l:l!!J:il:: xi'J.§./J:t 
q:i1t,A~~;t;r1~ ~%~QiRr~xffi1 .=E~ffi cp oo:1tJ#rm.~fJE1R:liilnm®±:1ii1lEi 6 % 10008s 

.. t:!..i ..... ,, 

rt'J'l%: (86-10)62019451 Et!.i!i~'!iij: (86-10) 62411090 

PCT/ISA/210 ~(~ 2 .!tf) (2009 4 7 }§) 
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Geoffrey Paul Lin-Cereghino ~, "Mxr 1 p, a key regulator of the methanol 1-10 

Utilization pathway and peroxisomal genes in pichia pastoris" , Molecular 
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De Schutter,K., "Pichia pastoris GS115 hypothetical protein 
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METHODS AND COMPOSITIONS FOR AFFECTING THE 
FLAVOR AND AROMA PROFILE OF CONSUMABLES 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority to U.S. Application Serial No. 13/941,211, filed 

July 12, 2013, U.S. Application Serial No. 61/908,634, filed November 25, 2013, and to 

U.S. Application Serial No. 61/751,816, filed January 11, 2013, and is related to the 

5 following co-pending patent applications: Application Serial No. PCT/US12/46560; 

Application Serial No PCT/US12/46552; Application Serial No. 61,876,676, filed 

September 11, 2013; and Application Serial No. 61/751,818, filed January 11, 2013, all 

of which are incorporated herein by reference. 

10 

15 

TECHNICAL FIELD 

This invention relates to food products and more particularly, to food products 

that include a highly conjugated heterocyclic ring complexed to iron such as a heme­

cofactor and one or more flavor precursor molecules. 

BACKGROUND 

Food is any substance that is either eaten or drunk by any animal, including 

humans, for nutrition or pleasure. It is usually of plant or animal origin, and can contain 

essential nutrients, such as carbohydrates, fats, proteins, vitamins, or minerals. The 

substance is ingested by an organism and assimilated by the organism's cells in an effort 

20 to produce energy, maintain life, or stimulate growth. 

Food typically has its origin in a photosynthetic organism, such as a plant. Some 

food is obtained directly from plants, but even animals that are used as food sources are 

raised by feeding them food which is typically derived from plants. 

In most cases, the plant or animal food source is fractionated into a variety of 

25 different portions, depending upon the purpose of the food. Often, certain portions of the 

plant, such as the seeds or fruits, are more highly prized by humans than others and these 
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are selected for human consumption, while other less desirable portions, such as the 

stalks of grasses, are typically used for feeding animals. 

Current plant-based meat substitutes have largely failed to cause a shift to a 

vegetarian diet. Meat substitute compositions are typically extruded soy/grain mixtures 

5 which largely fail to replicate the experience of cooking and eating meat. Common 

limitations of plant-based meat substitute products are a texture and mouth-feel that are 

more homogenous than that of equivalent meat products. Furthermore, as these products 

must largely be sold pre-cooked, with artificial flavors and aromas pre-incorporated, they 

fail to replicate the aromas, flavors, and other key features, such as texture and mouth-

10 feel, associated with cooking or cooked meat. As a result, these products appeal largely 

to a limited consumer base that is already committed to vegetarianism/veganism, but 

have failed to appeal to the larger consumer segment accustomed to eating meat. It 

would be useful to have improved plant-based meat substitutes which better replicate the 

aromas and flavors of meat, particularly during and/or after cooking. 

15 SUMMARY 

Provided herein are methods and compositions for modulating the flavor and/or 

aroma profile of consumable food products, including animal- or non-animal (e.g., plant) 

based food products, or mixtures of animal- and non-animal-based food products. In 

some embodiments, the methods and compositions are useful for modulating the flavor 

20 and/or aroma profile of a consumable food product during and/or after the cooking 

process. In some embodiments, the methods and compositions are used to generate one 

or more chemical compounds that modulate the flavor and/or aroma profile of the 

consumable food product during and/or after the cooking process. 

As provided herein, and without being bound by theory, certain characteristic 

25 meaty flavors and/or aromas (e.g., beefy, bacony, umami, savory, bloody, brothy, gravy, 

metallic, bouillon-like; see Tables 2, 7, and 11), including one or more specific chemical 

compounds associated with the same (see Tables 3, 8, 9, 12, 14, 16, or 17), are believed 

to be produced during the cooking process of a consumable food product by chemical 

reaction of one or more flavor precursor molecules or compositions catalyzed by the 
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presence of a highly conjugated heterocyclic ring complexed to an iron ion ( e.g., a heme 

moiety; or a porphyrin; a porphyrinogen; a corrin; a corrinoid; a chlorin; a 

bacteriochorophyll; a corphin; a chlorophyllin; a bacteriochlorin; or an isobacteriochlorin 

moiety complexed to an iron ion). Such highly conjugated heterocycylic moieties 

5 include heterocyclic aromatic rings composed of one or more (2, 3, or 4 more) pyrrole, 

pyrrole-like, and/or pyrroline subunits. The highly conjugated heterocyclic ring 

complexed to an iron ion is referred to herein as an iron complex. In some embodiments, 

the heme moiety can be a heme cofactor such as a heme moiety bound to a protein; a 

heme moiety bound to a non-proteinaceous polymer; a heme moiety bound to a solid 

10 support; or a heme moiety encapsulated in a liposome. In some embodiments, the flavors 

and/or aromas are not generated in the absence of the iron complex (e.g., in the absence 

of a ferrous chlorin) or are not generated in the absence of a heme-cofactor ( e.g., in the 

absence of a heme-containing protein). Accordingly, as described herein, the iron 

complexes such as isolated chlorin-iron complexes or heme-cofactors ( e.g., heme-

15 containing proteins) can be used to generate meaty flavors and/or aromas in a variety of 

food products, such as during the cooking process. 

Combining one or more iron complexes such as a heme-cofactor ( e.g., a heme­

containing protein, including, for example a plant-derived heme protein such as a plant 

leghemoglobin (legH)), with one or more flavor precursor molecules or compositions 

20 (see, e.g., Table 1 or Table 13) can generate or provide a range of savory and meaty 

aromas and tastes (see, e.g., Tables 2, 7, and/or 11) in a cooked consumable food product. 

Flavor precursor molecules or compositions can be added to the uncooked food product 

in purified form and/or can be derived from ingredients in the uncooked consumable food 

product that contain and/or are enriched with one or more of the particular flavor 

25 precursors or compositions, including, for example, yeast extract, vegetable oil, com oil, 

soybean oil, palm fruit oil, palm kernel oil, safflower oil, flaxseed oil, rice bran oil, 

cottonseed oil, olive oil, canola oil, sunflower oil, coconut oil, mango oil, or an algal oil. 

The resultant flavor and/or aroma profile can be modulated by the type and concentration 

of the flavor precursors, the pH of the reaction, the length of cooking, the type and 

30 amount of iron complex (e.g., a heme cofactor such as a heme-containing protein), the 
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temperature of the reaction, and the amount of water activity in the product, among other 

factors. 

One or more flavor precursor molecules or compositions can be added along with 

a iron complex ( e.g., ferrous chlorophyllin or a heme cofactor such as a heme-containing 

5 protein), to an uncooked food product, before and/or during the cooking process, to give 

the cooked consumable food product a particular meaty taste and smell, for example, the 

taste and smell of beef, bacon, pork, lamb, or chicken. Consumable food products can be 

animal or non-animal based ( e.g., plant) food products, or combinations of an animal and 

non-animal based food product. For example, a plant based veggie burger or an animal-

10 based burger, such as a chicken burger, can be modified with the compositions and 

methods of the present disclosure to result in a burger having a cooked flavor and/or 

aroma profile that is more meat like, e.g., beef-like, lamb-like, pork-like, turkey-like, 

duck-like, deer-like, yak-like, bison-like or other desirable meat flavor. 

Food products for use in the present disclosure include those that have an iron-

15 complex ( e.g., a heme cofactor such as a heme-containing protein), and one or more 

flavor precursor molecules included therein. The iron-complex such as a heme cofactor 

( e.g., a heme-containing protein) and the one or more flavor precursor molecules can be 

homogenously or heterogeneously included in the food products. A heme protein can be 

isolated and purified prior to inclusion in the food product. Non-limiting examples of 

20 consumable food products which can include an iron complex such as a heme-cofactor 

( e.g., a heme-containing protein) and one or more flavor precursor molecules include 

animal-based or non-animal ( e.g., plant-based), or combinations of animal-based and 

non-animal-based, food products in the form of hot dogs, burgers, ground meat, sausages, 

steaks, filets, roasts, breasts, thighs, wings, meatballs, meatloaf, bacon, strips, fingers, 

25 nuggets, cutlets, or cubes. 

Consumable food products for use in the present disclosure can be flavor additive 

compositions, e.g., for addition to another consumable food product before, during, or 

after its cooking process. A flavor additive composition can include an iron complex 

such as a heme-cofactor ( e.g., a heme-containing protein), and one or more flavor 

30 precursors. 
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A flavor additive composition can include a heme protein, e.g., an isolated and 

purified heme protein; such a flavor additive composition can be used to modulate the 

flavor and/or aroma profile of a consumable food product that comprises one or more 

flavor precursor molecules or compositions. A flavor additive composition can include 

5 one or more flavor precursor molecules or compositions; such a flavor additive 

composition can be used to modulate the flavor and/or aroma profile of a consumable 

food product that comprises the heme protein, e.g., an isolated and purified heme protein. 

A flavor additive composition can be in the form, of but not limited to, soup or 

stew bases, bouillon, e.g., powder or cubes, flavor packets, or seasoning packets or 

10 shakers. Such flavor additive compositions can be used to modulate the flavor and/or 

aroma profile for a variety of consumable food products, and can be added to a 

consumable food product before, during, or after cooking of the consumable food 

product. 

In some embodiments, a flavor additive composition such as one including an 

15 iron complex ( e.g., ferrous chlorin or a heme protein) and one or more flavor precursors 

can be reacted (e.g., in vitro) with heating to generate a particular flavor and/or aroma 

profile of interest and the resultant product mixture can be added to the consumable food 

product of interest, which can then be eaten as-is or can be additionally modified, e.g., by 

additional cooking. In some embodiments, the iron complex can be removed from the 

20 resultant product mixture before adding the product mixture to the consumable food 

product of interest. For example, the iron complex can be removed from the product 

mixture using chromatographic techniques such as column chromatography, e.g., a 

column containing heme or iron-chlorin. 

In some embodiments, the iron complex such as a heme-cofactor, e.g., a heme-

25 protein, and the one or more flavor precursor flavor additive compositions can be soy­

free, wheat-free, yeast-free, MSG-free, and free of protein hydrolysis products, and can 

taste meaty, highly savory, and without off odors or flavors. 

