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product by weight, and the connective tissue replica accounts for 1-30% of the product by 

weight. 

In some embodiments, the meat substitute product comprises 60-90% water; 5-

30% protein content; and 1-20% of a fat; wherein the protein content comprises one or 

5 more isolated and purified plant proteins. 

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 

10 substances. These include organic acids, sulfur compounds, nitrogenous 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 comprising roughly 75% 

15 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% 

20 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, a meat replica contains between 0.01 % and 5% by weight 

25 of a heme containing protein. In some embodiments, the replica contains between 0.01 % 

and 5% by weight of leghemoglobin. Some meat also contains myoglobin, a heme 

containing protein, which accounts for most of the red color and iron content of some 

meat. It is understood that these percentages can vary in meat and the meat replicas can 

be produced to approximate the natural variation in meat. In embodiments that include a 

30 heme-containing protein and optional flavors, k-carrageenan can be used absorb some of 
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the liquid contributed from the flavor and heme solution so the ground tissue is not 

excessively wet. During addition of flavor heme mix solution and the k-carrageenan 

powder are distributed evenly over the tissue mixture to ensure homogeneity in the final 

ground product. 

It will be appreciated that when proteins are supplied as a solution, water removal 

techniques such as freeze-drying or spray drying can optionally be used to concentrate 

the protein. The proteins may then be reconstituted in an amount of liquid that prevents 

the ground tissue from being too moist. 

Additionally, in some instances, the present invention provides for improved meat 

10 replicas, which comprise these components in unnatural percentages. The concentration 

of heme containing protein is an important determinant of meat flavor and aroma. Thus 

for example a meat replica could have a higher heme protein content than typical beef. 

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 

15 desirable properties. 

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 

20 may be made with a higher than typical water content for raw meat, but when cooked in a 

microwave, the resulting product has non-starch polysaccharides such as arabinoxylans, 

cellulose, and many other plant components such as resistant starch, resistant dextrins, 

inulin, lignin, waxes, chitins, pectins, beta-glucans, and oligosaccharide percentages of 

components similar to meat cooked over a fire. 

25 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 water 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, can be hydrated to roughly 75% water. Once 

30 hydrated, in some embodiments, the meat replica is then cooked for human consumption. 
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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 

5 less protein than meat. 

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 vegetables, non food biomass such as carrot tops and 

A1iscanthus, seaweed, fruits, nuts, grains, algae, bacteria, or fungi. See, e.g, Sections III 

10 A and B. 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. 

In some embodiments protein is formed into asymmetric fibers for incorporation 

into the consumable. In some embodiments these fibers replicate muscle fibers. In some 

15 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. 

20 The physical organization can be a determinant of the response of the meat 

substitute to cooking. For example, the flavor of meat is modified by the size of the 

particles. Ground meat that has been reduced to a paste provides different flavors than 

more crudely ground beef upon cooking. The ability to control the relative size and 

orientation of individual tissue replicas enables the flavor and aroma profile of 

25 consumables to be modified during cooking. For example, muscle tissue replicas and 

adipose tissue replicas provide different flavor profiles when cooked independently or 

when mixed. Further changes in the flavor profile are observed based on the method by 

which the different tissue replicas are mingled. 

The physical organization of the meat substitute product can be manipulated by 

30 controlling the localization, organization, assembly, or orientation of the muscle, fat, 
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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. 

5 Characteristic flavor and fragrance components of meat are mostly produced 

during the cooking process by chemical reactions, the substrates for which are 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 

10 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 

15 embodiments the differences are sufficiently small as to be below the detection threshold 

of human perception. 

In some embodiments the individual tissue replicas are assembled in layers, 

sheets, blocks and strings in defined positions and orientations. 

In some embodiments, the replicas are combined in the process of passing 

20 through the plates of a meat grinder with the holes set at less than 1/2 inch ( e.g., at ¼ 

inch). The grinder provides multiple functions of reducing the particle size, providing 

additional mixing or working, and forming the material into cylindrical portions like what 

is typically done for ground beef. During the assembly, grinding, and forming, it is 

important to keep the replica tissues cold (e.g., 4 - 15°C) to control microbial growth, 

25 limit flavor reactions, and also to maintain the adipose in a solid state so discrete pieces 

of adipose will be maintained through the grinding process. 

Prior to grinding, the replica tissues are usually broken down in some manner to a 

defined particle size. For example, in some embodiments, the individual tissue replicas 

can be formed into small pieces less than 1 cm in diameter or less than 5 mm in diameter 

30 before combination with the other tissue replicas. Adipose tissue can be crumbled into 
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about 3 - 7 mm particles. This is important to both the appearance of the final material 

and the behavior of fat leakage during cooking. This size range allows for a natural 

appearance of adipose flecks in the final raw product. If the adipose tissues are too small 

( e.g., less than 2 mm), there will be an insufficient amount of fat leaked from the product 

5 when cooked. 

Soft connective tissue replicas can be broken down into pieces of about 1 - 3 mm 

in length with ragged edges. If the pieces are too large (e.g., greater than about 4 mm), 

the texture of the final product can be too beady. 

Sticky tissue or noodles tissue replicas, composed of amorphous or long noodle 

10 like tissue replica pieces, respectively, and raw tissue replicas can be manually broken 

down into pieces about 1 - 3 cm in diameter. Achieving particles in this size range allows 

for adequate mixing and suitable homogeneity in the final ground material. 

In some embodiments, hard connective tissue replicas can be chopped to three 

levels, (e.g., coarse, intermediate, and fine). Chopping to three levels provides a greater 

15 amount of heterogeneity than a single step chopping process, and makes the mouthfeel of 

the final product more similar to ground beef. 

In formulations containing gluten an additional function of the food grinder is to 

work the gluten and develop a gluten network of aligned gluten molecules. For gluten 

containing formulations it is important to minimize interaction of the adipose with the 

20 gluten network. This is done by prechilling the adipose replicas and ground tissue 

replicas prior to combining and also by minimizing the amount of manipulation after the 

adipose is added. Overworking of adipose replicas into the gluten will break down or 

"shorten" the gluten network. 

Finally for gluten containing formulations the patties are allowed to rest at room 

25 temperature for 30 min or overnight at 4C prior to cooking. This allows time for the 

gluten network to relax, giving an overall better texture. 

In some embodiments, the connective tissue replica is incorporated into the 

protein solution before formation of the muscle tissue replica. 

In some embodiments, the connective tissue replica is directly incorporated into 

30 the emulsion before formation of the adipose tissue replica. 
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In some embodiments, the adipose tissue replica is added to the muscle tissue 

replica in strands and sheets to replicate the effect of "marbling," or streaky bacon. 

Mixed meat tissue replicas can increase the sense of flavors, such flavors 

including, but not limited to, multiple aromatic compounds associated with fruity/grean 

5 bean/metallic, nutty/green, peanut butter/musty, raw potato/roasted/earthy, vinegary, 

spicy/caramel/almond, creamy, sweet, fruity/stale beer, 

musty /nutty/ coumarin/licorice/walnut/bread, coconut/woody /sweet, 

penetrating/sickening, minty, or toasty caramel aromas. 

In some embodiments the mixed meat replicas increase the presence of volatile 

10 odorants, such as 2-pentyl-furan; 4-methylthiazole; ethyl pyrazine,; 2,3-

dimethylpyrazine, acetic acid; 5-methyl-2-furancarboxaldehyde; butyrolactone; 2,5-

dimethyl-3-(3-methyl butyl) pyrazine; 2-cyclopentene-1-one, 2-hydroxy-3-methyl; 3-

acetyl-1 h-pyrolline; pantolactone; I-methyl 1 (H)-pyrrole-2-2carboxaldehyde,; 

caprolactam; 2,3-dihydro-3,5-dihydroxy-6-methyl-4(H)-pyran-4-one. in some 

15 embodiments, the undesired flavors including but not limited to gasoline-like, petroleum, 

sour/putrid/fish-like, bland/woody /yogurt, fatty/honey/ citrus, pungent/ sweet/ caramelic 

and nutty/burnt green aromas, form only in individual tissue replicas, but do not 

accumulate in mixed meat replicas. In some embodiments, the individual tissue replicas 

increase the presence of volatile odorants including but not limited to nonane, 2,6-

20 dimethyl, 3-methyl 3-hexene,; pyridine; acetoin; octanal; 1-hydroxy-2-propanone; and/or 

ethenyl pyrazine. In some embodiments the levels to which all of the above compounds 

accumulate during cooking depend on the sizes of tissue replica units and how they are 

mixed ( coarse, fine, or blended). 

In some embodiments, the mixed meat tissue replicas increase the sense of flavors 

25 including but not limited to, multiple aromatic compounds associated with fruity/grean 

bean/metallic, nutty/green, peanut butter/musty, raw potato/roasted/earthy, vinegary, 

spicy/caramel/almond, creamy, sweet, fruity/stale beer, 

musty /nutty I coumarin/licorice/walnut/bread, coconut/woody/ sweet, 

penetrating/sickening, minty, or toasty caramel aromas. In some embodiments, the 

30 mixed meat replicas increase the presence of volatile odorants including but not limited 
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to phenylacetaldehyde, 1-octen-3-one, 2-n-heptylfuran, 2-thiophenecarboxaldehyde, 3-

thiophenecarboxaldehyde, butyrolactone, 2-undecenal, methyl-pyrazine, furfural, 2-

decanone, pyrrole, 1-octen-3-ol, 2-acetylthiazole, (E)-2-octenal, decanal, benzaldehyde, 

(E)-2-nonenal, pyrazine, 1-hexanol, 1-heptanol, dimethyl trisulfide, 2-nonanone, 2-

5 pentanone, 2-heptanone, 2,3-butanedione, heptanal, nonanal, 2-octanone, 1-octanol, 3-

ethy lcyclopentanone, 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, l-ethyl-5-methylcyclopentene, (E,E)-2,4-

nonadienal, (Z)-2-decenal, dihydro-5-pentyl-2(3H)-furanone, trans-3-nonen-2-one, (E,E)-

10 3,5-octadien-2-one, (Z)-2-octen-1-ol, 5-ethyldihydro-2(3H)-furanone, 2-butenal, l­

penten-3-ol, (E)-2-hexenal, formic acid, heptyl ester, 2-pentyl-thiophene, (Z)-2-nonenal, 

2-hexyl-thiophene, (E)-2-decenal,, 2-ethyl-5-methyl-pyrazine, 3-ethyl-2,5-dimethyl­

pyrazine, 2-ethyl-1-hexanol, thiophene, 2-methyl-furan, pyridine, butanal, 2-ethyl-furan, 

3-methyl-butanal, trichloromethane, 2-methyl-butanal, methacrolein, 2-methyl-propanal, 

15 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, l-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-methyl-propanal, butyrolactone,, 3-methyl-butanal, methyl-thiirane, 2-hexyl-

20 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. In some embodiments the 

levels to which all of the above compounds accumulate during cooking depend on the 

sizes of tissue units and how they are mixed ( coarse, fine, or blended). 