In one aspect, this document features a food product that includes an iron complex 

such as a heme moiety, or a porphyrin, a porphyrinogen, a corrin, a corrinoid, a chlorin, a 

30 bacteriochorophyll, a corphin, a chlorophyllin, a bacteriochlorin, or an isobacteriochlorin 
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moiety complexed to an iron ion and one or more flavor precursor molecules selected 

from the group consisting of glucose, fructose, ribose, arabinose, glucose-6-phosphate, 

fructose 6-phosphate, fructose 1,6-diphosphate, inositol, maltose, sucrose, maltodextrin, 

glycogen, nucleotide-bound sugars, molasses, a phospholipid, a lecithin, inosine, inosine 

5 monophosphate (IMP), guanosine monophosphate (GMP), pyrazine, adenosine 

monophosphate (AMP), lactic acid, succinic acid, glycolic acid, thiamine, creatine, 

pyrophosphate, vegetable oil, algal oil, com oil, soybean oil, palm fruit oil, palm kernel 

oil, safflower oil, flaxseed oil, rice bran oil, cottonseed oil, sunflower oil, canola oil, olive 

oil, a free fatty acid, cysteine, methionine, isoleucine, leucine, lysine, phenylalanine, 

10 threonine, tryptophan, valine, arginine, histidine, alanine, asparagine, aspartate, 

glutamate, glutamine, glycine, praline, serine, tyrosine, glutathione, an amino acid 

derivative, a protein hydrolysate, a malt extract, a yeast extract, and a peptone. The heme 

moiety can be a heme-containing protein, a heme moiety bound to a non-peptidic 

polymer; or a heme moiety bound to a solid support. The heme-containing protein can be 

15 a plant, mammalian, a yeast or filamentous fungi, or bacterial heme-containing protein. 

The food product can include two to one hundred, two to fifty flavor precursors, two to 

forty flavor precursors, two to thirty-five flavor precursors, two to ten flavor precursors, 

or two to six flavor precursors. In some embodiments, the one or more flavor precursor 

molecules are selected from the group consisting of glucose, ribose, cysteine, a cysteine 

20 derivative, thiamine, alanine, methionine, lysine, a lysine derivative, glutamic acid, a 

glutamic acid derivative, IMP, GMP, lactic acid, maltodextrin, creatine, alanine, arginine, 

asparagine, aspartate, glutamic acid, glutamine, glycine, histidine, isoleucine, leucine, 

methionine, phenylalanine, praline, threonine, tryptophan, tyrosine, valine, linoleic acid, 

and mixtures thereof. The heme-containing protein can be a non-symbiotic hemoglobin 

25 or a leghemoglobin (e.g., a plant leghemoglobin such as one from soybean, alfalfa, lupin, 

pea, cow pea, or lupin). The heme-containing protein can include an amino acid sequence 

having at least 80% sequence identity to a polypeptide set forth in SEQ ID NOs:1-26. 

The heme-containing protein can be isolated and purified. The food product further can 

include a food-grade oil, a seasoning agent, a flavoring agent, a protein, a protein 

30 concentrate, an emulsifier, a gelling agent, or a fiber. The food product can be a meat 
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substitute, a soup base, stew base, snack food, bouillon powder, bouillon cube, a flavor 

packet, or a frozen food product. Any of the food products can be free of animal 

products. The food product can be sealed within a packet or shaker. 

This document also features a method for producing a flavor compound. The 

5 method can include combining an iron complex ( e.g., a heme moiety, a porphyrin, a 

porphyrinogen, a corrin, a corrinoid, a chlorin, a bacteriochorophyll, a corphin, a 

chlorophyllin, a bacteriochlorin, or an isobacteriochlorin complexed to an iron) and one 

or more flavor precursor molecules to form a mixture, the one or more flavor precursor 

molecules selected from the group consisting of glucose, fructose, arabinose, ribose 

10 glucose-6-phosphate, fructose 6-phosphate, fructose 1,6-diphosphate, inositol, maltose, 

sucrose, maltodextrin, glycogen, nucleotide-bound sugars, molasses, a phospholipid, a 

lecithin, inosine, inosine monophosphate (IMP), guanosine monophosphate (GMP), 

pyrazine, adenosine monophosphate (AMP), lactic acid, succinic acid, glycolic acid, 

thiamine, creatine, pyrophosphate, vegetable oil, algal oil, corn oil, soybean oil, palm 

15 fruit oil, palm kernel oil, safflower oil, flaxseed oil, rice bran oil, cottonseed oil, canola 

oil, olive oil, sunflower oil, flaxseed oil, coconut oil, mango oil, a free fatty acid, 

cysteine, methionine, isoleucine, leucine, lysine, phenylalanine, threonine, tryptophan, 

valine, arginine, histidine, alanine, asparagine, aspartate, glutamate, glutamine, glycine, 

proline, serine, tyrosine, glutathione, an amino acid derivative, a protein hydrolysate, a 

20 malt extract, a yeast extract, and a peptone; and heating the mixture to form one or more 

flavor compounds selected from the group consisting of phenylacetaldehyde, 1-octen-3-

one, 2-n-heptylfuran, 2-thiophenecarboxaldehyde, 3-thiophenecarboxaldehyde, 

butyrolactone, 2-undecenal, pyrazine, methyl-, furfural, 2-decanone, pyrrole, 1-octen-3-

ol, 2-acetylthiazole, (E)-2-octenal, decanal, benzaldehyde, (E)-2-nonenal, pyrazine, 1-

25 hexanol, 1-heptanol, dimethyl trisulfide, 2-nonanone, 2-pentanone, 2-heptanone, 2,3-

butanedione, heptanal, nonanal, 2-octanone, 1-octanol, 3-ethylcyclopentanone, 3-octen-2-

one, (E,E)-2,4-heptadienal, (Z)-2-heptenal, 2-heptanone, 6-methyl-, (Z)-4-heptenal, 

(E,Z)-2,6-nonadienal, 3-methyl-2-butenal, 2-pentyl-furan, thiazole, (E, E)-2,4-

decadienal,, hexanoic acid, 1-ethyl-5-methylcyclopentene, (E,E)-2,4-nonadienal, (Z)-2-

30 decenal, dihydro-5-pentyl-2(3H)-furanone, trans-3-nonen-2-one, (E,E)-3,5-octadien-2-
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one, (Z)-2-octen-1-ol, 5-ethyldihydro-2(3H)-furanone, 2-butenal, 1-penten-3-ol, (E)-2-

hexenal, formic acid, heptyl ester, 2-pentyl-thiophene, (Z)-2-nonenal, 2-hexyl-thiophene, 

(E)-2-decenal, 2-ethy 1-5-methy 1-pyrazine, 3-ethyl-2 ,5-dimethy 1-pyrazine, 2-ethyl-1-

hexanol, thiophene, 2-methyl-furan, pyridine, butanal, 2-ethyl-furan, 3-methyl-butanal, 

5 trichloromethane, 2-methyl-butanal, methacrolein, 2-methyl-propanal, propanal, 

acetaldehyde, 2-propyl-furan, dihydro-5-propyl-2(3H)- furanone, 1,3-hexadiene, 4-

decyne, pentanal, 1-propanol, heptanoic acid, trimethyl-ethanethiol,, 1-butanol, 1-

penten-3-one, dimethyl sulfide, 2-ethyl furan, 2-pentyl-thiophene, 2-propenal, 2-tridecen-

1-ol, 4-octene, 2-methyl thiazole,, methyl-pyrazine, 2-butanone, 2-pentyl-furan, 2-

10 methyl-propanal, butyrolactone,, 3-methyl-butanal, methyl-thiirane, 2-hexyl-furan, 

butanal,, 2-methyl-butanal, 2-methyl-furan, furan, octanal, 2-heptenal, 1-octene, formic 

acid heptyl ester, 3-pentyl-furan, and 4-penten-2-one. The heme moiety can be a heme­

containing protein, a heme moiety bound to a non-peptidic polymer; or a heme moiety 

bound to a solid support. The method can include combining cysteine, ribose, lactic acid, 

15 lysine, and/or thiamine with the heme-containing protein. 

In another aspect, this document features a method for producing a flavor 

compound. The method includes combining an iron complex, such as a heme-containing 

protein, and one or more flavor precursor molecules to form a mixture, the one or more 

flavor precursor molecules selected from the group consisting of glucose, fructose, 

20 ribose, arabinose, glucose-6-phosphate, fructose 6-phosphate, fructose 1,6-diphosphate, 

inositol, maltose, sucrose, maltodextrin, glycogen, nucleotide-bound sugars, molasses, a 

phospholipid, a lecithin, inosine, IMP, GMP, pyrazine, AMP, lactic acid, succinic acid, 

glycolic acid, thiamine, creatine, pyrophosphate, vegetable oil, algal oil, com oil, soybean 

oil, palm fruit oil, palm kernel oil, safflower oil, flaxseed oil, rice bran oil, cottonseed oil, 

25 olive oil, sunflower oil, canola oil, flaxseed oil, coconut oil, mango oil, a free fatty acid, 

methionine, cysteine, isoleucine, leucine, lysine, phenylalanine, threonine, tryptophan, 

valine, arginine, histidine, alanine, asparagine, aspartate, glutamate, glutamine, glycine, 

proline, serine, tyrosine, glutathione, an amino acid derivative, a protein hydrolysate, a 

malt extract, a yeast extract, and a peptone; and heating the mixture to form one or more 
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flavor compounds set forth in Tables 3, 8, or 9. For example, the flavor precursors can 

include cysteine, a sugar, and one or more other precursors. 

This document also features a method for imparting a meat like flavor (e.g., beef­

like, chicken like, pork-like, lamb-like, turkey-like, duck-like, deer-like, or bison-like) to 

5 a food product. The method includes contacting the food product with a flavoring 

composition, the flavoring composition comprising i) an iron complex, such as a heme 

moiety ( e.g., a heme-containing protein); and ii) one or more flavor precursor molecules 

selected from the group consisting of glucose, fructose, ribose, arabinose, glucose-6-

phosphate, fructose 6-phosphate, fructose 1,6-diphosphate, inositol, maltose, sucrose, 

10 maltodextrin, glycogen, nucleotide-bound sugars, molasses, a phospholipid, a lecithin, 

inosine, IMP, GMP, pyrazine, AMP, lactic acid, succinic acid, glycolic acid, thiamine, 

creatine, pyrophosphate, vegetable oil, algal oil, com oil, soybean oil, palm fruit oil, palm 

kernel oil, safflower oil, flaxseed oil, rice bran oil, cottonseed oil, olive oil, sunflower oil, 

canola oil, flaxseed oil, coconut oil, mango oil, a free fatty acid, cysteine, methionine, 

15 isoleucine, leucine, lysine, phenylalanine, threonine, tryptophan, valine, arginine, 

histidine, alanine, asparagine, aspartate, glutamate, glutamine, glycine, proline, serine, 

tyrosine, glutathione, an amino acid derivative, a protein hydrolysate, a malt extract, a 

yeast extract, and a peptone; wherein after heating the food product and the flavoring 

composition together, a meat like flavor ( e.g., beef-like, chicken like, pork-like, lamb-

20 like, turkey-like, duck-like, deer-like, or bison-like) is imparted to the food product. In 

some embodiments, the iron complex is removed from the food product. The flavoring 

composition further can include a seasoning agent, a flavoring agent, a protein, a protein 

concentrate, or an emulsifier. The flavoring composition can be sealed within a packet or 

shaker. 

25 In another aspect, this document features a method of making a food product. 

The method includes combining an isolated heme-containing protein and one or more 

flavor precursor molecules to form a mixture, the one or more flavor precursor molecules 

selected from the group consisting of glucose, fructose, ribose, arabinose, glucose-6-

phosphate, fructose 6-phosphate, fructose 1,6-diphosphate, inositol, maltose, sucrose, 

30 maltodextrin, glycogen, nucleotide-bound sugars, molasses, a phospholipid, a lecithin, 
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inosine, IMP, GMP, pyrazine, AMP, lactic acid, succinic acid, glycolic acid, thiamine, 

creatine, pyrophosphate, sunflower oil, coconut oil, canola oil, flaxseed oil, mango oil, a 

free fatty acid, cysteine, methionine, isoleucine, leucine, lysine, phenylalanine, threonine, 

tryptophan, valine, arginine, histidine, alanine, asparagine, aspartate, glutamate, 

5 glutamine, glycine, praline, serine, tyrosine, glutathione, an amino acid derivative, a 

protein hydrolysate, a malt extract, a yeast extract, and a peptone; and heating the 

mixture. 

Unless otherwise defined, all technical and scientific terms used herein have the 

same meaning as commonly understood by one of ordinary skill in the art to which this 

10 invention pertains. Although methods and materials similar or equivalent to those 

described herein can be used to practice the invention, suitable methods and materials are 

described below. All publications, patent applications, patents, and other references 

mentioned herein are incorporated by reference in their entirety. In case of conflict, the 

present specification, including definitions, will control. In addition, the materials, 

15 methods, and examples are illustrative only and not intended to be limiting. 

The details of one or more embodiments of the invention are set forth in the 

accompanying drawings and the description below. Other features, objects, and 

advantages of the invention will be apparent from the description and drawings, and from 

the claims. The word "comprising" in the claims may be replaced by "consisting 

20 essentially of' or with "consisting of," according to standard practice in patent law. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 contains amino acid sequences of exemplary heme-containing proteins. 

FIG. 2 is a bar graph of the beefiness rating of the meat replica with or without the 

Magic Mix, both samples in triplicate with 1 % w/v LegH protein. Tasters rated beefiness 

25 on a scale from 1-7, with 1 being not beefy at all and 7 being exactly like ground beef. 

DETAILED DESCRIPTION 

This document is based on methods and materials for modulating the taste and/or 

aroma profile of food products. As described herein, compositions containing one or 
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more flavor precursors and one or more highly conjugated heterocyclic rings complexed 

to an iron (referred to herein as an iron complex) can be used to modulate the taste and/or 

aroma profile of food products. Such iron complexes include heme moieties or other 

highly conjugated heterocylic rings complexed to an iron ion (referred to as an iron 

5 complex). "Heme" refers to a prosthetic group bound to iron (Fe2+ or Fe3+) in the center 

of a porphyrin ring. Thus, an iron complex can be a heme moiety, or a porphyrin, 

porphyrinogen, corrin, corrinoid, chlorin, bacteriochorophyll, corphin, chlorophyllin, 

bacteriochlorin, or isobacteriochlorin moiety complexed to iron ion. The heme moiety 

that can be used to modulate the taste and/or aroma profile of food products can be a 

10 heme cofactor such as a heme-containing protein; a heme moiety bound to a non-peptidic 

polymer or other macromolecule such as a liposome, a polyethylene glycol, a 

carbohydrate, a polysaccharide, a cyclodextrin, a polyethylenimine, a polyacrylate, or 

derivatives thereof; a siderophore (i.e., an iron chelating compound); or a heme moiety 

bound to a solid support (e.g., beads) composed of a chromatography resin, cellulose, 

15 graphite, charcoal, or diatomaceous earth. 

20 

25 

In some embodiments, the iron complexes catalyze some reactions and produce 

flavor precursors without heating or cooking. In some embodiments, the iron complex 

destabilizes upon heating or cooking and releases the iron, e.g., the protein is denatured, 

so flavor precursors can be generated. 

Suitable flavor precursors include sugars, sugar alcohols, sugar derivatives, oils 

(e.g., vegetable oils), free fatty acids, alpha-hydroxy acids, dicarboxylic acids, amino 

acids and derivatives thereof, nucleosides, nucleotides, vitamins, peptides, protein 

hydrolysates, extracts, phospholipids, lecithin, and organic molecules. Non-limiting 

examples of such flavor precursors are provided in Table 1. 

TABLE 1 

Flavor Precursor Molecules 

Sugars, sugar alcohols, sugar acids, and sugar derivatives: glucose, fructose, 

ribose, sucrose, arabinose, glucose-6-phosphate,fructose-6-phosphate, fructose 

1,6-diphosphate, inositol, maltose, molasses, maltodextrin, glycogen, galactose, 
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lactose, ribitol, gluconic acid and glucuronic acid, amylose, amylopectin, or 

xylose 

Oils: coconut oil, mango oil, sunflower oil, cottonseed oil, safflower oil, rice 

bran oil, cocoa butter, palm fruit oil, palm oil, soybean oil, canola oil, com oil, 

sesame oil, walnut oil, flaxseed, jojoba oil, castor, grapeseed oil, peanut oil, olive 

oil, algal oil, oil from bacteria or fungi 

Free fatty acids: caprylic acid, capric acid, lauric acid, myristic acid, palmititic 

acid, palmitoleic acid, stearic, oleic acid, linoleic acid, alpha linolenic acid, 

gamma linolenic acid, arachidic acid, arachidonic acid, behenic acid, or erucic 

acid 

Amino acids and derivatives thereof: cysteine, cystine, a cysteine sulfoxide, 

allicin, selenocysteine, methionine, isoleucine, leucine, lysine, phenylalanine, 

threonine, tryptophan, 5-hydroxytryptophan, valine, arginine, histidine, alanine, 

asparagine, aspartate, glutamate, glutamine, glycine, proline, serine, or tyrosine 

Nucleosides and Nucleotides: inosine , inosine monophosphate (IMP), 

guanosine, guanoside monophosphate (GMP), adenosine, adenosine 

monophosophate (AMP) 

Vitamins: thiamine, vitamin C, Vitamin D, Vitamin B6, or Vitamin E 

Misc: phospholipid, lecithin, pyrazine, creatine, pyrophosphate 

Acids: acetic acid, alpha hydroxy acids such as lactic acid or glycolic acid, 

tricarboxylic acids such as citric acid, dicarboxylic acids such as succinic acid or 

tartaric acid 

Peptides and protein hydrolysates: glutathione, vegetable protein hydrolysates, 

soy protein hydrolysates, yeast protein hydrolysates, algal protein hydrolysatess, 

meat protein hydrolysates 

Extracts: a malt extract, a yeast extract, and a peptone 

In some embodiments, one flavor precursor or combinations of two to one 

hundred flavor precursors, two to ninety, two to eighty, two to seventy, two to sixty, or 

two to fifty flavor precursors are used. For example, combinations of two to forty flavor 

12 

Case No.: IPR2023-00321 
U.S. Patent No. 10,689,656



 
Motif Exhibit 1040, Page 763 of 1537

WO 2014/110532 PCT/US2014/011347 

precursors, two to thirty-five flavor precursors, two to ten flavor precursors, or two to six 

flavor precursors can be used with the one or more iron complexes (e.g., heme co-factors 

such as a heme-containing proteins). For example, the one or more flavor precursors can 

be glucose, ribose, cysteine, a cysteine derivative, thiamine, lysine, a lysine derivative, 

5 glutamic acid, a glutamic acid derivative, alanine, methionine, IMP, GMP, lactic acid, 

and mixtures thereof (e.g., glucose and cysteine; cysteine and ribose; cysteine, glucose or 

ribose, and thiamine; cysteine, glucose or ribose, IMP, and GMP; cysteine, glucose or 

ribose, and lactic acid). For example, the one or more flavor precursors can be alanine, 

arginine, asparagine, aspartate, cysteine, glutamic acid, glutamine, glycine, histidine, 

10 isoleucine, leucine, lysine, methionine, phenylalanine, proline, threonine, tryptophan, 

tyrosine, valine, glucose, ribose, maltodextrin, thiamine, IMP, GMP, lactic acid, and 

creatine. 

As used herein, the term "heme containing protein" can be used interchangeably 

with "heme containing polypeptide" or "heme protein" or "heme polypeptide" and 

15 includes any polypeptide that can covalently or noncovalently bind a heme moiety. In 

some embodiments, the heme-containing polypeptide is a globin and can include a globin 

fold, which comprises a series of seven to nine alpha helices. Globin type proteins can be 

of any class (e.g., class I, class II, or class III), and in some embodiments, can transport or 

store oxygen. For example, a heme-containing protein can be a non-symbiotic type of 

20 hemoglobin or a leghemoglobin. A heme-containing polypeptide can be a monomer, i.e., 

a single polypeptide chain, or can be a dimer, a trimer, tetramer, and/or higher order 

oligomers. The life-time of the oxygenated Fe2+ state of a heme-containing protein can 

be similar to that of myoglobin or can exceed it by 10%, 20%, 30% 50%, 100% or more 

under conditions in which the heme-protein-containing consumable is manufactured, 

25 stored, handled or prepared for consumption. The life-time of the unoxygenated Fe2+ 

state of a heme-containing protein can be similar to that of myoglobin or can exceed it by 

10%, 20%, 30% 50%, 100% or more under conditions in which the heme-protein­

containing consumable is manufactured, stored, handled or prepared for consumption 

Non-limiting examples of heme-containing polypeptides can include an 

30 androglobin, a cytoglobin, a globin E, a globin X, a globin Y, a hemoglobin, a 
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myoglobin, an erythrocruorin, a beta hemoglobin, an alpha hemoglobin, a protoglobin, a 

cyanoglobin, a cytoglobin, a histoglobin, a neuroglobins, a chlorocruorin, a truncated 

hemoglobin (e.g., HbN or HbO), a truncated 2/2 globin, a hemoglobin 3 (e.g., Glb3), a 

cytochrome, or a peroxidase. 

5 Heme-containing proteins that can be used in the compositions and food products 

described herein can be from mammals (e.g., farms animals such as cows, goats, sheep, 

pigs, ox, or rabbits), birds, plants, algae, fungi ( e.g., yeast or filamentous fungi), ciliates, 

or bacteria. For example, a heme-containing protein can be from a mammal such as a 

farm animal (e.g., a cow, goat, sheep, pig, ox, or rabbit) or a bird such as a turkey or 

10 chicken. Heme-containing proteins can be from a plant such as Nicotiana tabacum or 

Nicotiana sylvestris (tobacco); Zea mays (corn), Arabidopsis thaliana, a legume such as 

Glycine max (soybean), Cicer arietinum (garbanzo or chick pea), Pisum sativum (pea) 

varieties such as garden peas or sugar snap peas, Phaseolus vulgaris varieties of common 

beans such as green beans, black beans, navy beans, northern beans, or pinto beans, 

15 Vigna unguiculata varieties (cow peas), Vigna radiata (Mung beans), Lupinus albus 

(lupin), or Nfedicago sativa (alfalfa); Brassica napus (canola); Triticum sps. (wheat, 

including wheat berries, and spelt); Gossypium hirsutum (cotton); Oryza sativa (rice); 

Zizania sps. (wild rice); Helianthus annuus (sunflower); Beta vulgaris (sugarbeet); 

Pennisetum glaucum (pearl millet); Chenopodium sp. (quinoa); Sesamum sp. (sesame); 

20 Liman usitatissimum (flax); or Hordeum vulgare (barley). Heme-containing proteins can 

be isolated from fungi such as Saccharornyces cerevisiae, Pichia pastoris, Magnaporthe 

oryzae, Fusarium graminearum, Aspergillus oryzae, Trichodenna reesei, Nfyceliopthera 

thermophile, Kluyvera lactis, or Fusarium o:>.ysporum. Heme-containing proteins can be 

isolated from bacteria such as Escherichia coli, Bacillus subtilis, Bacillus lichenifonnis, 

25 Bacillus megaterium, Synechocistis sp., Aquifex aeolicus, _ivfethylacidiphihan infernorum, 

or thermophilic bacteria such as Thermophilus. The sequences and structure of numerous 

heme-containing proteins are known. See for example, Reedy, et al., Nucleic Acids 

Research, 2008, Vol. 36, Database issue D307-D313 and the Heme Protein Database 

available on the world wide web at http://hemeprotein.info/heme.php. 
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For example, a non-symbiotic hemoglobin can be from a plant selected from the 

group consisting of soybean, sprouted soybean, alfalfa, golden flax, black bean, black 

eyed pea, northern, garbanzo, moong bean, cowpeas, pinto beans, pod peas, quinoa, 

sesame, sunflower, wheat berries, spelt, barley, wild rice, or rice. 