The production of volatile odorants can be enhanced when the adipose, muscle 

25 and connective tissue replicas are contacting one another. In some embodiments, the 

production of volatile odorants is enhanced when the adipose, muscle and connective 

tissues are intimately mixed with a mean size of the individual tissue replicas of 5 mm. In 

some embodiments, the production of volatile odorants is enhanced when the fat, muscle 

and connective tissues are intimately mixed with mean size of the individual tissue 

30 replicas of 2 mm. In some embodiments, said production of volatile odorants is enhanced 
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when the fat, muscle and connective tissue replicas are intimately mixed with mean size 

of the individual tissue replicas of 1 mm. 

In some embodiments, the meat substitute is optimized for particular cooking 

methods ( optimized for cooking in a microwave oven, or optimized for cooking in a 

5 stew). 

In some embodiments, the meat substitute is optimized for dehydration. 

In some embodiments, said meat substitute is optimized for fast rehydration upon 

exposure of the dehydrated meat replica to water. 

In some embodiments, said meat substitute is optimized for use as emergency, 

1 o camping or astronaut food. 

The methods described herein can be used to provide a meat replica with defined 

cooking characteristics to allow the production of meat replicas that are optimized for 

particular cooking techniques. For example, stews require slow cooking to gelatinize the 

connective tissue in the meat, whereas meat replicas can be designed wherein the 

15 connective tissue replica is more easily gelatinized thus allowing stews to be prepared 

quickly. 

B. INDICATORS OF COOKING MEAT 

The consumable can include compositions which can indicate that the consumable 

20 is cooking or has cooked. 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, bacon, chicken, 

25 lamb, fish, or 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 or 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 

30 of proteins, peptides, amino acids, nucleotides, sugars and polysaccharides and fats in 
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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 

5 odorant that is released upon cooking. 

10 

In some embodiments, the indicator is a visual indicator that accurately mimics 

the color transition of a meat product during the cooking progression. The color 

transition can be, for example, from red to brown, from pink to white or tan, or from a 

translucent to opaque color during the cooking progression. 

In some embodiments, the indicator is an olfactory indicator that indicates 

cooking progression. In one embodiment, the olfactory indicator is one or more volatile 

odorants released during cooking. 

In some embodiments, the indicator comprises one or more isolated, purified iron­

containing proteins. In some embodiments, the one or more isolated, purified iron-

15 containing proteins ( e.g., a heme-containing protein, see section III B) is in a reduced 

state before cooking. In some embodiments, the 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. The Aquifex aeolicus hemoglobin has a peak absorbance wavelength at 

20 413 nm; the A1ethylacidiphilum infernorum hemoglobin has a peak absorbance 

wavelength at 412 nm; the Glycine max leghemoglobin has a peak absorbance 

wavelength at 415 nm; the Hordeum vulgare and Vigna radiata non-symbiotic 

hemoglobins each have a peak absorbance wavelength at 412 nm. The Bos taurus 

myoglobin has a peak absorbance wavelength at 415 nm. 

25 In some embodiments, the difference between the peak absorbance wavelength of 

the 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%. 

Odorants released during cooking of meat are generated by reactions that can 

involve as reactants fats, protein, amino acids, peptides, nucleotides, organic acids, sulfur 

30 compounds, sugars and other carbohydrates. In some embodiments the odorants that 
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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 

5 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. 

Some reactions that generate odorants released during cooking of meat can be 

10 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 

15 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. For example, hemeproteins ( e.g., from Aquifex aeolicusm, Af ethylacidiphilum 

20 infernorum, Glycine max, Hordeum vulgare, or Vigna radiate) provide a significantly 

different profile of volatile odorants when heated in the presence of cysteine and glucose 

than any subset of the three components when analysed by GC-MS. 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-

25 thiophenecarboxaldehyde, 3-methyl-2-thiophenecarboxaldehyde, 3-thiophenmethanol 

and decanol. 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 

proteins reduced the sulfurous odor and replaced it with flavors including but not limited 

to chicken broth, burnt mushroom, molasses, and bread. 
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Additionally, a hemeprotein (e.g., fromAquifex aeolicus, Methylacidiphilum 

infernorum, Glycine max, Hordeum vulgare, or Vigna radiata) when heated in the 

presence of ground chicken increased specific volatile odorants that are elevated in beef 

compared to chicken when analyzed by GC-MS. Volatile flavor components that are 

5 increased under these conditions include but are not limited to propanal, butanal, 2-ethyl­

furan, heptanal, octanal, trans-2-(2-pentenyl)furan, (Z)-2-heptenal (E)-2-octenal pyrrole, 

2,4-dodecadienal, 1-octanal, or (Z)-2-decenal 2-undecenal. 

10 

C. COLOR INDICATORS 

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 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 

15 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 some embodiments, the color indicator recapitulates 

20 the color transition of a cut of meat as the meat progresses from a raw to a cooked state. 

In more 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 embodiments, the color indicator 

colors the meat substitute product a pink color before cooking to indicate a raw state and 

25 causes the meat substitute product to transition to a white or brown color during cooking 

progression. 

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-carrying proteins is myoglobin. As described above, 

30 the myoglobin content of varies from under 0.05% in the white meat of chicken to 1.5-
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2.0% in old beef. So, in some embodiments, the consumable is a meat replica which 

comprises an iron-carrying protein ( e.g., a heme-containing 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 

5 I%, about 1.1 %, about 1.2%, about 1.3%, about I .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 ( e.g., a heme-containing 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 

10 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., plant, algae, bacteria or fungus. In some 

cases, the iron-carrying 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 embodiments the consumable is a 

15 plant based meat replica that has a leghemoglobin or a cytochrome added. So, for 

example, a replica of young beef can have about 0.4-1 % leghemoglobin or cytochrome. 

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 

20 recycling blood from animal farming to supplement the color of a consumable. For 

example, blood is saved from a slaughter house, and 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. 

Additional iron containing proteins exist in nature. In some embodiments the 

25 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. See, for example, Section III B for examples of heme-containing proteins, 

30 as well as FIG. 3. For example, in some embodiments the consumable comprises a 
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hemoprotein ( e.g., a hemoglobin, myoglobin, neuroglobin, cytoglobin, leghemoglobin, 

non-symbiotic hemoglobin, Hell's gate globin I, a bacterial hemoglobin, a ciliate 

myoglobin, or a flavohemoglobin). 

Leghemoglobin, similar in structure and physical properties to myoglobin, is 

5 readily available as an unused by-product of commodity legume crops ( e.g., soybean or 

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, and containing a heme protein 

10 (e.g., a leghemoglobin or member of the globin protein family). For example, a meat 

replica can be 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 a heme protein. In some embodiments the consumable is a meat replica 

principally or entirely composed of ingredients derived from non-animal sources, with a 

15 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. 

A heme protein (e.g., a heme-containing protein described in Section III B) can be 

used as an indicator that the consumable is finished cooking. So, one embodiment of the 

20 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. 

25 In some embodiments, the increased shelf life is provided by an extension of the 

lifetime of the desired red color of food products ( e.g., a non-meat based meat substitute). 

In one embodiment, this invention provides hemoproteins that provide a desired 

color to non-meat meat substitutes. In some embodiments, the hemoproteins are derived 

from a non-animal source such as a plant, fungus, or genetically modified organisms such 
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as, e.g., plant, algae, bacteria or fungus. See, e.g., section III B. In some embodiments 

the life time of the hemoproteins is extended by treatment with meat shelf life extenders. 

In some embodiments, the meat shelf life extenders are selected from a groups 

consisting of carbon monoxide, nitrites, sodium metabisulfite, Bombal, rosemary extract, 

5 green tea extract, catechins and other anti-oxidants. 

10 

15 

20 

In one embodiment, this invention provides hemoproteins that provide a desired 

flavor profiles to food products ( e.g., non-meat meat substitutes). In some embodiments, 

the ability of the hemoproteins to generate the desired flavor profile is similar to that of 

myoglobin 

In some embodiments, the life time of the ability of the hemoproteins to generate 

the desired flavor profile is 10%, 20%, 30% 50%, or 100% or more greater than that of 

myoglobin. 

D. Food products comprising isolated, purified heme proteins 

In some embodiments, heme proteins described herein are added to meat or a 

consumable described herein to enhance the properties of the meat or consumable. For 

example, a heme protein containing solution can be injected into raw (e.g., raw white 

meat) or cooked meat to improve the organoleptic properties of the meat during cooking 

adding a "beefy" flavor ( e.g., to white meats such as chicken). 

In another example, a heme protein solution can be 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 can be 

enhanced with a heme protein. 

In another embodiment, a heme protein is added to the consumable as an iron 

25 supplement. 

In one application of the invention, hemeproteins may be used as food dyes. In 

one embodiment, the heme proteins may be used as a safe, digestible replacement for 

FD&C Red No. 40 - Allura Red AC, El29 (red shade) in a variety of applications. A 

non-limiting list of such potential uses would include making pictures, especially in 

30 forms such as body-painting or as theatrical blood. 
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In some embodiments, the present invention provides methods for obtaining 

hemeproteins (e.g., leghemoglobin) from a plant. Leghemoglobin can be obtained from a 

variety of plants. Various legumes species and their varieties ( e.g., soybean, fava bean, 

lima bean, cowpeas, English peas, yellow peas, Lupine, kidney beans, garbanzo beans, 

5 peanuts, Alfalfa, Vetch hay, clover, Lespedeza, or 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). In one embodiment leghemoglobin protein is 

purified from root nodules of legume plants ( e.g., soybeans, favabeans, or peas) using 

ion-exchange chromatography. In an embodiment, leghemoglobin is purified from 

10 soybean, favabean or sweet pea root nodules. 