5 Any of the heme-containing proteins described herein that can be used for 

producing food products can have at least 70% (e.g., at least 75%, 80%, 85%, 90%, 95%, 

97%, 98%, 99%, or 100%) sequence identity to the amino acid sequence of the 

corresponding wild-type heme-containing protein or fragments thereof that contain a 

heme-binding motif For example, a heme-containing protein can have at least 70% 

10 sequence identity to an amino acid sequence set forth in FIG. 1, including a non­

symbiotic hemoglobin such as that from Vigna radiata (SEQ ID NO: 1 ), Hordeum vulgare 

(SEQ ID NO:5), Zea mays (SEQ ID NO: 13), Oryza sativa subsp. japonica (rice) (SEQ 

ID NO:14), or Arabidopsis thaliana (SEQ ID NO:15), a Hell's gate globin I such as that 

from A-fethylacidiphilum infernorum (SEQ ID NO:2), a flavohemoprotein such as that 

15 from Aquifex aeolicus (SEQ ID NO:3), a leghemoglobin such as that from Glycine max 

(SEQ ID NO:4), Pisum sativum (SEQ ID NO: 16), or Vigna unguiculata (SEQ ID 

NO: 17), a heme-dependent peroxidase such as from Afagnaporthe oryzae, (SEQ ID 

NO:6) or Fusarium oxysporum (SEQ ID NO:7), a cytochrome c peroxidase from 

Fusarium graminearum (SEQ ID NO:8), a truncated hemoglobin from Chlamydomonas 

20 moewusii (SEQ ID NO:9), Tetrahymenapyrifonnis (SEQ ID NO:10, group I truncated), 

Paramecium caudatum (SEQ ID NO: 11, group I truncated), a hemoglobin from 

Aspergillus niger (SEQ ID NO:12), or a mammalian myoglobin protein such as the Bos 

taunts (SEQ ID NO:18) myoglobin, Sus scrofa (SEQ ID NO:19) myoglobin, Equus 

caballus (SEQ ID NO:20) myoglobin, a heme-protein from Nicotiana benthamiana (SEQ 

25 ID NO:21), Bacillus subtilis (SEQ ID NO:22), Corynebacterium glutamicum (SEQ ID 

NO:23), Synechocystis PCC6803 (SEQ ID NO:24), Synechococcus sp. PCC 7335 (SEQ 

ID NO:25), or Nostoc commune (SEQ ID NO:26). 

The percent identity between two amino acid sequences can be determined as 

follows. First, the amino acid sequences are aligned using the BLAST 2 Sequences 

30 (Bl2seq) program from the stand-alone version of BLASTZ containing BLASTP version 
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2.0.14. This stand-alone version ofBLASTZ can be obtained from Fish & Richardson's 

web site (e.g., www.fr.com/blast/) or the U.S. government's National Center for 

Biotechnology Information web site (www.ncbi.nlm.nih.gov). Instructions explaining 

how to use the Bl2seq program can be found in the readme file accompanying BLASTZ. 

5 Bl2seq performs a comparison between two amino acid sequences using the BLASTP 

algorithm. To compare two amino acid sequences, the options of Bl2seq are set as 

follows: -i is set to a file containing the first amino acid sequence to be compared ( e.g., 

C:\seq l .txt); -j is set to a file containing the second amino acid sequence to be compared 

( e.g., C:\seq2.txt); -p is set to blastp; -o is set to any desired file name ( e.g., C:\output.txt); 

10 and all other options are left at their default setting. For example, the following 

command can be used to generate an output file containing a comparison between two 

amino acid sequences: C:\B12seq -i c:\seql.txt-j c:\seq2.txt-p blastp -o c:\output.txt. If 

the two compared sequences share homology, then the designated output file will present 

those regions of homology as aligned sequences. If the two compared sequences do not 

15 share homology, then the designated output file will not present aligned sequences. 

Similar procedures can be following for nucleic acid sequences except that blastn is used. 

Once aligned, the number of matches is determined by counting the number of 

positions where an identical amino acid residue is presented in both sequences. The 

percent identity is determined by dividing the number of matches by the length of the 

20 full-length polypeptide amino acid sequence followed by multiplying the resulting value 

by 100. It is noted that the percent identity value is rounded to the nearest tenth. For 

example, 78.11, 78.12, 78.13, and 78.14 is rounded down to 78.1, while 78.15, 78.16, 

78.17, 78.18, and 78.19 is rounded up to 78.2. It also is noted that the length value will 

always be an integer. 

25 It will be appreciated that a number of nucleic acids can encode a polypeptide 

having a particular amino acid sequence. The degeneracy of the genetic code is well 

known to the art; i.e., for many amino acids, there is more than one nucleotide triplet that 

serves as the codon for the amino acid. For example, codons in the coding sequence for a 

given enzyme can be modified such that optimal expression in a particular species ( e.g., 

30 bacteria or fungus) is obtained, using appropriate codon bias tables for that species. 
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Herne-containing proteins can be extracted from the source material ( e.g., 

extracted from animal tissue, or plant, fungal, algal, or bacterial biomass, or from the 

culture supernatant for secreted proteins) or from a combination of source materials ( e.g., 

multiple plant species). Leghernoglobin is readily available as an unused by-product of 

5 commodity legume crops (e.g., soybean, alfalfa, or pea). The amount ofleghemoglobin 

in the roots of these crops in the United States exceeds the rnyoglobin content of all the 

red meat consumed in the United States. 

In some embodiments, extracts of heme-containing proteins include one or more 

non-heme-containing proteins from the source material ( e.g., other animal, plant, fungal, 

10 algal, or bacterial proteins) or from a combination of source materials ( e.g., different 

animal, plant, fungi, algae, or bacteria). 

In some embodiments, heme-containing proteins are isolated and purified from 

other components of the source material ( e.g., other animal, plant, fungal, algal, or 

bacterial proteins). As used herein, the term "isolated and purified" indicates that the 

15 preparation of heme-containing protein is at least 60% pure, e.g., greater than 65%, 70%, 

75%, 80%, 85%, 90%, 95%, or 99% pure. Without being bound by theory, isolating and 

purifying proteins can allow the food products to be made with greater consistency and 

greater control over the properties of the food product as unwanted material is eliminated. 

Proteins can be separated on the basis of their molecular weight, for example, by size 

20 exclusion chromatography, ultrafiltration through membranes, or density centrifugation. 

In some embodiments, the proteins can be separated based on their surface charge, for 

example, by isoelectric precipitation, anion exchange chromatography, or cation 

exchange chromatography. Proteins also can be separated on the basis of their solubility, 

for example, by ammonium sulfate precipitation, isoelectric precipitation, surfactants, 

25 detergents or solvent extraction. Proteins also can be separated by their affinity to 

another molecule, using, for example, hydrophobic interaction chromatography, reactive 

dyes, or hydroxyapatite. Affinity chromatography also can include using antibodies 

having specific binding affinity for the heme-containing protein, nickel NTA for His­

tagged recombinant proteins, lectins to bind to sugar moieties on a glycoprotein, or other 

30 molecules which specifically binds the protein. 
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Herne-containing proteins also can be recornbinantly produced using polypeptide 

expression techniques ( e.g., heterologous expression techniques using bacterial cells, 

insect cells, fungal cells such as yeast, plant cells such as tobacco, soybean, or 

Arabidopsis, or mammalian cells). In some cases, standard polypeptide synthesis 

5 techniques ( e.g., liquid-phase polypeptide synthesis techniques or solid-phase 

polypeptide synthesis techniques) can be used to produce heme-containing proteins 

synthetically. In some cases, in vitro transcription-translation techniques can be used to 

produce heme-containing proteins. 

The protein used in the consumable may be soluble in a solution. In some 

10 embodiments, the isolated and purified proteins are soluble in solution at greater than 5, 

10, 15,20,25,50, 100, 150,200,or250g/L. 

In some embodiments, the isolated and purified protein is substantially in its 

native fold and water soluble. In some embodiments, the isolated and purified protein is 

more than 50, 60, 70, 80, or 90% in its native fold. In some embodiments, the isolated 

15 and purified protein is more than 50, 60, 70, 80, or 90% water soluble. 

Afodulating Flavor and/or Aroma Profiles 

As described herein, different combinations of flavor precursors can be used with 

one or more iron complexes ( e.g., a ferrous chlorin, a chlorin-iron complex, or a heme-

20 cofactor such as a heme-containing protein or heme bound to a non-peptidic polymer 

such as polyethylene glycol or to a solid support) to produce different flavor and aroma 

profiles when the flavor precursors and iron complexes are heated together ( e.g., during 

cooking). The resultant flavor and/or aroma profile can be modulated by the type and 

concentration of the flavor precursors, the pH of the reaction, the length of cooking, the 

25 type and amount of iron complex ( e.g., a heme-cofactor such as heme-containing protein, 

heme bound to non-peptidic polymer or macromolecule, or heme bound to a solid 

support), the temperature of the reaction, and the amount of water activity in the product, 

among other factors. In embodiments in which a heme moiety is bound to a solid support 

such as cellulose or a chromatography resin, graphite, charcoal, or diatomaceous earth, 

30 the solid support (e.g., beads) can be incubated with sugars and/or one or more other 
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flavor precursors to generate flavors, and then the solid support with attached heme 

moiety can be re-used, i.e., incubated again with sugars and/or one or more other flavor 

precursors to generate flavors. 

Table 2 provides non-limiting examples of flavor types that can be generated by 

5 combining one or more flavor precursors and one or more heme co-factors (e.g., heme­

containing proteins). See also Tables 7 and/or 11. 

TABLE 2 

Flavor Types 

beef beef broth 

beef dripping cheesy 

cold-cut deli meat squash 

bacon sharp 

meaty fruity 

brothy floral 

ramen musty 

egg fried food 

malty caramel 

bready barbeque 

sulfur chocolate 

fried chicken sweet 

browned potato 

pretzel french toast 

grassy breadcrust 

bloody mushroom 

broccoli chicken 

brothy cumin 

buttery umami 

metallic raisin 
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yeasty goaty 

vegetable broth 

Flavor and aroma profiles are created by different chemical compounds formed 

by chemical reactions between the heme co-factor (e.g., heme-containing protein) and 

flavor precursors. Gas chromatography-mass spectrometry (GCMS) can be used to 

5 separate and identify the different chemical compounds within a test sample. For 

example, volatile chemicals can be isolated from the head space after heating a heme­

containing protein and one or more flavor precursors. 

10 

Table 3 provides non-limiting examples of compounds that can be produced. See 

also Tables 8, 9, 12, and/or 14. 

phenylacetaldehyde 
1-octen-3-one 
2-n-heptylfuran 

2-thiophenecarboxaldehyde 
3-thiophenecarboxaldehyde 
1-octene 
butyrolactone 
2-undecenal 
propyl-cyclopropane 
methyl-pyrazine 

1-hydroxy-propanone 
acetic acid 
furfural 
2-decanone 

pyrrole 

1-octen-3-ol 
2-acetylthiazole 

(E)-2-octenal 
decanal 

TABLE3 

Compounds Produced 

2-butenal, 2-ethyl-
acetonitrile 

(E)-2-Hexenal 
4-ethyl-phenol, 
3-octanone 
styrene 
furan, 3-pentyl-
formic acid, heptyl ester 
(E)-2-Heptenal 

6-methyl-5-hepten-2-one 
n-caproic acid vinyl ester 
2-ethyl-2-hexenal 
1-hepten-3-ol 
I-ethyl-I-methyl-
cyclopentane 
3-ethyl-2-methyl-1,3-
hexadiene 
2-pentyl-thiophene 

(Z)-2-nonenal 
2-n-octylfuran 

20 

1,3-hexadiene 
4-decyne 
pentanal 
1-propanol 
heptanoic acid 
ethanethiol 
2-methyl-1-heptene 
(E)-4-octene 
2-methyl-2-heptene 
pentanoic acid 
nonanoic acid 
1,3-dimethyl-benzene 

toluene 

1-butanol 

2,3,3-trimethyl-pentane 
isopropyl alcohol 
2,2,4,6,6-pentamethyl-
heptane 
phenol 
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benzaldehyde 2-hexyl-thiophene l-penten-3-one 
(E)-2-Nonenal 4-cyclopentene-1,3-dione dimethyl sulfide 
pyrazine 1-nonanol thiirane 
1-pentanol (E)-2-decenal (E)-2-octen-1-ol 
trans-2-(2-pentenyl)furan 4-ethyl-benzaldehyde 2,4-dimethyl-1-heptene 

1,3-bis(l ,l-
1-hexanol 1,7-octadien-3-ol dimethylethyl )-benzene 
1-heptanol octanoic acid heptane 
dimethyl trisulfide 2-ethyl-5-methyl-pyrazine 4,7-dimethyl-undecane 

3-ethyl-2,5-dimethyl-
2-nonanone pyrazine acetophenone 
2-pentanone 1,3,5-cycloheptatriene tridecane 

thiophosphoramide, s-
2-heptanone 2-ethyl-1-hexanol methyl ester 
2,3-butanedione 4-methyl-octanoic acid 2-methyl-thiazole 

3-( 1-methylethoxy )-
heptanal m-aminophenylacetylene propanenitrile, 

2,4-bis(l,1-
nonanal benzene dimethylethyl)-phenol 

3-ethyl-2,2-dimethyl-
2-octanone thiophene pentane 

2-butanone 2-methyl-furan 3-ethyl-pentane 

octanal pyridine 2,3,4-trimethyl-pentane 
1-octanol furan 2,4,6-trimethyl-octane 
3-ethylcyclopentanone butanal 2,6-dimethyl-nonane 
8-methyl-1-undecene 2-ethyl-furan 2-hexyl-furan 

4-methyl-5-
3-octen-2-one carbon disulfide thiazoleethanol 
2,4-Heptadienal, (E,E)- Furan, 2-hexyl-:2 4-penten-2-one 
(Z)-2-heptenal 3-methyl-butanal 4-methylthiazole 
6-methyl-2-heptanone 2-methyl-butanal 2-methyl-3-pentanone 
(Z)-4-heptenal methacrolein 2,3-pentanedione 
(E,Z)-2 ,6-nonadienal octane (E)-2-tridecen-1-ol 

2-
3-methyl-2-butenal ethanol thiophenemethanamine 
2-pentyl-furan 2-methyl-propanal (Z)-2-nonenal, 

thiazole acetone methyl thiolacetate 
(E,E)-2,4-decadienal propanal methyl ethanoate 
hexanoic acid methyl-thiirane isothiazole 
1-ethy 1-5-methylcyclopentene acetaldehyde 3,3-dimethyl-hexane 
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(E,E)-2,4-nonadienal 2-propenal 4-methyl-heptane 

(Z)-2-decenal 2-propyl-furan 2,4-dimethyl-heptane 
dihydro-5-propyl-2(3H)-

dihydro-5-pentyl-2(3h)-furanone furanone 2,3,4-trimethyl-heptane 
trans-3-nonen-2-one dihydro-3-(2H)-thiophenone 2-methyl-heptane 
(E,E)-3,5-octadien-2-one 2,2,6-trimethyl-decane 2-methyl-3-furanthiol 

4-amino-1,2,5-
3,3'-dithiobis[2-methyl- oxadiazole-3-

(Z)-2-octen-l-ol furan carbonitrile 
1,2-benzisothiazol-

5-ethyldihydro-2(3h )-furanone 1-heptene 3(2H)-one 
2-butenal 1,3-octadiene 2-acetyl-propen-2-ol, 
1-penten-3-ol 1-nonene 1-decen-3-one 
1-( ethylthio )-2-(methylthio )-buta-1,3-
diene 

In some embodiments, an iron complex (e.g., a ferrous chlorin or a heme-cofactor 

such as a heme-containing protein) described herein is heated in the presence of ground 

chicken, to increase specific volatile flavor and odorant components typically elevated in 

beef. For example, propanal, butanal, 2-ethyl-furan, heptanal, octanal, trans-2-(2-

5 pentenyl)furan, (Z)-2-heptenal, (E)-2-octenal, pyrrole, 2,4-dodecadienal, 1-octanal, (Z)-2-

decenal, or 2-undecenal can be increased in the presence of the heme-containing protein, 

which can impart a more beefy flavor to the chicken. 

In some embodiments, an iron complex (e.g., a ferrous chlorin or a heme-cofactor 

such as a heme-containing protein) described herein is heated in the presence of cysteine 

10 and glucose or other combinations of flavor precursors to provide a different profile of 

volatile odorants than when any subset of the three components are used individually. 

Volatile flavor components that are increased under these conditions include but are not 

limited to furan, acetone, thiazole, furfural, benzaldehyde, 2-pyridinecarboxaldehyde, 5-

methyl-2-thiophenecarboxaldehyde, 3-methyl-2-thiophenecarboxaldehyde, 3-

15 thiophenemethanol and decanol. See, e.g., Tables 8 and 9. Under these conditions, 

cysteine and glucose alone or in the presence of iron salts such as ferrous glucanate 

produced a sulfurous, odor, but addition of heme-containing proteins reduced the 
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sulfurous odor and replaced it with flavors including but not limited to chicken broth, 

burnt mushroom, molasses, and bread. 

In some embodiments, an iron complex (e.g., a ferrous chlorin or a heme-cofactor 

such as a heme-containing protein) described herein is heated in the presence of cysteine 

5 and ribose to provide a different profile of volatile odorants. Heating in the presence of 

ribose created some additional compounds as compared to when a heme-containing 

protein and glucose were heated together. See Tables 8 and 9. 

In some embodiments, an iron complex (e.g., a ferrous chlorophillin or a heme­

cofactor such as a heme-containing protein) described herein can be heated in the 

10 presence of thiamine and a sugar to affect the formation of 5-Thiazoleethanol, 4-methyl­

furan, 3,3'-dithiobis[2-methyl-furan, and/or 4-Methylthiazole. These compounds are 

known to be present in meat and have beefy, meaty taste notes. 

In some embodiments, an iron complex (e.g., a ferrous chlorin or a heme-cofactor 

such as a heme-containing protein) described herein can be heated in the presence of a 

15 nucleotide such as inosine monophosphate and/or guanosine monophosphate to control 

the formation of flavor compounds such as (E)-4-octene, 2-ethyl-furan, 2-pentanone, 2,3-

butanedione, 2-methyl-thiazole, methyl-pyrazine, tridecane, (E)-2-octenal, 2-

thiopenecarboxaldehyde, and/or 3-thiopenecarboxaldehyde. These compounds are known 

to be present in meat and have a beefy, meaty, buttery, and or savory flavor notes. 

20 In some embodiments, an iron complex (e.g., a ferrous chlorin or a heme-cofactor 

such as a heme-containing protein) described herein can be heated in the presence of 

lysine, a sugar such as ribose, and cysteine to control the formation of flavor compounds 

such as dimethyl trisulfide, nonanal, 2-pentyl thiophene, 2-nonenal furfural, 1-octanol, 2-

nonenal, thiazole, 2-acetylthiazole, phenylacetaldehyde, and/or 2-acetylthiazole. These 

25 compounds are knnwn to be present in meat and some have a beefy, meaty, and or savory 

flavor. 

In some embodiments, an iron complex (e.g., a ferrous chlorin or a heme-cofactor 

such as a heme-containing protein) described herein can be heated in the presence of 

lactic acid, a sugar such as ribose, and cysteine to control the formation of the flavor 

30 compounds nonanal, thiazole, 2-acetylthiazole, and/or 8-methyl 1-undecene. These 
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compounds are knnwn to be present in meat and have beefy, savory, browned, bready, 

and malty notes. 

In some embodiments, an iron complex (e.g., a ferrous chlorin or a heme-cofactor 

such as a heme-containing protein) described herein can be heated in the presence of 

5 amino acids, sugars such as glucose, ribose, and maltodextrin, lactic acid, thiamine, IMP, 

GMP, creatine, and salts such as potassium chloride and sodium chloride, to control the 

formation of flavor compounds such as 1,3-bis(l,1-dimethylethyl)-benzene, 2-methyl 3-

furanthiol, and/or bis(2-methyl-4,5-dihydro-3-furyl) disulfide. These compounds are 

known to be present in meat and have beefy notes. See also Table 14. 

10 In some embodiments, a particular type of heme-containing protein is chosen to 

control the formation of flavor compounds. See, for example, the results of Table 9, 

which shows that the addition of different types of heme-proteins (LegH, Barley, B. 

myoglobin, or A. aeolicus) in flavor reaction mixtures containing one or more flavor 

precursor compounds results in many of the same key meat flavors, including but not 

15 limited to pentanone, 3-methyl butanal, 2-methyl butanal, 2-heptenal, 1-octene, nonanal, 

2-propenal, 2-decenal, 2-nonanone, 2-octanone, 2-tridecen-1-ol, 2-octanone, 2-octenal, 4-

methyl-2-heptanone, octanal, 2-undecenal, butyrolactone, l-octen-3-one, 3-methylheptyl 

acetate, and 2-pentyl-thiophene. These differences in flavor compounds can change the 

overall taste profile. 

20 In some embodiments, an iron complex (e.g., a ferrous chlorin or a heme-cofactor 

such as a heme-containing protein) described herein and one or more flavor precursors 

can be reacted (e.g., in vitro) with heating to generate a particular flavor and/or aroma 

profile of interest and the resultant flavor additive composition can be added to the 

consumable food product of interest, which can then be eaten as-is or can be additionally 

25 modified, e.g., by additional cooking. 