Plants can be grown using standard agricultural methods, with the exception that, 

in some instances, fertilizer is not applied and soil is enriched in natural nitrogen-fixing 

bacteria from the Rhizobium genus. Either whole roots or root nodules can be harvested 

and lysed, for example in 20mM potassium phosphate pH 7 .4, 1 00mM potassium 

15 chloride and 5mM EDT A using grinder-blender. During this process, leghemoglobin is 

released into the buffer. Root-nodule lysate containing leghemoglobin can be cleared 

from cell debris by filtration through 5 µm filter. In some embodiments, filtration is 

followed by centrifugation (7000g, 20min). Clarified lysate containing leghemoglobin is 

then filtered through 200nm filter and applied onto anion-exchange chromatography 

20 column (High Prep Q; High Prep DEAE, GE Healthtcare) on fast protein liquid 

chromatography machine (GE Healthcare). Leghemoglobin is collected in the 

flowthrough fraction and concentrated over 3kDa filtration membrane to a desired 

concentration. Purity (partial abundance) of purified leghemoglobin is analyzed by SDS­

p AGE gel: in lysate leghemoglobin is present at 20-40%, while after anion-exchange 

25 purification it is present at 70-80%. In another embodiment, soybean leghemoglobin 

flnwthrough from anion-exchange chromatography is applied onto size-exclusion 

chromatography (Sephacryl S-100 HR, GE Healthcare). Soybean leghemoglobin is eluted 

as two fractions corresponding to dimer and monomer species. Purity (partial abundance) 

of leghemoglobin was analyzed by SDS-P AGE and determined to be ~ 90-100%. 
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Proteins in legume root-nodule lysate can be transferred into 10 mM sodium 

carbonate pH 9.5, 50mM sodium chloride buffer, filtered through 200nm filter and 

applied onto anion-exchange chromatography column on fast protein liquid 

chromatography instrument (GE Healthcare). Leghemoglobin can be bound to anion-

5 exchange chromatography matrix and eluted using sodium chloride gradient. Purity 

(partial abundance) of leghemoglobin can be analyzed by SDS-P AGE and determined to 

be~ 60-80%. 

Undesired small molecules from legume roots can be removed from purified 

leghemoglobin by passing leghemoglobin in solution over anion-exchange resin. These 

10 small molecules imbue varying shades of brown color to root-root nodule lysates, thus 

decreasing the color quality of leghemoglobin solution. In one embodiment, anion­

exchange resin is FFQ, DEAE, Amberlite IRA900, Dowex 22, or Dowex lx4. 

Leghemoglobin purified either by ammonium sulfate fractionation ( 60% wt/v and 90% 

wt/v ammonium sulfate) or by anion-exchange chromatography was buffer exchanged 

15 into 20mM potassium phosphate pH 7.4, lO0mM sodium chloride and solution passed 

over one of the above mentioned anion-exchange resins. Flowthrough can be collected 

and its colored compared to the color of the solution before passage over anion-exchange 

resins. Color improvement to purified leghemoglobin solution as evaluated by visual 

inspection can be observed (from yellow/brown to more apparent red), however to 

20 different extent of removal of yellow-brown tinge. 

Alternatively, the heme-containing protein can be recombinantly produced as 

described in section III B. For example, a non-symbiotic hemoglobin from moong bean 

can be recombinantly expressed in E.coli and purified using anion-exchange 

chromatography or cation-exchange chromatography. A cell lysate can be loaded over 

25 FF-Q resin on fast protein liquid chromatography instrument ( GE Healthcare). Moong 

bean non-symbiotic hemoglobin eluted in the flo"Wthrough fractions. Purity (partial 

abundance) ofMoong bean non-symbiotic hemoglobin was analyzed by SOS-PAGE and 

determined to be as a fraction of total protein: 12 % in E.coli lysate, and 31 % after 

purification on FFQ. UV-Vis analysis of purified protein showed spectra characteristic 

30 of heme bound protein. 
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Alternatively, the cell lysate can be loaded over a FF-S resin on a fast protein 

liquid chromatography instrument (GE Healthcare). Moong bean non-symbiotic 

hemoglobin can be bound to FF-S column and eluted using sodium chloride gradient 

(50mM- l000mM). Purity (partial abundance) of Moong bean non-symbiotic 

5 hemoglobin can be analyzed by SDS-P AGE and determined to be: E.coli lysate 13 %, 

after purification on FFQ 35%. UV-Vis analysis of purified protein can show spectra 

characteristic of heme bound protein. 

In some embodiments, the heme proteins are utilized as ingredients in food 

products where the flavor of blood is desired. Heme-containing proteins of the invention 

10 were tasted by a panel of volunteers and in each case described as tasting like blood. 

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 other proteins. In some 

aspects, multiple gels are combined with non-gel based heme proteins. In some 

15 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 soaked in a heme-protein 

containing solution, for instance a leghemoglobin solution, e.g., for 1, 5, 10, 15, 30, or 45 

minutes or for 1, 5, 10, 15, 20 or 30 hours. 

20 Given the usefulness of heme proteins for coloring consumables, it is 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. For example, an ELISA, a proximity-ligation assay, a luminex 

assay, or western blot analysis can be performed to determine whether leghemoglobin or 

25 other heme-containing protein 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 or other heme-containing protein. 

E. MAYONNAISE SPREAD REPLICA. 
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Mayonnaise is thick, creamy sauce. Traditional mayonnaise is a stable emulsion 

of oil and egg yolk. It is thought that lecithin and proteins from egg yolk stabilize the 

emulsion. Traditional commercial mayonnaise typically contains 70-80% (wt/wt) fat and 

5% (wt/wt) of egg yolk. Lower fat commercial products can contain~ 20% wt/wt fat. 

5 The consumable can comprise a composition that has comparable properties to 

mayonnaise. 

In one embodiment, purified plant proteins can be used as substitute for egg 

proteins to make stable, creamy protein-fat emulsions whose visual and mouth-feel 

appearance resemble traditional mayonnaise. Fat(~ 20- 80% wt/wt) can be from a single 

10 source or from multiple sources as described herein. Non-traditional mayonnaise 

products can be used for all the culinary applications that traditional mayonnaise is used 

for. In one embodiment, vinegar and/or lemon and/or lime juice are added as flavor 

additives. In one embodiment, the purified plant proteins are not soy proteins. In one 

embodiment, the flavor can be modified by addition of mustard, spices, herbs, and/or 

15 pickles. 

A mayonnaise replica can comprise a mixture of non-animal proteins. In one 

embodiment, a mayonnaise replica is a mixture of 50% (wt/v) rice bran oil and 7% (wt/v) 

Moong bean 8S protein. In one embodiment, a mayonnaise replica is a mixture of 70% 

(\vi/v) sunflower oil or cocoa butter, 2.4% (wt/v) RuBisCo,0.29% (wt/wt) soybean 

20 lecithin, and optionally 8 µM oleosin. 

The mixture can be emulsified, and the stability of the emulsion can be controlled 

by modifying the size of the oil-water-protein particles by high pressure homogenization 

or sonication. Oil can be added as liquid. Protein can be added as solution in buffer. 

Soybean lecithin can be resuspended in water and sonicated prior to mixing with an oil 

25 and protein solution. A resulting oil, protein and lecithin solution can be homogenized, 

for example, first at 5000psi and then at 8000psi, or can be sonicated at 40% duty cycle 

for 2 minutes at maximum setting. Thickness, texture, creaminess and visual appearance 

of resulting products are similar to one of traditional mayonnaise. In some instances (e.g. 

using Moong bean 8S protein and rice bran oil), a product is a light off-white in color. 

30 
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F. CREAM LIQUOR REPLICA 

Traditionally, cream liquors contain dairy cream and liquor as their base. 

Examples of liquor include whiskey, Irish whiskey, Scotch whiskey, rum, vodka, grappa, 

or fermented fruits ( e.g., cherry liquor), plum brandy, tequila, or herbal bitters. A cream 

5 liquour replica can be produced by substituting the dairy cream in cream liquor with a 

non-dairy cream fraction from plant sources. In one embodiment, dairy cream in a cream 

liquor can be substituted by a stable emulsion of plant fats and isolated or purified 

proteins of a consistency similar to dairy cream. In one embodiment, purified plant 

proteins and/or plant fats can be from single or multiple sources as described herein. For 

10 example, a cream liquor can include a sunflower cream fraction, RuBsiCo and whiskey, 

and one or more optional flavorings ( e.g., vanilla, chocolate, and or coffee). 

G. PROTEIN ENRICHED ALCOHOLIC BEVERAGE 

Traditionally, alcoholic beverages contain negligible to low amounts of protein. 

15 Addition of plant proteins to various alcoholic beverages would positively modify their 

flavor, mouthfeel, physical state and increase their nutritional protein content. In addition, 

the presence of protein in various alcoholic beverages used in cocktails would positively 

modify the cocktail's flavor, mouthfeel, physical state and increase their nutritional 

protein content. Different classes of alcoholic beverages contain different amounts of 

20 alcohols. For example, wine coolers contain about 4-7% alcohol, beer contains about~ 3-

10% alcohol, wine contains about 8-14% v/v alcohol, dessert wines contain about 17-

20% alcohol, whiskey contains about ~ 40% alcohol, and vodka contains about 35-50% 

alcohol. In addition, some traditional alcoholic beverages include sugars (for example, 

Bacardi Razz at 10% wt/v). 

25 Accordingly beverages containing alcohol can be supplemented by addition of 

purified plant proteins at for example 0.1-5% wt/v and optionally sugar (1-15% wt/v). 

The sugar can be, for example, cane sugar, brown sugar, sucrose, or glucose. For 

example, purified Rubisco at 180mg/ml in 20mM K-phosphate pH 7.0, 150mM NaCl can 

be added to a whiskey. Jameson whiskey supplemented with 5% wt/v Rubsico formed a 

30 soft gel, with a consistency similar to traditional Jello shots. 
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For example, Rubsico, moong bean 8S, and pa Globulin enriched alcoholic 

beverages were made by adding purified Rubsico, Moong bean 8S and pea globulin 

proteins at final protein concentrations of 0.5%, 1 % and 5% ,vt/v, respectively, to Corona 

beer, Pinot grigio wine and Jameson whiskey. Zein was added at 0.5%, 1 % and 5% wt/v 

5 to a 60% ethanol, 5% sucrose solution in water. 

Pea proteins were extracted from pea flour by resuspending the flour in 5%, 20% 

or40% ethanol, 5% sucrose solutions in water, followed by incubation for 1hr at room 

temperature. Any undissolved solids were removed by centrifugation at 5000g for 1 0min. 

The resultant supernatant solution was clear in appearance. The 5% ethanol solution was 

10 particularly useful. 

A sensory panel evaluated all protein enriched alcoholic beverages as having 

aromas and flavors different from beverages not-enriched in protein. In some cases, 

generated aromas and flavors were judged as neutral, in some cases as more appealing 

and in some cases as less appealing than controls. In particular example, addition of both 

15 0.5% \\'1/v and 1 % wt/v ofMoong bean 8S protein to Jameson whiskey softened the 

aroma and mouthfeel of Jameson. Addition of0.5% wt/v ofmoong bean to Jameson 

whisky added a slightly creamy flavor to Jameson, with an aroma similar to a traditional 

White Russian cocktail. Addition of 5% wt/v zein to Jameson whiskey generated aromas 

and flavor characterized as moldy beans and raw potato. 

20 In another example where Corona beer was enriched with 0.5% wt/v pea 

Globulin, the aroma changed to hoppy and resembled one of Indian Pale Ale, and the 

flavor changed to carrying pea notes. Addition of 0.5% wt/v and 5% wt/v of moong bean 

8S protein changed the Corona aroma towards sweet peony flower with an intensified 

hop aroma. The flavor was neutral in the case of 0.5% wt/v moong bean 8S and carried 

25 planty-nutty notes in the case of 5% \\,t/v moong bean 8S. 

In another example where Pinot Grigio wine was enriched with 1 % wt/v moong 

bean 8S protein, additional aroma notes of sweet and citrus were detected, and the flavor 

changed to that of carrying notes of peanut-butter. Addition of 1 % wt/v of Pea Globulins 

modified the aroma to that of strong moldy oak and wet leaves. Flavor was modified to 
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carry notes of mud. Addition of 5% wt/v of Rubisco generated aroma and flavor of wet 

hay. 

A zein enriched 60% ethanol, 5% sucrose solution carrried burnt tortilla chip 

aroma notes compared to a corresponding solution without zein. There was no difference 

5 in flavor. 

Pea proteins enriched 5%, 20% and 40% ethanol, 5% sucrose solutions all 

developed earthy aroma and flavor compared to protein free controls. In addition, flavor 

of peas was detected and bitter flavor increased at higher alcohol content. 

10 H. CHOCOLATE SPREAD 

Chocolate spread is a chocolate flavored spread whose traditional main 

ingredients are cocoa powder, dairy milk, plant oil, and sugar. Traditional chocolate 

spreads are either firm or soft solids at ambient room temperature and melt at 

temperatures below that of cocoa butter. The product can be used as a spread on bread, 

15 crepes, pancakes, icing for cakes and cookies, filling for chocolate confectionary, or non­

dairy chocolate cake filling. 

In one embodiment, dairy milk and milk products such as ice cream, whey, 

cream, yoghurt, sour cream or butter fat are substituted by a non-dairy cream fraction 

made as described herein. In one embodiment, a non-dairy cream fraction comes from a 

20 single source or multiple sources described herein. In one embodiment, dairy milk and 

milk products are substituted by any non-dairy milk described herein. In one 

embodiment, dairy milk and milk products are substituted by purified plant proteins 

described herein. In one embodiment, dairy milk and milk products are substituted by 

soft solid stable emulsions made from single or multiple plant oil and single or multiple 

25 purified plant proteins. 

I. OTHER APPLICATIONS: 

In one embodiment, non-dairy plant cream fraction can be used as a substitute for 

dairy milk and dairy milk products to make non-dairy milk chocolate bars or non-dairy 

30 milk chocolate confectionary. 
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In one embodiment, non-dairy plant cream fraction and purified plant proteins can 

be used as substitute for dairy milk and dairy milk products to make non-dairy milk 

chocolate bars or a non-dairy milk chocolate confectionary. 

In one embodiment, non-dairy plant cream fraction and plant proteins can be used 

5 to make chocolate mousse. Traditional main chocolate mousse ingredients are bittersweet 

or semisweet chocolate, dairy butter and eggs. In one embodiment, dairy butter can be 

substituted by a non-dairy plant cream fraction. In one embodiment, dairy butter and 

eggs can be substituted by a non-dairy plant cream fraction and a foam stabilizing plant 

seed storage proteins such as pea albumin. 

10 In one embodiment, a vegan consumable such as pate analog can be made. Vegan 

pate analog can be made by finely chopping 10 g of fat replica and heating it on a frying 

pan with finely chopped shallots for 2-3 min. Muscle replica (20 g) made without 

connective tissue replica fibers can be chopped into ½-inch cubes and browned in the fat 

and shallots mix for another 3-5 min. The mixture can be forced through a sieve until 

15 homogeneous. The pan, while still warm, can be rinsed with a tablespoon of madeira 

without allowing it to evaporate fully. The liquid from the pan is added to the 

homogenized mix, spices (salt, pepper) are added to taste, and the mix is forced through a 

sieve again. After chilling in a refrigerator (e.g., for 15 minutes), the pate is ready to be 

served. 

20 In some embodiments, other fat-to-muscle replica ratios are used to create leaner 

or richer pates. For example, pate can contain 0.5-10%, about 5%-40%, about 10%-60%, 

or about 30-70%, or >70% of an adipose tissue replica. 

In some embodiments, a muscle tissue replica with a higher iron content can be 

used for pate to make it a closer imitation of pig or bird liver pate. For example, muscle 

25 tissue replica can contain about 1 %, about 1.5%, about 2%, or >2% of a heme protein. 

In some embodiments, muscle tissue replica with lower iron content can be used 

for pate to make it closer imitation of bird meat or fish pate. For example, muscle tissue 

replica can contain about 1 %, about 0.5%, about 0.2%, or <0.2% of a heme protein. 

In one embodiment, a vegan consumable such as a blood sausage analog can be 

30 made. Vegan blood sausage is made from a blood analog created by mixing solutions of 

92 

Case No.: IPR2023-00322 
U.S. Patent No. 10,273,492



 
Motif Exhibit 1039, Page 567 of 1288

WO 2014/110539 PCT/US2014/011361 

heme protein and purified plant protein. For example, 35 ml of a mixed solution of 

leghemoglobin (120 mg/ml) and pea albumin (100 mg/ml), which approximates the 

composition of blood, can be carefully mixed with a slurry of com flour in salt water (6:5 

w/v flour to water ratio). A tablespoon of chopped onion can be fried with 10 g of 

5 chopped adipose tissue replica, mixed with a few raisins and cooled to room temperature 

before mixing with blood/flour mix. The mixture can be seasoned to taste (for example, 

using salt, pepper, parsley and/or cinnamon), loaded into vegetarian sausage casings, and 

poached in near-boiling water for about 45 min. After cooling, the sausage can be 

consumed as is or further cooked, for example smoked, crisped in an oven or roasted. 

10 In some embodiments, muscle replica can be included in the recipe to imitate 

15 

meat/blood sausages. In some embodiments, barley, buckwheat, oat, rice, rye, sorghum, 

wheat or other grains can be used in the blood sausage. In some embodiments, bread, 

chestnuts, potato, sweet potato, starch or other fillers can be added to, or substitute for, 

grains in blood sausage. 

EXAMPLES 

EXAMPLE 1: PROTEIN ISOLATION. 

All steps were carried out at 4 °C or room temperature. Centrifugation steps were 

at 8000 g for 20 mins, 4 °C or room temperature. The flour is suspended in a specific 

buffer, the suspension is centrifuged and the supernatant is microfiltered through a 0.2 

20 micron PES membrane and then concentrated by ultrafiltration on a 3 kDa, 5 kDa, or 10 

kDa molecular weight cutoff PES membrane on a Spectrum Labs KrosFlo hollow fiber 

tangential flow filtration system. 

Once fractionated, all ammonium sulfate precipitate fractions of interest were 

stored at -20°C until further use. Prior to their use in experiments, the precipitates were 

25 resuspended in 10 volumes of 50 mM K Phosphate buffer, pH 7.4, + 0.5 M NaCl. The 

suspensions were centrifuged and the supernatants microfiltered through a 0.2 micron 

PES membrane and then concentrated by ultrafiltration on a 3 kDa, 5 kDa, or 10 kDa 

molecular weight cutoff PES membrane on a Spectrum Labs KrosFlo hollow fiber 

tangential flow filtration system. Protein composition at individual fractionation steps 
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was monitored by SDS-PAGE and protein concentrations were measured by standard 

UV-Vis methods. 

(i) Pea-albumins: Dry green or yellow pea flour was used as a source of pea 

albumins. The flour was suspended in 10 volumes of 50 mM sodium acetate buffer pH 5 

5 and stirred for 1 hr. Soluble protein was separated from un-extracted protein and pea seed 

debris by either centrifugation (8000 g, 20 minutes) or filtration through a 5 micron filter. 

Supernatant or filtrate, respectively, was collected. To this crude protein extract, solid 

ammonium sulfate was added to 50% wt/v saturation. The solution was stirred for 1 hour 

and then centrifuged. To the supernatant from this step, ammonium sulfate was added to 

10 bring to 90% wt/v saturation. The solution was stirred for 1 hour, and then centrifuged to 

collect the pea albumin proteins in the pellet. The pellet was stored at -20°C until further 

use. Protein was recovered from the pellet and prepared for use as described above, with 

the exception that final buffer can contain 0-500 mM sodium chloride. 

In some embodiments, the flour was suspended in 10 volumes of 50 mM NaCl, 

15 pH 3.8 and stirred for 1 hour. Soluble protein was separated from un-extracted protein 

and pea seed debris by centrifugation (8000 g, 20 minutes). The supernatant was 

collected and filtered through a 0.2 micron membrane and concentrated using a 10 Kda 

cutoff PES membrane. 

(ii) Pea-globulins: Dry green pea flour was used to extract pea globulin 

20 proteins. The flour was suspended in 10 volumes of 50 mM potassium phosphate buffer 

pH 8 and 0.4M sodium chloride and stirred for 1hr. Soluble protein was separated from 

pea seed debris by centrifugation. The supernatant was subjected to ammonium sulfate 

fractionation in two steps at 50% and 80% saturation. The 80% pellet containing 

globulins of interest was stored at -20°C until further use. Protein was recovered from the 

25 pellet and prepared for use as described above. 

iii) Soybean 7S and 1 lS globulins: Globulins from soybean flour were isolated by 

first suspending lowfat/defatted soy flour in 4-15 volumes of 10 (or 20) mM potassium 

phosphate pH 7.4. The slurry was centrifuged at 8000 rcf for 20 mins or clarified by 5 

micron filtration and the supernatant was collected. The crude protein extract contained 

30 both the 7S and 1 lS globulins. The solution then was 0.2 micron filtered and 
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concentrated using a 10 kDa molecular weight cutoff PES membrane on a Spectrum Labs 

KrosFlo hollow fiber tangential flow filtration system or by passing over anion-exchange 

resin prior to use in experiments. The 11 S globulins were separated from the 7S proteins 

by isoelectric precipitation. The pH of the crude protein extract was adjusted to 6.4 with 

5 dilute HCl, stirred for 30 min-1 hr and then centrifuged to collect the l lS precipitate and 

7S proteins in the supernatant. The 11 S fraction was resuspended with 1 0mM Potassium 

phosphate pH 7.4 and the protein fractions were microfiltered and concentrated prior to 

use. 