In some embodiments, any undesirable flavors can be minimized by deodorizing 

with activated charcoal or by removing enzymes such as lipoxygenases (LOX), which 

can be present in trace amounts when using preparations of plant proteins, and which can 

convert unsaturated triacylglycerides (such as linoleic acid or linolenic acid) into smaller 

30 and more volatile molecules. LOX are naturally present in legumes such as peas, 
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soybeans, and peanuts, as well as rice, potatoes, and olives. When legume flours are 

fractionated into separate protein fractions, LOX can act as undesirable "time-bombs" 

that can cause undesirable flavors on aging or storage. Compositions containing plant 

proteins (e.g., from ground plant seeds) can be subjected to purification to remove LOX 

5 using, for example, an affinity resin that binds to LOX and removes it from the protein 

sample. The affinity resin can be linoleic acid, linolenic acid, stearic acid, oleic acid, 

propyl gallate, or epigalloccatechin gallate attached to a solid support such as a bead or 

resin. See, e.g., WO2013138793. In addition, depending on the protein component of 

the food product, certain combinations of antioxidants and/or LOX inhibitors can be used 

10 as effective agents to minimize off-flavor or off-odor generation especially in the 

presence of fats and oils. Such compounds can include, for example, one or more of f3-
carotene, a-tocopherol, caffeic acid, propyl gallate, or epigallocatechin gallate. 

In some embodiments, specific flavor compounds, such as those described in 

Tables 3, 8, 9, 12, 14, 16, or 17 can be isolated and purified from the flavor additive 

15 composition. These isolated and purified compounds can be used as an ingredient to 

create flavors useful to the food and fragrance industry. 

A flavor additive composition can be in the form, of but not limited to, soup or 

stew bases, bouillon, e.g., powder or cubes, flavor packets, or seasoning packets or 

shakers. Such flavor additive compositions can be used to modulate the flavor and/or 

20 aroma profile for a variety of food products, and can be added to a consumable food 

product before, during, or after cooking of the food product. 

Food Products 

Food products containing one or more flavor precursors and one or more heme-

25 containing proteins can be used as a base for formulating a variety of additional food 

products, including meat substitutes, soup bases, stew bases, snack foods, bouillon 

powders, bouillon cubes, flavor packets, or frozen food products. Meat substitutes can be 

formulated, for example, as hot dogs, burgers, ground meat, sausages, steaks, filets, 

roasts, breasts, thighs, wings, meatballs, meatloaf, bacon, strips, fingers, nuggets, cutlets, 

30 or cubes. 
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In addition, food products described herein can be used to modulate the taste 

and/or aroma profile of other food products ( e.g., meat replicas, meat substitutes, tofu, 

mock duck or other gluten based vegetable product, textured vegetable protein such as 

textured soy protein, pork, fish, lamb, or poultry products such as chicken or turkey 

5 products) and can be applied to the other food product before or during cooking. Using 

the food products described herein can provide a particular meaty taste and smell, for 

example, the taste and smell of beef or bacon, to a non-meat product or to a poultry 

product. 

Food products described herein can be packaged in various ways, including being 

10 sealed within individual packets or shakers, such that the composition can be sprinkled or 

spread on top of a food product before or during cooking. 

Food products described herein can include additional ingredients including food­

grade oils such as canola, com, sunflower, soybean, olive or coconut oil, seasoning 

agents such as edible salts (e.g., sodium or potassium chloride) or herbs (e.g., rosemary, 

15 thyme, basil, sage, or mint), flavoring agents, proteins (e.g., soy protein isolate, wheat 

glutin, pea vicilin, and/or pea legumin), protein concentrates (e.g., soy protein 

concentrate), emulsifiers (e.g., lecithin), gelling agents (e.g., k-carrageenan or gelatin), 

fibers (e.g., bamboo filer or inulin), or minerals (e.g., iodine, zinc, and/or calcium). 

Food products described herein also can include a natural coloring agent such as 

20 turmeric or beet juice, or an artificial coloring agent such as azo dyes, triphenylmethanes, 

xanthenes, quinines, indigoids, titanium dioxide, red #3, red #40, blue #1, or yellow #5. 

Food products described herein also can include meat shelf life extenders such as 

carbon monoxide, nitrites, sodium metabisulfite, Bombal, vitamin E, rosemary extract, 

green tea extract, catechins and other anti-oxidants. 

25 Food products described herein can be free of animal products ( e.g., animal heme-

30 

containing proteins or other animal products). 

In some embodiments, the food products can be soy-free, wheat-free, yeast-free, 

MSG-free, and/or free of protein hydrolysis products, and can taste meaty, highly savory, 

and without off odors or flavors. 
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Assessment of Food Products 

Food products described herein can be assessed using trained human panelists. 

The evaluations can involve eyeing, feeling, chewing, and tasting of the product to judge 

product appearance, color, integrity, texture, flavor, and mouth feel, etc. Panelists can be 

5 served samples under red or under white light. Samples can be assigned random three­

digit numbers and rotated in ballot position to prevent bias. Sensory judgments can be 

scaled for "acceptance" or "likeability" or use special terminology. For example, letter 

scales (A for excellent, B for good, C for poor) or number scales may be used (1 = 

dislike, 2 = fair, 3 = good; 4 = very good; 5=excellent). A scale can be used to rate the 

10 overall acceptability or quality of the food product or specific quality attributes such 

beefiness, texture, and flavor. Panelists can be encouraged to rinse their mouths with 

water between samples, and given opportunity to comment on each sample. 

In some embodiments, a food product described herein can be compared to 

another food product (e.g., meat or meat substitute) based upon olfactometer readings. In 

15 various embodiments, the olfactometer can be used to assess odor concentration and odor 

thresholds, odor suprathresholds with comparison to a reference gas, hedonic scale scores 

to determine the degree of appreciation, or relative intensity of odors. 

In some embodiments, an olfactometer allows the training and automatic 

evaluation of expert panels. In some embodiments, a food product described herein 

20 causes similar or identical olfactometer readings. In some embodiments, the differences 

between flavors generated using the methods of the invention and meat are sufficiently 

small to be below the detection threshold of human perception. 

In some embodiments, volatile chemicals identified using GCMS can be 

evaluated. For example, a human can rate the experience of smelling the chemical 

25 responsible for a certain peak. This information could be used to further refine the profile 

of flavor and aroma compounds produced using a heme-containing protein and one or 

more flavor precursors. 

Characteristic flavor and fragrance components are mostly produced during the 

cooking process by chemical reactions molecules including amino acids, fats and sugars 

30 which are found in plants as well as meat. Therefore, in some embodiments, a food 
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product is tested for similarity to meat during or after cooking. In some embodiments 

human ratings, human evaluation, olfactometer readings, or GCMS measurements, or 

combinations thereof, are used to create an olfactory map of the food product. Similarly, 

an olfactory map of the food product, for example, a meat replica, can be created. These 

5 maps can be compared to assess how similar the cooked food product is to meat. 

In some embodiments, the olfactory map of the food product during or after 

cooking is similar to or indistinguishable from that of cooked or cooking meat. In some 

embodiments the similarity is sufficient to be beyond the detection threshold of human 

perception. The food product can be created so its characteristics are similar to a food 

10 product after cooking, but the uncooked food product may have properties that are 

different from the predicate food product prior to cooking. 

These results will demonstrate that the compositions of the invention are judged 

as acceptably equivalent to real meat products. Additionally, these results can 

demonstrate that compositions of the invention are preferred by panelist over other 

15 commercially available meat substitutes. So, in some embodiments the present invention 

provides for consumables that are significantly similar to traditional meats and are more 

meat like than previously known meat alternatives. 

20 

The invention will be further described in the following examples, which do not 

limit the scope of the invention described in the claims. 
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EXAMPLES 

Example 1: Addition of heme-protein increases beefy qualities of replica 

burgers 

Replica burgers containing the ingredients in Table 4 and the flavor precursors 

5 cysteine (10 mM), glutamic acid (10 mM), glucose (10 mM), and thiamine (1 mM) were 

prepared. Water was added to make up the balance. See, for example, U.S. Provisional 

Application No. 61/751,816, filed January 11, 2013. Control burgers were prepared as in 

Table 4 with precursors cysteine (10 mM), glutamic acid (10 mM), glucose (10 mM), and 

thiamine ( 1 mM) except LegH was omitted. 

10 After cooking for 5 minutes at 150 C, the replica burgers were evaluated by a 

trained sensory panel. Panelists were served samples under red lights and each panelist 

individually evaluated the samples. Samples were assigned a random three-digit number 

and rotated in ballot position to prevent bias. Panelists were asked to evaluate cooked 

replica burger samples on multiple flavor, aroma, taste, texture and appearance attributes 

15 including but not limited to: beefiness, bloody quality, savory quality, and overall 

acceptability using a 7-point scale from 1 =dislike extremely, to 7=like extremely. 

Panelists were encouraged to rinse their mouths with water between samples, and to fill 

out a survey to record their evaluation of each sample. 

When replica burgers containing the LegH were compared to the control replica 

20 burgers without LegH, the samples containing LegH were rated significantly beefier, 

bloodier, more savory, and overall preferred compared to those that did not include 

LegH. See Table 5. 

TABLE4 

25 Replica Burger Ingredients 

Pea vicilin 3.86 

Soy protein concentrate (SPC) 2.52 

Bamboo fiber 0.34 
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NaCl 0.54 

Pea legumin 2 
Soy Protein Isolate (SPI) (Solae, St. Louis, 

4.68 
MO) 

Wheat gluten 4.68 

Coconut oil 15 

Soy lecithin 0.1 

k-carrageenan 1 

LegH 1 

TABLE 5 

Sensory evaluation of replica burger with Heme 

mean 4.67 3.00 5.10 

STDEV 1.22 1.63 0.57 

Example 2: Replica burgers with a flavor precursor mixture taste beefy and 

bloody 

Replica burgers containing a flavor precursor mixture of glucose, cysteine, 

thiamine, and glutamic acid and 1 % LegH pre-cooked w/w (see Table 4) were prepared 

as described in Example 1, and evaluated by a trained sensory panel after the burgers 

10 were cooked for 5 minutes at 150 C. Control burgers included LegH and all other 

ingredients except for the flavor precursor mixture. 
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Panelists were asked to evaluate the samples overall improvement in taste and 

descriptively analyze each sample using a 5-point scale from 1 =dislike extremely, to 

5=like extremely. Panelists were encouraged to rinse their mouths with water between 

samples, and to fill out a survey to record their evaluation of each sample. The replicate 

5 burgers which included LegH and the flavor precursor mixture were described as having 

10 

bouillon, gravy, meaty, bloody, savory, and beefy notes on taste, and were preferred to 

the same replica burger with LegH but no added flavor precursor mixture. See, Table 6 

TABLE 6 

Improvement of overall taste with precursors added to LegH burgers 

with precursors without precursors 

Avera_ge 3.5 1.8 

STDV 0.6 0.5 

Example 3: Replica burgers with flavor precursor mixture resulting in a 

bacon taste 

Replica burgers (see Table 4) were cooked with different precursor mixes (see 

Table 7) and 1 % LegH and evaluated by a trained sensory panel after the burgers were 