Soybean proteins also can be extracted by suspending the defatted soy flour in 4-

10 15 volumes (e.g., 5 volumes) of20 mM sodium carbonate, pH 9 (or water, pH adjusted to 

9 after addition of the flour) or 20 mM potassium phosphate buffer pH 7.4 and 100 mM 

sodium chloride to decrease off-flavors in the purified protein. The slurry is stirred for 

one hour and centrifuged at 8000 xg for 20 minutes. The extracted proteins are 

ultrafiltered and then processed as above or alternatively, the supernatant was collected 

15 and filtered through a 0.2 micron membrane and concentrated using a 10 KDa cutoff PES 

membrane. 

(iv) Moong bean 8S globulins: Moong bean flour was used to extract 8S 

globulins by first suspending the flour in 4 volumes of 50 mM KPhosphate buffer pH 7 

(+ 0.5M NaCl for lab scale purifications). After centrifugation, proteins in the 

20 supernatant were fractionated by addition of ammonium sulfate in 2 steps at 50% and 

90% saturation respectively. The precipitate from the 90% fraction contained the 8S 

globulins and was saved at -20°C until further use. Protein was recovered from the pellet 

and prepared for use as described above. 

Moong bean globulins also can be extracted by suspending the flour in 4 volumes 

25 of 20 mM sodium carbonate buffer, pH 9 ( or water adjusted to pH 9 after addition of the 

moong flour) to reduce off-flavors in the purified protein fractions. The slurry is 

centrifuged ( or filtered) to remove solids, ultrafiltered and then processed as described 

above. 

(v) Late embryogenesis abundant proteins: Flour (including but not limited to 

30 moong bean and soy flour) was suspended in 20 mM Tris-HCl, pH 8.0, 10 mM NaCl, 
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and stirred at room temperature for 1 hour then centrifuged. Acid (HCl or acetic acid) 

was added to the supernatant to a 5% concentration (v/v), stirred at room temperature 

then centrifuged. The supernatant was heated to 95°C for 15 minutes, and then 

centrifuged. The supernatant was precipitated by adding Trichoroacetic acid to 25%, 

5 centrifuged, then washed with acetone. Heating and acid wash steps can be carried out in 

the reverse direction as well. 

(vi) Pea-Prolamins: Dry green pea flour was suspended in 5x (w/v) 60% 

ethanol, stirred at room temperature for one hour, then centrifuged (7000g, 20min) and 

the supernatant collected. The ethanol in the supernatant was evaporated by heating the 

10 solution to 85°C and then cooling to room temperature. Ice-cold acetone was added (1: 4 

v/v) to precipitate the proteins. The solution then was centrifuged ( 4000g, 20min), and 

protein recovered as the light-beige colored pellet. 

(vii) Zein-Prolamins: Com protein concentration or flour was suspended in 5x 

(w/v) 60% ethanol, stirred at room temperature for one hour, then centrifuged. Ethanol in 

15 supernatant was evaporated with heat, and then the solution is centrifuged, and the 

protein recovered as the pellet. 

(viii) RuBisCO was fractionated from alfalfa greens by first grinding leaves 

with 4 volumes of cold 50 mM potassium phosphate buffer pH 7.4 buffer (0.5M NaCl+ 

2mM DTT + lmM EDTA) in a blender. The resulting slurry was centrifuged to remove 

20 debris, and the supernatant ( crude lysate) was used in further 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 % 

(\vi/v) ammonium sulfate saturation. The solution was centrifuged again after stirring for 

25 1hr. The pellet from this step contains RuBisCO, and was kept at -20°°C until used. 

Protein was recovered from the pellet and prepared for use as described above. 

RuBisCO also can be purified by adjusting the crude lysate to 0.lM NaCl and 

applying to an anion exchange resin. The weakly bound protein contaminants are washed 

with 50 mM KPhosphate buffer pH 7.4 buffer+ 0.lM NaCl. RuBisCO was then eluted 

30 with high ionic strength buffer (0.5M NaCl). 
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RuBisCO solutions were decolorized (pH 7-9) by passing over columns packed 

with activated carbon. The colorants bound to the column while Rubisco was isolated in 

the filtrate. 

RuBisCO solutions were also alternatively decolorized by incubating the solution 

5 with FPX66 (Dow Chemicals) resin packed in a column ( or batch mode). The slurry is 

incubated for 30mins and then the liquid is separated from the resin. The colorants bind 

to the resin and RuBisCO was collected in the column flow-through. 

In some embodiments, RuBisCO was isolated from spinach leaves by first 

grinding the leaves with 4 volumes of 20mM potassium Phosphate buffer pH 7.4 buffer+ 

10 150 mM NaCl+ 0.5 mM EDTA) in a blender. The resulting slurry was centrifuged to 

remove debris, and the supernatant ( crude lysate) was filtered through a 0 .2 micron 

membrane and concentrated using a 10 KDa cutoff PES membrane. 

In some embodiments, RuBisCO was extracted from alfalfa or wheatgrass juice 

powder by mixing the powder with 4 volumes of 20mM potassium Phosphate buffer pH 

15 7.4 buffer+ 150 mM NaCl+ 0.5 mM EDTA) in a blender. The resulting slurry was 

centrifuged to remove debris, and the supernatant ( crude lysate) was filtered through a 

0.2 micron membrane and concentrated using a 10 KDa cutoff PES membrane. 

(ix) Leghemoglobin. Soy root nodules were suspended and lysed in 20 mM 

potassium phosphate pH 7.4, 1 00mM potassium chloride and 5mM EDT A using grinder-

20 blender. During this process leghemoglobin is released into the buffer. Root-nodule 

lysate containing leghemoglobin was cleared from cell debris by filtration through 5 

micron filter. In some embodiments, filtration was followed by centrifugation (7000g, 

20min). Clarified lysate containing leghemoglobin was then filtered through 0.2 micron 

filter and applied onto anion-exchange chromatography column (High Prep Q; High Prep 

25 DEAE, GE Healthtcare) on fast protein liquid chromatography instrument (GE 

Healthcare). Leghemoglobin was collected in flowthrough fraction and concentrated over 

3kDa molecular weight cutoff PES membrane on a Spectrum Labs KrosFlo hollow fiber 

tangential flow filtration system to a desired concentration. Purity (partial abundance) of 

purified leghemoglobin was analyzed by SDS-P AGE gel: in lysate leghemoglobin is 

30 present at 20-40%, while after anion-exchange purification it is present at 70-80%. In 
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another embodiment, soybean leghemoglobin flow through from anion-exchange 

chromatography was applied onto size-exclusion chromatography (Sephacryl S-100 HR, 

GE Healthcare). Soybean leghemoglobin eluted as two fractions corresponding to dimer 

and monomer species. Purity (partial abundance) of leghemoglobin was analyzed by 

5 SOS-PAGE and determined to be~ 90-100%. Analysis of UV-VIS spectra (250-700nm) 

revealed spectral signature consistent with heme loaded leghemoglobin. 

(x) Non-symbiotic hemoglobin from moong bean was cloned into pJexpress401 

vector (ONA2.0) and transformed into E. coli BL21. Cells were grown in LB media 

containing soytone instead of tryptone, kanamycin, 0 .1 mM ferric chloride and 10 µg/ml 

10 5-aminolevulinic acid. Expression was induced by 0.2mM IPTG and cells grown at 30°C 

for 20hr. E.coli cells expressing moong bean non-symbiotic hemoglobin were collected 

and resuspended in 20mM MES buffer pH 6.5, 50mM NaCL, lmmM MgCb, lmM 

CaCb. Add a bit of ONAaseI, and protease inhibitors. Cells were lysed by sonication. 

Lysate was cleared from cell debris by centrifugation at 16 000g for 20 min, followed by 

15 filtration over 200nm filter. Cell lysate was then loaded over FF-S resin on fast protein 

liquid chromatography instrument (GE Healthcare). Moong bean non-symbiotic 

hemoglobin bound to FF-S column and was eluted using sodium chloride gradient 

(50mM- lO00mM). Purity (partial abundance) of moong bean non-symbiotic 

hemoglobin was analyzed by SOS-PAGE and determined to be: E.coli lysate 13 %, after 

20 purification on FFQ 35%. UV-Vis analysis of purified protein showed spectra 

characteristic of heme bound protein. 

(xi) Hemeproteins were synthesized with an N-terminal His6 epitope tag and a 

TEV cleavage site, cloned into pJexpress401 vector (ONA2.0), and transformed into E. 

coli BL21. Transformed cells were grown in LB media containing soytone instead of 

25 tryptone, kanamycin, 0.1 mM ferric chloride and 10 µg/ml 5-aminolevulinic acid. 

Expression was induced by 0.2mM IPTG and cells grown at 30°C for 20hr. E.coli cells 

expressing heme proteins were collected and resuspended in 50 mM potassium phosphate 

pH 8, 150 mM NaCl, 10 mM imidazole, 1 mM MgCb, 1 mM CaCb, ONAaseI, and 

protease inhibitors. Cells were lysed by sonication and clarified by centrifugation at 9000 

30 x g. Lysate was incubated with NiNTA resin (MCLAB), washed with 5 column volumes 
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(CV) of 50 mM potassium phosphate pH 8, 150 mM NaCl, 10 mM imidazole, and eluted 

with 50 mM potassium phosphate pH 8, 150 mM NaCl, 500 mM imidazole. SDS-PAGE 

and UV-vis spectra confirmed expected molecular weights and complete heme-loading, 

respectively. 

In some embodiments, transformed cells were grown in seed media comprised of 

10g/L glucose monohydrate, 8g/L IV1onopotassium Phosphate, 2.5g/L Sensient 

Amberferm 6400, 2.5g/L Sensient Tastone 154, 2g/L Diammonium Phosphate, 1mL/L 

Trace Metals Mixture (Teknova 1000x Trace Metals Mixture Cat. No. Tl001), lg/L 

Magnesium Sulfate, 0.25mL 0. lM solution Ferric Chloride, 0.5rnL/L Sigma Anti-frmm 

10 204, lmL/L Kanamycin Sulfate lO00x solution. 250rnL of rnedia was used in a (4)-lL 

baffeled shakeflasks, innoculated with 0.25mL each from a single vial of glycerol stock 

culture. Shakeflasks vvere grown for 5.5 hours, with 250RPM agitation at 37°C. 40L of 

seed media was steam-sterlized in a lO0L bioreactor, cooled to 37°C, pH-adjusted to 7.0 

and innoculated with 800mL of shakeflask culture once a shakeflask OD of2.5 was 

15 achieved. Aeration to the bioreactor was supplied at 40L/m and agitation was 250RPM. 

After 2.2 hours of growth, an OD of 2020 was reached and 22L of culture was transfi.~n-ed 

to the final 4m3 bioreactor._The starting media for the final bioreactor comprised of the 

foHowing coffiponents stearned-in-place: 1775L deionised water, 21.75kg 

Monopotassium Phosphate, 2.175kg Diammonium Phosphate, 4.35kg Ammonium Ferric 

20 Citrate, 8.7kg Ammonium Sulfate, 10.875kg Sensient Amberform 6400, 10.875kg 

Sensient Tastone 154. After 30 minutes of steaming, the media components were cooied 

to 37°C and post-ste1ilzation additions were made: 2.145L of0.lM Fen-ic Chloride 

solution, 59.32kg 55°,,;)w/w Glucose Monohydrate, 3.9L of Trace Iv1etals Mixture 

(Teknova lO00x Trace Metals Mixture Cat. No.T1001), 10.88L of 200g/L Diammonium 

25 Phosphate, 36.14L 1 J\tl Magnesium Sulfate, and 2. l 75L Sigma Anti-foam 204, 2. l 75L 

Kanamycin Sulfate l000x solution. pH was controiled at 7.0 via the addition of 30% 

Arnmonium Hydroxide" Aeration was supplied at 2. l 75rn3 /min, dissolved oxygen 1,v;:1s 

controiled at 25fVi; by varying agitation between 60-150RPM. At two timepoints (EFT=4 

and EFT8), bolus additions of additional nutrients were supplied. Each addition added 

30 5.5kg of Sensient Arnberforrn 6400, 5.5kg of Sensient Tastone 154 and 4.4kg of 
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Diammonium Phosphate, in autoclaved solutions (l 00g/L solution for .Amberferrn and 

Tastetone, 200g/L fi_)r Diammonimn Phosphate} A sterile glucose solution of 55?.-~w/w 

Glucose Monohydrate \Vas fed into the bjoreactor to maintain a level of residuduai 

glucose of2-5g/L Once an OD of 25 was reached, the temperature was reduced to 25°C 

5 and the culture was induced with 0.648L of 1 M lsopropyl f3-D-l-thiogalactopyranoside. 

The culture was allowed to grov/ for a total time of 25 hours, at which point the culture 

\Vas diluted 1: 1 V,lith deionized \vater, then centrifuged, concentrating the centrate to 

50%v/v solids content. Cell centrate was frozen at -20°C. Centrate was thawed to 4°C and 

diluted in 20 mM potassium phosphate pEl 7.8, 100 mM NaCl, 10 mM irnidazo]e, and 

10 homogenized at 15,000 PSI. Homogenized cells were 0.2 um filtered by tangential flmv 

filtration (TFF) and filtered lysate vvas loaded directly onto a zinc-charged IJ\,1A .. C colmnn 

(GE). Bound protejns were washed with 10 column volumes (CV) 20 rnM potassium 

phosphate pH 7.4, 100 mM NaCl, 5 mM histidine and eluted with 10 CV 500 rruv1 

potassium phosphate rnonohasic, 100 rnM NaCl. Eluted legbemoglobin was concentrated 

15 and diafiltered using a 3kDa molecular "\Veight cutoff PES membrane and TFF. The 

concentrated sample was reduced with 20 rnM sodium dithionite and desalted using G-20 

resin (GE). Desalted Ieghemoglohin samples were frozen in liquid nitrogen and stored at 

-20 C. Leghemoglobin concentration and purity were determined by SDS-PAGE and 

UV-vis analysis. 

20 (xi) Oleosin. Sunflower oil bodies were purified from sunflower seeds. Sunflower 

seeds were blended in 100 mM sodium phosphate buffer pH 7 .4, 50mM sodium chloride, 

1 mM EDTA at 1 :3 wt/v. Oil-bodies were collected by centrifugation (5000g, 20min), 

and resuspended at 1 :5 (wt/v) in 50 mM sodium chloride, 2M urea and stir for 30min, 

4°C. 2M urea wash and centrifugation steps were repeated. Oil-bodies collected by 

25 centrifugation were resuspended in 100 mM sodium phosphate buffer pH 7 .4, 50mM 

sodium chloride. Centrifugation and washing steps were repeated once more, and the 

final washed oil-bodies fraction was obtained from a last centrifugation step. Oil-bodies 

were resuspended at 10% "1/w in 100 mM sodium phosphate buffer pH 7.4, 50mM 

sodium chloride, 2% wt/v vegetable oil fatty acid salts, homogenized at 5000 psi and 

30 incubated at 4°C for 12 hr. Solution was centrifuged (8000g, 30min), top layer removed 
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and soluble fraction collected. SDS-PAGE analysis suggested that oleosins are a major 

protein present in the soluble fraction. Oleosin concentration was 2.8 mg/ml. 

(xii) Pea total proteins: Dry green or yellow pea flour was used to extract total pea 

proteins. The flour was suspended in 10 volumes of 20rnM potassium phosphate buffer 

5 pH 8 and 100 rnM sodium chloride and stirred for 1hr. Soluble protein was separated 

from pea seed debris by centrifugation. The supernatant was collected and filtered 

through a 0.2 micron membrane and concentrated using a 10 Kda cutoff PES membrane. 

(xiii) Pea vicilin and Pea legumin: Dry green or yellow pea flour was used to 

extract total pea proteins as described above. The crude pea mixture obtained thereof was 

10 fractionated into pea vicilin and pea legumin using ion-exchange chromatography. 

Material was loaded on Q Sepharose FastFlow resin and fractions were collected as salt 

concentration was varied from 100 rnM to 500 mM NaCl. Pea vicilin was collected at 

350 rnM sodium chloride while pea legumin was collected at 460 rnM sodium chloride. 

The collected fractions were concentrated using a 10 KDa cutoff PES membrane. 

15 (xv) Lentil total proteins: Air classified lentil flour was used to extract crude 

mixture of lentil proteins. Flour was suspended in 5 volumes of 20 mM potassium 

phosphate buffer pH 7.4 and 0.5 M sodium chloride and stirred for 1 hr. Soluble protein 

was separated from un-extracted protein and lentil seed debris by centrifugation (8000 g, 

20 minutes). The supernatant was collected and filtered through a 0.2 micron membrane 

20 and concentrated using a 10 KDa cutoff PES membrane. 

(xvi) Lentil albumins: Air classified lentil flour was suspended in 5 volumes of 50 

mM sodium chloride, pH 3 .8 and stirred for 1 hr. Soluble protein was separated from un­

extracted protein and lentil seed debris by centrifugation (8000 g, 20 minutes ). The 

supernatant was collected and filtered through a 0.2 micron membrane and concentrated 

25 using a 10 KDa cutoff PES membrane. 

(xvii) Chickpea/ Garbanzo bean total proteins: Garbanzo bean flour was 

suspended in 5 volumes of 20 rnM potassium phosphate buffer pH 7.4 and 0.5 M sodium 

chloride and stirred for 1 hr. Soluble protein was separated from un-extracted protein and 

chickpea seed debris by centrifugation (8000 g, 20 minutes). The supernatant was 
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collected and filtered through a 0.2 micron membrane and concentrated using a 10 KDa 

cutoff PES membrane. 

(xviii) Chickpea/ Garbanzo bean albumins: Garbanzo bean flour was suspended in 

5 volumes of 50 mM sodium chloride, pH 3.8 and stirred for 1 hr. Soluble protein was 

5 separated from un-extracted protein and lentil seed debris by centrifugation (8000 g, 20 

minutes). The supernatant was collected and filtered through a 0.2 micron membrane 

and concentrated using a 10 KDa cutoff PES membrane. 

(xix) Amaranth flour dehydrins: Amaranth flour was suspended in 5 volumes of 

0.5 M sodium chloride, pH 4.0 and stirred for 1 hr. Soluble protein was separated from 

10 un-extracted protein and lentil seed debris by centrifugation (8000 g, 20 minutes ). The 

supernatant was collected and filtered through a 0.2 micron membrane and concentrated 

using a 3 KDa cutoff PES membrane. Further enrichment of dehydrins from this fraction 

was obtained by boiling the concentrated protein material, spinning at 8000 g for 10 

minutes and collecting the supernatant. 

15 

EXAMPLE 2: CONSTRUCTING A MUSCLE TISSUE ANALOG 

To prepare a muscle tissue replica, 8 ml of moong bean protein solution (114 

mg/ml in 20 mM phosphate buffer (pH 7.4) and 400 mM sodium chloride) were mixed 

with 16 ml of leghemoglobin solution (6 mg/ml leghemoglobin in 20 mM potassium 

20 phosphate, 400 mM NaCl, pH 7.3). The resulting mixture was concentrated using 

Amicon spin concentrators (10 kDa cut-off) to a final concentration of moong bean 8S 

globulin 61 mg/ml. and ofleghemoglobin 6.5 mg/ml. Approximately 400 mg of 

transglutaminase powder were added to the solution, which were thoroughly mixed, and 

divided into two 50 ml Falcon tubes and incubated overnight at room temperature. Final 

25 total protein concentrations was 67.5 mg/ml total protein. The muscle tissue replica 

formed an opaque gel of reddish-brown color, with small amounts ( < 1 ml) of inclusions 

of dark red, venous blood colored liquid. 

EXAMPLE 3: INCREASED TENSILE STRENGTH ADIPOSE TISSUE 

30 REPLICA 
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A 40 ml aliquot of rice bran oil and a 40 ml aliquot of moong bean protein (114 

mg/ml) were combined in a 250ml Pyrex beaker. The beaker was placed in a water bath 

and emulsified using a Branson Sonifer 450 sonicator with a 12mm tip for a 6 minute, 

60% duty cycle at power level 5. 

In an 18cm x 18cm x 2.5cm synthetic rubber Ikea plastic ice cube tray, 48 mg of 

electrospun fibers (from connective tissue Example 14) were laid longitudinally and as 

homogenously as possible across the bottom of one triangular 13.97cm x 1.27cm x 

1.5875cm mold. Approximately 20 ml of the rice bran oil/moong bean protein emulsions 

then were poured on top of the fibers. An additional 20 ml of the emulsions were then 

10 poured into a similarly sized blank mold on the same tray to be used as a control. 

The ice cube tray was floated in boiling water for 15 minutes, removed, and 

cooled to room temperature. 

Using a razor blade, each of the resulting gels was cut into 3 segments, each 

4.66cm long with a cross-sectional area of lcm2
• A Stable Micro Systems TA 

15 XTExpress Enhanced texture analyser with attached TA-96B probe was used to assess 

the tensile strength. The fiber containing the fat replica had a tensile strength of 23 kPa, 

whereas the fat replica with no fibers had a tensile strength of 20 kPa. 