15 cooked for 5 minutes at 150 C. Control burgers contained LegH and all of the other 

ingredients except for the flavor precursors. Panelists were asked to evaluate each 

sample and descriptively analyze of each sample. 5-point scale from 1 =dislike extremely, 

to 5=like extremely. Panelists were encouraged to rinse their mouths with water between 

samples, and to fill out a survey to record their evaluation of each sample. A replica 

20 burger with a precursor mixture of 10 mM glucose, 10 mM ribose, 10 mM cysteine, 1 

mM thiamine, 1 rnM glutarnic acid, 1 rnM GMP, and LegH was described as having a 

bacon aroma and taste, and overall meatiness, savory quality, a very umami quality, a 

brothy quality, and slight beefy notes. See Table 7 for a summary of the flavor 

description for the various combinations of flavor precursors and heme-containing 

25 protein. 
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glucose 
(10 mM) 
glucose 
(10 mM) 
glucose 
(10 mM) 
glucose 
(10 mM) 

ribose 
(10 mM) 
ribose 
(10 mM) 
ribose 
(10 mM) 
ribose 
(10 mM) 
ribose 
(10 mM) 
ribose 
(10 mM) 
ribose 
(10 mM) 
ribose 
(10 mM) 
ribose 
(10 mM) 
ribose 
(10 mM) 

TABLE 7 

Flavors generated by addition of precursors to LegH (1 % ) 

Precursor (concentration) Flavor Description 
cysteine 
(10 mM) some kind of cold-cut/sliced deli meat 
cysteine bread crust with beef drippings, sweet, grassy, 
(10 mM) IMP (2 mM) umam1 
cysteine lactic acid ( I 
(10 mM) mM) brcady, malty, browned, breadcrust 
cysteine 
(10 mM) lysine ( 5 mM) savory, beefy, little grassy, brothy, bread 
cysteine alanine (5 
(10 mM) mM) savory, weak beefy, brothy, little metallic 
cysteine 
(10 mM) I+G(2mM) savory, weak beefy, brothy, sweet 
cysteine 
(10 mM) methionine cooked potato 
cysteine glutamic acid little meaty, pretzel, brothy, savory, sweet, 
(10 mM) (5 mM) chocolate 
cysteine thiamine glutamic acid 
(10 mM) (2 mM) (5 mM) slight beefy, browned, grasssy, 
cysteine thiamine glutamic acid 
(10 mM) (2mM) (5 mM) IMP (2 mM) bacon, very umami, savory, brothy, slight beef 
cysteine thiamine glutamic acid 
(10 mM) (2 mM) (5 mM) beefjerky, bloody, meaty, brothy 
cysteine thiamine glutamic acid lactic acid (I 
(10 mM) (2 mM) (5 mM) mM) savory, beefy, bloody, meaty, savory, gravy 

~ 
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N 
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glucose 
(10 mM) 
glucose 
(10 mM) 
glucose 
(10 mM) 
glucose 
(10 mM) 
glucose 
(10 mM) 
glucose 
(10 mM) 

cysteine 
(10 mM) 
cysteine 
(10 mM) 
cysteine 
(10 mM) 
cysteine 
(10 mM) 

thiamine glutamic acid 
(2 mM) (5 mM) 
thiamine glutamic acid 
(2mM) (5 mM) 
thiamine glutamic acid 
(2 mM) (5 mM) 

glutamic acid 
(5 mM) 

lysine ( 5 mM) 
alanine (5 
mM) 

I+G(2mM) 

I+G(2mM) 

I+G(2mM) 

roast beef 

boiled beef, sweet 

beefy with a sulfury note 

sweet, malty, umami, meaty 

savory, roast beef, grassy 

umami, savory, meaty, sweaty, fermented 
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Example 4: Type of sugar modulates flavor compounds created in the 

presence of Hemeprotein 

The addition of different sugars to flavor reaction mixtures containing a 

hemeprotein and one or more flavor precursor compounds resulted in distinct differences 

5 in the flavor compounds generated and the overall flavor profile. LegH heme protein at 

1 % pre-cooked w/w/ was mixed with cysteine (10 mM) and glucose (20 mM) at pH 6 in 

phosphate buffer to form a flavor reaction mixture and heated to 150 C for 3 minutes; this 

reaction created flavor compounds known to be present in meat; see Table 8. Similarly, a 

flavor reaction mixture made when LegH heme protein at 1 % was mixed with cysteine 

10 (10 mM) and ribose (20 mM) at pH 6 and heated to 150 C for 3 minutes created flavor 

compounds known to be in meat; see Table 8. 

The characteristic flavor and fragrance components were mostly produced during 

the cooking process when the flavor precursor molecules reacted with the heme-protein. 

Gas chromatography-mass spectrometry ( GCMS) is a method that combines the features 

15 of gas-liquid chromatography and mass spectrometry to separate and identify different 

substances within a test sample. Samples were evaluated by GCMS to identify the flavor 

compounds generated after heating and also evaluated for their sensory profiles. Volatile 

chemicals were isolated from the head space around the flavor reactions. The profile of 

the volatile chemicals in the headspace around the flavor reaction mixtures is shown in 

20 Table 8. In particular, the use of ribose created some additional compounds as compared 

to glucose, as shown in Table 8. 

Notably, the control mixtures of cysteine with ribose or glucose heated in the 

absence of the LegH heme-protein did not generate the same set of flavor compounds. 

The flavor reaction mixtures containing LegH also were evaluated by a blinded trained 

25 sensory panel, which described the samples with ribose as having beefy, savory, brothy, 

and gravy-like notes, and the samples with glucose as savory, bloody, metallic, raw meat, 

and bouillon-like. 
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TABLE 8 

Flavor compounds generated with cysteine, LegH, and either glucose or ribose in 

the flavor reaction mixture. 

LegH 1% 

benzaldehyde X X 

2-butanone X X 

dimethyl trisulfide X X 

2-pentyl-furan X X 

2-methyl-propanal X X 

thiazole X X 

bu tyro lactone X X 

2-acetylthiazo le X X 

pentanal X X 

3-methy 1-butanal X X 

methyl-thiirane X X 

nonanal X X 

heptanal X X 

2,3-butanedione X X 

1,3 ,5-cycloheptatriene X X 

propyl-cyclopropane X X 

2-hexyl-furan X X 

butanal X X 

2-methyl-butanal X X 

2-ethyl-furan X 

2-octanone X X 

propanal X X 
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trichloromethane X 

2-methyl-furan X X 

furan X X 

pyrazme X X 

thiophene X X 

1,3-dimethyl-benzene X X 

octane X 

octanal X X 

thiazole X X 

2-pentanone X 

furfural X X 

2-nonanone X X 

(Z)-2-heptenal X X 

(E)-2-heptenal X X 

1-octene X X 

formic acid, heptyl ester X X 

2-pentyl-thiophene X 

1-octen-3-one X X 

3-pentyl-furan X X 

2-propenal X 

(E)-2-tridecen-1-ol X 

benzene X 

(E)-4-octene X 

1-penten-3-one X 

4-penten-2-one X X 

2-methyl-thiazole X 

methyl-pyrazine X 

trans-2-(2-pentenyl)furan X 

3-ethylcyclopentanone X 
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pyrrole X X 

2-thiophenecarboxaldehyde X 

3-thiophenecarboxaldehyde X 

Example 5: Heme-protein in the presence of thiamine affects the production 

of certain flavor compounds 

The addition of thiamine in a flavor reaction mixtures with a heme protein and 

5 other flavor precursors affected the formation of 5-Thiazoleethanol, 4-methyl-furan, 3,3'­

dithiobis[2-methyl-thiazole, and 4-methylthiazole. These compounds are known to be 

present in meat and have beefy, meaty taste notes. 

Flavor reaction mixtures at pH 6 containing LegH (1 %), cysteine (10 rnM), 

thiamine (1 rnM), either glucose or ribose (20 mM), and with or without glutamic acid 

10 (10 mM) were prepared and subsequently heated to 150 C for 3 minutes. These flavor 

reaction samples then were evaluated by GCMS for the flavor compounds generated and 

evaluated by a trained panel for their sensory profiles. Volatile chemicals were isolated 

from the head space around the flavor reactions. GCMS showed 4-methyl-5-

thiazoleethanol, 3,3'-dithiobis[2-methyl]-furan, and 4-methylthiazole compounds were 

15 created by a mixture ofLegH with thiamine, a sugar (either glucose or ribose), and 

cysteine. The same flavor reaction mixtures without thiamine did not generate these 

compounds; additionally these compounds were not generated when heme-proteins were 

not present in the flavor reaction mixtures. 

The flavor reaction samples also were evaluated by a blinded trained sensory 

20 panel, which described the samples with the addition of thiamine as more complex in 

taste and more beefy, meaty, and savory. 

25 

Example 6: Heme-proteins -with nucleotides controls particular flavor 

compound production. 

The addition of inosine monophosphate and guanosine monophosphate in mixes 

with heme protein and other precursors controlled the formation of flavor compounds 

(E)-4-octene, 2-ethyl-furan, 2-pentanone, 2,3-butanedione, 2-methyl-thiazole, , methyl-
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pyrazine, tridecane, (E)-2-octenal, 2-thiophenecarboxaldehyde, and 3-

thiophenecarboxaldehyde. These compounds are known to be present in meat and have a 

beefy, meaty, buttery, and or savory flavor notes. 

Reactions containing heme protein at 1 % (LegH) with cysteine (10 mM), and 

5 glucose (20 mM), 1 mM IMP and 1 mM GMP, at pH 6.0 were prepared and heated to 

150C for 3 minutes. Characteristic flavor and fragrance components were mostly 

produced during the cooking process where precursors reacting heme-protein. These 

samples were evaluated by GCMS for the flavor compounds generated and evaluated for 

the sensory experience. Volatile chemicals were isolated from the head space around the 

10 flavor reaction and identified using GCMS, creating a profile of the volatile chemicals in 

the headspace around the flavor reaction mixture. GCMS showed 4-octene, 2-ethyl furan, 

2-pentanone, 2,3-butanedione, 2-methyl-thiazole, methyl-pyrazine, tridecane, 2-octenal, 

2-thiophenecarboxaldehyde, 3-thiophenecarboxaldehyde compounds were created by a 

mixture ofhemeprotein LegH with IMP, GMP, glucose, and cysteine. The same samples 

15 without IMP and GMP did not generate these compounds, additionally these compounds 

were also not created when heme-proteins were not present, just precursor molecules. 

Sensory evaluation by blinded trained panelist found the samples with the addition of 

inosine and guanosine as described as having more complexity in taste and more beefy, 

meaty, brothy and savory. Figure 2 shows the abundance of the novel flavor compounds 

20 created with heme protein at 1 % was mixed in a reaction at pH 6, with cysteine ( 10 mM), 

and glucose (20 mM), IMP (1 mM) and GMP (1 mM), and detected by solid phase 

microextraction (SPME) and then detected by GCMS. 

Example 7: Flavor generation with the addition of a particular organic acid 

25 The addition of lactic acid in mixes with heme protein, ribose, and cysteine 

controlled the formation of the flavor compounds nonanal, thiazole, 2-acetylthiazole, and 

8-methyl-1-undecene. These compounds are known to be present in meat. 