20 

25 

EXAMPLE 4 HIGH PERCENTAGE FAT ADIPOSE-REPLICA 

An adipose tissue replica comprising a protein-oil emulsification formed with 

3.3% wt/v pea globulin, 70% v/v oil that consisted of an equal mixture of coconut, cocoa, 

olive, and palm oils, and 0.5% wt/v lecitin, was cross-linked with a 2% transglutaminase 

(Ajinomoto Activa® TI). After draining and dehydrating, the resulting gel was medium 

soft and the fat content was confirmed to be 75% (wt/wt). 

An adiose tissue matrix comprising a protein-oil emulsification was formed with 

1.6 % "Wilv Rubisco and 80% v/v cocoa butter. The resulting gel was soft. 

EXAMPLE 5: METHOD OF PREPARING ADIPOSE TISSUE REPLICAS 

Oils are melted if necessary by warming to room temperature or gently heated. If 

30 the oils are solid at room temperature, they are kept near the melting point during the rest 
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of the procedure. Proteins are obtained per specified protocols (see Example 1 ). Lecithin 

is weighed and resuspended in water, then sonicated to create a homogenous solution. 

Components are combined at specified ratios and brought to volume with buffer if 

necessary (20 mM sodium phosphate pH 7.4 with 50 mM sodium chloride) then are 

5 subjected to homogenization or sonication to control particle size within an emulsion. 

Afterwards, emulsions are gelled by either: (a) heating/cooling, (b) cross-linking with a 

transglutaminase enzyme or (c) heating/cooling followed by addition of a 

transglutaminase enzyme. Control samples (no heating/cooling nor transglutaminase 

cross-linking treatments) were prepared for comparisons. Emulsions stabilized by 

10 heating/cooling treatment are prepared by placing emulsion in 90-100°C water bath for 

five minutes, then letting samples slowly cool to room temperature. Emulsions stabilized 

by transglutaminase cross-linking are prepared by adding transglutaminase to 2% wt/v 

and incubating at 37°C for 12-18hr. Emulsions stabilized by heating/cooling followed by 

addition oftransglutaminase enzyme were prepared by first undergoing the heat/cool 

15 protocol, then adding the enzyme once the samples cooled to room temperature. All 

emulsifications are incubated for 8-12 hours at 37°C. 

EXAMPLE 6: METHOD TO ANALYZE ADIPOSE TISSUE REPLICAS 

After different gelling treatments, gelled emulsions are moved to room 

20 temperature for evaluation. The total volume of gelled emulsions, and volumes of phase 

separated water and/or oil volumes (if gelled emulsions are not in a single phase) are 

recorded. Firmness of the adipose tissue replica is evaluated by gentle poking of gelled 

emulsions. Cooking experiments are performed by transferring the mass to a heated 

surface and measuring the temperature of the liquid immediately after cooking. 

25 

EXAMPLE 7: ADIPOSE REPLICA OF BEEF FAT 

An adipose tissue replica was made by gelling a solution of purified moong bean 

8S protein emulsified with equal amounts of cocoa butter, coconut butter, olive oil and 

palm oil. Moong bean 8S protein was purified as described in Example 1, and had a 

30 concentration of 140 mg/ml in 20mM K-phosphate pH 7.4, 400mM NaCl. A fat mixture 
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was prepared by melting individual fats from solid to liquid state at 45°C for 30 min. 

Individual fats ( cocoa butter, coconut butter, olive oil and palm oil) in liquid states were 

then mixed at a 1: 1: 1: 1 (v/v) ratio. A protein-fat emulsion was formed by mixing a 70% 

v/v liquid fat mixture with 4.2% wt/v moong bean 8S protein, 0.4% wt/v soybean lecithin 

5 and emulsified by vortexing for 30 sec followed by sonication for 1 min. After 

homogenization, the fat-protein emulsion was in a single liquid phase as judged by visual 

observation. 

One adipose tissue replica emulsion was stabilized by cross-linking with 0.2% 

wt/v transglutaminase enzyme at 37°C for 12hr. Another fat tissue replica was stabilized 

10 by gelling of proteins by heating to 100°C in a water bath followed by cooling to ambient 

room temperature. The resulting adipose tissue replicas were in a single phase. The 

adipose tissue replica matrix formed by the transglutaminase was a softer solid than the 

adipose tissue replica matrix formed by heat/cool induced gelling. 

15 EXAMPLE 8: AN ADIPOSE REPLICA OF WAGYU BEEF FAT 

An adipose tissue replica was made by gelling an emulsion of purified pea 

globulin proteins and equal amounts of cocoa butter, coconut butter, olive oil and palm 

oil. Pea globulin proteins were purified as described in Example 1 and had a 

concentration of 100 mg/ml, in 20mM K-phosphate pH 8, 400mM NaCl. A fat mixture 

20 was prepared by melting individual fats from solid to a liquid state at 45°C for 30 min. 

Individual fats ( cocoa butter, mango butter, olive oil) in liquid state where then mixed at 

2:1:1 (olive oil: cocoa butter: mango butter) v/v ratio. A protein-fat emulsion was formed 

by mixing a liquid fat mixture with a 5% wt/v solution of pea globulins in a 1: 1 ration, 

and emulsifying using a hand-held homogenizer at the maximum setting for 30sec. After 

25 homogenization, the fat-protein emulsion was in a single liquid phase as judged by visual 

observation. Emulsion was stabilized by cross-linking with 0.2% \vi/v transglutaminase 

enzyme at 37°C for 12hr. The resulting adipose tissue replica was in a single phase, was 

a soft solid and was salty in flavor. 
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EXAMPLE 9: ADIPOSE TISSUE REPLICA WITH FATTY ACID 

DISTRIBUTION OF BEEF: 

An adipose tissue replica was made by gelling an emulsion of purified pea 

globulin proteins and equal amounts of cocoa butter, mango butter, olive oil and rice bran 

5 oil. Pea globulin proteins were purified as described in Example 1, and had a 

concentration of lO0mg/ml, in 20mM K-phosphate pH 8, 400mM NaCl. A fat mixture 

was prepared by melting individual fats from solid to liquid state at 45°C for 30min. 

Individual fats ( cocoa butter, mango butter, olive oil and rice bran oil) in a liquid state 

where then mixed at 1: 1: 1: 1 v/v ratio. A protein-fat emulsion was formed by mixing 

10 50% v/v liquid fat mixture with 5% wt/v Pea globulins, and emulsifying using a hand­

held homogenizer at the maximum setting for 30sec. After homogenization, the fat­

protein emulsion was in a single liquid phase as judged by visual observation. The 

emulsion was stabilized by cross-linking with 0.2% wt/v transglutaminase enzyme at 

37°C for 12hr. The resulting adipose tissue replica was in a single phase, was a soft solid 

15 and was salty in flavor. 

EXAMPLE 10: ADIPOSE TISSUE REPLICA WHERE FIRMNESS OF FAT 

TISSUE AT REFRIGERATION AND AMBIENT TEMPERATURES IS 

CONTROLLED BY MELTING TEMPERATURE OF FAT IN ADIPOSE TISSUE 

20 REPLICA. 

A adipose tissue replica made as a stable emulsion of RuBisCo with sunflower oil 

is softer than a adipose tissue replica made as a stable emulsion ofRuBisCo and cocoa 

butter. Adipose tissue replicas were formed with 0.18%, 1.6%, and 2.4% wt/v Rubisco 

with 70%, 80%, and 90% v/v sunflower or cocoa butters. Each adipose tissue replica that 

25 contained cocoa butter was firmer than the corresponding replicas that were formed with 

sunflower oil. Adipose tissue replicas comprising 0.18%, 1.6%, and 2.4% wt/v Rubisco 

with 70%, 80%, and 90% v/v cocoa butter were solid at room temperature but melted at 

close to mouth temperature. In the adipose tissue replicas formed with varying 

concentrations ofRubisco (0.18, 1.6 1.9 % \\1/v) and 70-80% v/v sunflower oil, the 

30 replicas were firmer as the amount of protein in the adipose tissue replica matrix 
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increased. Adipose tissue replicas with 0.18% \\71/v Rubisco were very soft; adipose 

tissue replicas with 1.6% \\71/v Rubisco were soft; and adipose tissue replicas with 1.9% 

\\71/v RuBisco were of medium firmness. 

Adipose tissue replicas made as a stable emulsion ofMoong Bean 8S protein with 

5 sunflower oil were softer than adipose tissue replicas made as a stable emulsion of 

Moong Bean 8S protein and cocoa butter. Adipose tissue replicas were formed with 2%, 

1 %, and 0.5% \\71/v Moong Bean 8S protein with 70%, 80%, and 90% v/v sunflower or 

cocoa butters. Each adipose tissue replica that contained cocoa butter was firmer than the 

corresponding replica that was formed with sunflower oil. 

10 Adipose tissue replicas made as stable emulsions ofMoong Bean 8S protein with 

canola oil were softer than the corresponding adipose tissue replicas made as stable 

emulsions of Moong Bean 8S protein with an equal mixture of coconut, cocoa, olive, and 

palm oils. Adipose tissue replicas were formed with 1.4% \\71/v Moong Bean 8S protein 

with 50%, 70%, and 90% v/v sunflower or mixture of oils. Each adipose tissue replica 

15 that contained a mixture of oils was firmer than the corresponding replica that was 

formed with sunflower oil. A adipose tissue replica comprising I .4% \\71/v Moong Bean 

8S protein with 50%, 70%, and 90% v/v of an equal mixture of coconut, cocoa, olive, and 

palm oil was solid at room temperature but melted at close to mouth temperature. 

Adipose tissue replica made as a stable emulsion of soy proteins with sunflower 

20 oil was softer than the adipose tissue replica made as stable emulsion of soy proteins and 

cocoa butter. Adipose tissue replicas were formed with 0.6%, 1.6%, and 2.6% \\71/v Soy 

with 50%, 70%, 80%, and 90% v/v sunflower or mixture of oils. Each adipose tissue 

replica that contained mixture of oils was firmer than the corresponding replica that was 

formed with sunflower oil. Adipose tissue replicas comprising 0.6%, 1.6%, and 2.6% 

25 \\71/v soy proteins with 50%, 70%, 80%, and 90% v/v cocoa butter were solid at room 

temperature but melted at close to mouth temperature. 

EXAMPLE 11: ADIPOSE TISSUE REPLICA COOKING: STRUCTURE OF FAT 

TISSUE MATRIX CONTROLS MELTING POINT DURING COOKING. 