Reactions containing heme protein at 1 %, cysteine (10 mM), and ribose (20 mM), 

and lactic acid (lmM), pH 6.0, were prepared and heated to 150C for 3 minutes. 

30 Characteristic flavor and fragrance components were mostly produced during the cooking 
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process where precursors reacting heme-protein. These samples were evaluated by 

GCMS for the flavor compounds generated and evaluated for the sensory experience. 

Volatile chemicals were isolated from the head space around the flavor reaction and 

identified using GCMS, creating a profile of the generated compounds. Nonanal, 

5 thiazole, 2-acetylthiazole, and 8-methyl-1-undecene compounds were created by a 

mixture ofLegH with lactic acid, ribose, and cysteine. The same samples without lactic 

acid did not generate these compounds, additionally these compounds were not created in 

the absence of heme-proteins. 

Sensory evaluation by blinded trained panelist found the samples with the 

10 addition of lactic acid as described as beefy, savory, browned, bready, and having malty 

notes. The sample with everything but lactic acid rated lower in browned, bready and 

malty notes. 

Example 8: Flavor generated with the addition of a particular amino acid. 

15 The addition of lysine in mixes with heme protein ribose, and cysteine controlled 

the formation of flavor compounds dimethyl trisulfide, nonanal, 2-pentyl-thiophene, 

furfural, 2-nonenal, 1-octanol, 2-nonenal, thiazole, 2-acetylthiazole, phenylacetaldehyde, 

2-acetylthiazole. These compounds are known to be present in meat and some have a 

beefy, meaty, and or savory flavor. 

20 Reactions containing heme protein at 1 %, cysteine (10 mM), and ribose (20 mM), 

and lysine (lmM), at pH 6.0, were prepared and heated to 150C for 3 minutes. These 

samples were evaluated by GCMS for the flavor compounds generated and evaluated for 

the sensory experience. Characteristic flavor and fragrance components were mostly 

produced during the cooking process where precursors could react with the heme-protein. 

25 These samples were evaluated by GCMS for the flavor compounds generated and 

evaluated for the sensory experience. Volatile chemicals were isolated from the head 

space around the flavor reaction. Dimethyl trisulfide, nonanal, 2-pentyl-thiophene, 

furfural, 2-nonenal, 1-octanol, 2-nonenal, thiazole, 2-acetylthiazole, phenylacetaldehyde, 

2-acetylthiazole compounds were created by a mixture of LegH with lactic acid, ribose, 

30 and cysteine. The same samples without lactic acid did not generate these compounds, 
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additionally these compounds were not created when heme-proteins were not present, just 

precursor molecules. Sensory evaluation by blinded trained panelist found the samples 

with the addition of lysine as described as roast beefy, savory, and browned. The addition 

of lysine increased the roasted browned notes. 

Example 9 - Flavor compound production by different Heme-proteins 

The addition of different types of heme-proteins (LegH, Barley, B. myoglobin, or 

A. aeolicus) in flavor reaction mixtures containing one or more flavor precursor 

compounds results in many of the same key meat flavors, including but not limited to 2-

10 pentyl-furan, 2,3-Butanedione, Thiophene, 2-methyl-thiazole, Pyrazine, Furan, Pyrrole, 

2-methyl-furan and distinct differences in the flavor compounds, including but not 

limited to 2-pentyl-thiophene, Nonanal, 2-Nonanone, and 1-Octen-3-one. These 

differences in flavor compounds can change the overall taste profile. The different types 

of heme-protein were LegH, Barley, B. myoglobin, or A. aeolicus used at 1 % w/w in a 

15 reaction mixed with cysteine (10 mM) and ribose (10 mM) at pH 6. The pre- reaction 

mixture was heated to 150 C for 3 minutes; this reaction created flavor compounds 

known to be present in meat; see Table 9. The characteristic flavor and fragrance 

components are mostly produced during the cooking process where the flavor precursor 

molecules react with the heme-protein. Samples were evaluated by GCMS to identify the 

20 flavor compounds generated after heating and also evaluated for their sensory profiles. 

25 

Volatile chemicals were isolated from the head space around the flavor reactions. Table 9 

shows the similarity and differences in volatile flavor compounds created by the different 

types of heme-proteins. 

Name 
Furan 

Thiazole 

benzaldehyde 

TABLE 9 

Flavor compounds created by different heme-protein 

when heated with ribose and cysteine. 

LegH Barley B. myoglobin A. aeolicus 
X X X X 

X X X X 

X X X X 

2-acetylthiazole X X X X 
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2-methyl-propanal X X X X 

furfural X X X X 

2,3-butanedione X X X X 

2-pentyl-furan X X X X 

2-pentanone X X 

pyrazme X X X X 

dimethyl trisulfide X X X X 

3-methyl-butanal X X X 

2-methyl-thiazole X X X X 

pentanal X X X X 

1,3 ,5-cycloheptatriene X X X X 

methacrolein X X X X 

heptanal X X X X 

2-methyl-butanal X X X 

isothiazole X X X X 

thiophene X X X X 

propanal X X X X 

2-heptenal X X X 

rnethyl-pyrazine X X X X 

1-octene X X X 

butanal X X X X 

2-acetyl-propen-2-ol X X X X 

pyrrole X X X X 

2-methyl-furan X X X X 

nonanal X X X 

2-propenal X X X 

2-decenal X X X 

2-nonanone X X 

2-octanone X X X 

2-tridecen-1-ol, X X 

2-octanone X 

2-octenal X X 

4-rnethyl-2-heptanone X X 

octanal X X 

2-undecenal X 

butyrolactone X 

1-octen-3-one X 

3-methylheptyl acetate X 
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I 2-pentyl-thiophene X 

Example 10 - Generation of Meat flavors from different lipids 

Several different samples including oils ( canola oil or coconut oil), free fatty acids 

(FFA) (linoleic acid (Cl8:2), oleic acid (Cl8:l), stearic acid (Cl8:0), or myristic acid 

5 (Cl4:0)) and phospholipids (PL) (beef heart polar lipids extract, Biolipon95 (from 

Perimond), or NatCholinePC40 (from Perimond)) were tested for their ability to produce 

beefy flavor in the absence and in the presents of other precursors. Oils, FF As, and PLs 

were added to 50 mM potassium phosphate buffer (PPB) pH 6.0 or a Maillard reaction 

mix (MRM) containing 50 mM potassium phosphate pH 6.0, 5 mM Cysteine, 10 mM 

10 Glucose, 0.1 mM Thiamine, and 0.1 % (w/v) LegHemoglobin. Lipids in combination 

with MRM were designed to capture the cross reactions of lipid degradation and Maillard 

reaction productions while lipids in phosphate buffer functioned as a lipid control. The 

oils were added at 3% of the total 1 mL volume of solution while FF As and PLs were 

added at 1 % of the total 1 mL volumes. All samples were cooked at l 50°C for 3 mins, 

15 cooled to 50°C and then analyzed using GCMS (SPME fiber sampling ofheadspace). 

After all samples were analyzed by GCMS the caps were removed and samples were 

smelled by a trained flavor scientist and aromas recorded. 

Table 10 

Legend showing components of each sample 

Sample Name Solution Additives 

MRMNone Maillard Reaction Mix None 

MRM Linoelic Acid Maillard Reaction Mix 1 % linoleic acid 
-

MRM Oleic Acid Maillard Reaction Mix 1 % oleic acid 
-

MRM Cl4 Maillard Reaction Mix 1 % C14:0 free fatty acid 
-

MRM Cl8 Maillard Reaction Mix 1% Cl8:0 free fatty acid 
-

MRM Canola Maillard Reaction Mix 3 % Cano la Oil 
-

MRM Coconut Maillard Reaction Mix 3% Coconut Oil 
-

MRM BeefHeart Maillard Reaction Mix 1 % Beef Heart Polar Lipids Extract 
-

MRM _ Biolipon95 Maillard Reaction Mix 1 % Biolipon95 ( emulsifier) 
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MRM NatCholinePC40 Maillard Reaction Mix 1 % NatCholinePC40 ( emulsifier) 
-

KPhos6 Linoelic Acid PPB,pH 6 1 % linoelic acid 
-

KPhos6 Oleic Acid PPB,pH6 1 % oleic acid 
-

KPhos6 C14 PPB,pH6 1 % C14:0 free fatty acid 
-

KPhos6 C18 PPB,pH6 1 % C 18 :0 free fatty acid 
-

KPhos6 Canola PPBpH6 3% Canola Oil 
-

KPhos6 Coconut PPB,pH6 3 % Coconut Oil 
-

KPhos6 BeefHeart PPB,pH6 1 % Beef Heart Polar Lipids Extract 
-

KPhos6 _ Biolipon95 PPB,pH6 1 % Biolipon95 ( emulsifier) 

KPhos6 NatCholinePC40 PPB,pH6 1 % NatCholinePC40 ( emulsifier) 
-

Table 11 contains the aroma descriptions and Table 12 contains the GCMS data 

from the most interesting samples analyzed. Many of the lipids introduced a "fatty" 

aroma to MRM that was otherwise absent. The combinations ofLinoleic Acid or 

5 NatCholinePC40 in MRM produced the greatest abundance of fatty compounds 

suggesting that these lipids may improve the flavor perception of beef tallow. Linoleic 

Acid and NatCholinePC40 also showed high abundance of earthy-mushroom aromas. 

The addition of lipids to MRM significantly increased the abundance of "nutty & 

roasted" aromas. Less desirable "green" aroma compounds were most prominent in 

10 samples with unsaturated free fatty acids (linoleic acid or oleic acid) or phospholipids. In 

general, the addition of lipids significantly increased the number of target beef 

compounds made. 

TABLE 11 

15 Aroma descriptions of each sample after it was cooked. 

Sample Names Aroma Descriptions 
MRM_Only brothy, malty, beef stew 
KPhos6 ___ BeefH eart 
MRM __ BeefHeart fafiy, beef talloW, qld meat, rrtu$1'lroom 
KPhos6_Biolipon95 fatty, fresh 
MRM_Biolipon95 fatty, brothy, hay, malty green 
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KPhos6 __ NatGholinePC4 
0 
MRM_NatCholinePC40 
K-Phos6_C14 lighUfaint plastic/waxy 
MRM_C14 brothy, beefy, minty, fresh 

K-Phos6_Ct8 lightlfaintpla$ticlwaxy 
MRM_C18 beefy with ctj¢umber $for peppijnarorna 
K-Phos6_Canola fresh, cucumber 
MRM_Canola fatty, brothy, oil, roasted nuts 

~~~~~~~~~~-jc..,.---

K -Pho s 6 _Cd bo nut 

K-Phos6_0Ieic Acid 
MRM_Oleic Acid herbal, plastic, slight cheesy, brothy 

Table 12 

PCT/US2014/011347 

List of aromatic compounds found in Beef by GCMS and a chart showing which 

were detected in each lipid plus MRM sample. 

Compounds in Beef 

( s )-isopropy 1 lactate 

l-ethyl-5-
methylcyclopentene 

1-heptanol 

1-hepten-3-ol 

1-heptene 

2-methyl-1-heptene 

1-hexanol 

2-ethyl-1-hexanol 

1-nonanol 
1-nonene 

1-octanol 

1-octen-3-ol 

b 
i::i 
0 

~ 
~ 
~ 

N N 
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