30 An adipose tissue comprising a stabilized protein-oil emulsion constructed as described 
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in Example 5 and Example 6 above, formed with 2% w/v Rubisco and 50%, 70%, and 

90% v/v cocoa butter, melted at a higher temperature when formed upon heat/cool 

denaturation and at a lower temperature than when formed by cross-linking with a 

transglutaminase. 

EXAMPLE 12: COOKING ADIPOSE TISSUE: ARRANGEMENT AND 

STRUCTURAL ORGANIZATION OF PROTEINS AND FAT WITHIN A FAT 

TISSUE MATRIX CONTROLS AMOUNT OF FAT RELEASED AND FAT 

RETAINED BY THE ADIPOSE TISSUE REPLICA DURING COOKING. 

During cooking of a adipose tissue replica matrix comprising a protein-oil 

emulsion formed with 2% w/v Rubisco and 50%, 70%, or 90% v/v cocoa butter, more 

adipose tissue replica mass was retained after cooking when the adipose tissue replica 

was formed upon heat/cool denaturation than when formed by cross-linking with a 

transglutaminase. Released mass was liquid and appeared oily. 

During cooking of adipose tissue replica matrix comprising a protein-oil emulsion 

formed with 2.6 and 0.6 % w/v Soybean protein and 50%, 70%, or 90% v/v cocoa butter, 

more adipose tissue replica mass was retained when formed upon heat/cool denaturation 

than when formed by cross-linking with transglutaminase. Released mass was liquid and 

appeared oily. 

EXAMPLE 13: COOKING AN ADIPOSE TISSUE REPLICA: 

CONCENTRATION OF PARTICULAR PROTEINS WITHIN FAT TISSUE 

MATRIX CONTROLS MASS OF ADIPOSE TISSUE REPLICA THAT 

REMAINS AFTER COOKING 

A series of adipose tissue replicas constructed from 1 .4% ,vt/v moong bean 8S 

protein with 90% v/v canola oil and 0.45% \vi/v soybean lecithin, were homogenized and 

increasing concentration of sunflower oleosins were added at varying concentrations to 

the emulsion. The concentration of oleosin varied from 1: 10 to 1: 106 oleosin to 

triglyceride molar ratio. An increase in mass retention after cooking was observed when 

30 the ratio of oleosins to oil in adipose tissue replica was greater. 
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A series of adipose tissue replicas formed with varying concentrations of Rubisco 

with 70% v/v sunflower oil, retained more mass upon cooking as the concentration of 

Rubisco increased. Adipose tissue replicas containing RuBisCo at 0% wt/v completely 

melted, while 1.9% wt/v Rubisco retained 10% mass, and adipose tissue replica 

5 containing 2.4% wt/v Rubisco retained 20% mass upon cooking 

EXAMPLE 14: CONNECTIVE TISSUE ANALOG 

Connective tissue fiber replicas were manufactured by electrospinning a solution 

of moong bean globulin (22.5 mg/ml) containing 400 mM sodium chloride, 6.75% w/v of 

10 poly(vinyl alcohol) and trace amounts of sodium azide (0.007% w/v). The resulting 

solution was pumped at 3 µ1/min using a syringe pump, from a 5 ml syringe through a 

Teflon tube and a blunted 21gauge needle. The needle was connected to a positive 

terminal of a Spellman CZE 30 kV high voltage supply set at 17kV and fixed 12 cm from 

a an aluminum drum (ca. 12 cm long, 5 cm in diameter) that was wrapped in aluminum 

15 foil. The drum was attached to a spindle that is rotated by an IKA RW20 motor at about 

220 rpm. The spindle was connected to a ground terminal of the high voltage supply. The 

protein/polymer fibers that accumulated on the foil were scraped off and used as the 

connective tissue replicas. 

20 EXAMPLE 15: EXTENDING THE LIFETIME OF REDUCED (HEME-FE2+) 

LEGHEMOGLOBIN 

Equine myoglobin was purchased from Sigma. Myoglobin was resuspended at 10 

mg/ml in 20 mM potassium phosphate, pH 8.0, 100 mM NaCl. SDS-P AGE analysis 

suggested that protein purity was~ 90%. 

25 Soy leghemoglobin was purified from Glycine max root nodules via ammonium 

sulfate precipitation ( 60%/90% fractionation) as detailed in Example 1. Resuspended 

90% ammonium sulfate leghemoglobin was further purified by anion-exchange 

chromatography (HiTrap Q FF 5mL FPLC column) in 20 mM potassium phosphate, pH 

8.0, 100 mM NaCl. The leghemoglobin eluted in flow through fractions. SDS-PAGE 

30 analysis suggested that protein purity was ~ 70%. Leghemoglobin was buffer exchanged 
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into 20 mM potassium phosphate, pH 7.4, 100 mM NaCl and concentrated to 10 mg/ml 

on 3.5kDa membrane concentrators. 

Carbon monoxide treatment: Myoglobin at 10 mg/ml in 20 mM potassium 

phosphate, pH 8.0, 100 mM NaCl and leghemoglobin at 10 mg/ml in 20 mM potassium 

5 phosphate, pH 7.4, 100 mM NaCl were first degassed under vacuum for 1 hour at 4°C 

then perfused with carbon monoxide gas for 2 minutes. Globins were then reduced from 

heme-Fe3
+ to heme-Fe2

+ state by adding 10 mM sodium dithionite, 0.lmM sodium 

hydroxide for 2 minutes. Sodium dithionite and sodium hydroxide were removed from 

the protein solution by using size-exclusion chromatography (PD-10 desalting column) in 

10 20 mM potassium phosphate, pH 8.0, 100 mM NaCl and 20 mM potassium phosphate, 

pH 7.4, 100 mM NaCl respectively. Globins fractions were collected as a peak red 

colored fractions as evaluated by visual estimation. UV -VIS spectra confirmed the 

presence of heme-F e2
+ state for both proteins. After desalting, the solution was again 

perfused with gas for another 2 minutes. The color of the solutions was evaluated by 

15 taking UV-Vis spectra (250nm- 700nm) every 20 minutes using the nanodrop 

spectrophotometer. Control samples were not treated with carbon monoxide. 

Sodium nitrite treatment: Myoglobin at 10 mg/ml in 20 mM potassium phosphate, 

pH 8.0, 100 mM NaCl and leghemoglobin at 10 mg/ml in 20 mM potassium phosphate, 

pH 7.4, lO0mM NaCl were reduced from heme-Fe3
+ to heme -Fe2

+ by adding 10 mM 

20 sodium dithionite, 0.lmM sodium hydroxide for 2 minutes. Sodium dithionite and 

sodium hydroxide were removed from the protein solution by using size-exclusion 

chromatography (PD-10 desalting column) in 20 mM potassium phosphate, pH 8.0, 100 

mM NaCl and 20 mM potassium phosphate, pH 7.4, 100 mM NaCl, respectively. 

Globins fractions were collected as peak red colored fractions as evaluated by visual 

25 estimation. UV-VIS spectra confirmed the presence ofheme-Fe2
+ state for both proteins. 

Sodium nitrite was then added to a final concentration of 1 mM from 100 mM nitrite in 

phosphate buffer pH 7.4. The lifetime ofheme-Fe2
+ state was followed by recording UV­

VIS spectra (250-700nm) using spectrophotometer as a function of time. Control 

samples were not treated with sodium nitrite. 
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Data analysis of heme-Fe2+ life-times for myoglobin and leghemoglobin samples 

treated with carbon monoxide and sodium nitrite was performed in Microsoft Excel by 

plotting the amplitude of the absorbance peak at the 540nm wavelength. The "baseline" 

of the 540 nm absorbance was determined by the state of the UV-vis spectrum of the 

5 globin solutions prior to the addition of any additives, dithionite reduction, or desalting. 

The built-in curve fit function was used to produce an exponential line-of-best-fit, the 

exponent of which directly relates to the half life of the peak amplitude. 

The life-time of the heme-Fe2c- state and accompanying red color of myoglobin 

and leghemoglobin solutions in the absence of carbon monoxide and sodium nitrite were 

10 ~ 6hr and~ 4hr respectively. Addition of sodium nitrite extended the life-time of the 

heme-Fe2
-'- state and accompanying red color to more than seven days. Addition of 

carbon monoxide extended the life-time ofheme-Fe2+ state and accompanying red color 

to more than two weeks. 

15 EXAMPLE 16: PREPARATION OF MEAT REPLICAS IN WHICH THE 

PARTICLE SIZE OF INDIVIDUAL TISSUE REPLICA UNITS IS VARIED TO 

CONTROL AROMA GENERATION DURING COOKING. 

Muscle tissue replica and adipose tissue replica were prepared separately and then 

combined into a meat tissue replica such that the size of individual tissue replica units 

20 was varied to control aroma generation during cooking. Individual fat, muscle and 

connective tissue replicas were constructed in the following manner. 

A muscle tissue replica was prepared as in Example 2. The muscle tissue replica 

formed an opaque gel of reddish-brown color, with small amounts ( < 1 ml) of inclusions 

of dark red, venous blood colored liquid. A connective tissue replica was prepared as in 

25 Example 14. An adipose tissue replica was prepared as in Example 7. 

Meat replicas with a lean-to-fat ratio 85/15 were prepared by combining 

individual muscle, connective and adipose tissues such that particle size of individual 

tissues replicas varied. ( a) 2.1 g of muscle replica with 0.9 g of chunks of fat replica 5-10 

mm in size ("coarse mix"); (b) 2.1 g of muscle replica with 0.9 g of fat replica chopped to 

30 2-3 mm in size ("fine mix"); and (c) 2.1 g of muscle replica with 0.9 g of fat replica 
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thoroughly blended to <l mm in size ("blend"). "Muscle only" control sample contained 

3 g of muscle replica alone. "Fat only" control sample contained 3 g of fat replica alone 

as 5-10 mm sized particle. Meat, muscle and fat tissue samples were cooked in sealed 

glass vials at 150°C for 10 min. Aroma profiles of the samples were analyzed by a panel 

5 of testers, and by GC-MS. 

Sensory olfactory analysis of meat replica samples performed by a panel of 

testers, suggested that the size of individual tissue units and the extent of their mixing 

within meat tissue replicas correlated with generation of different aromas. Muscle tissue 

replica cooked by itself generated aromas associated with store-bought gravy, faint citrus 

10 and star anise. Adipose tissue replica cooked by itself generated aromas associated with 

musty, rancid and sweet aromas. Cooked meat tissue replica ( coarse particle size) 

generated aromas of store-bought gravy, sweet, slightly musty and star-anise. Cooked 

meat tissue replica (fine particle size) generated aromas associated with soy sauce, musty, 

slightly rancid and beef bouillon. Cooked meat tissue replica (very fine particle size) 

15 generated aromas associated with sweet, musty and soy-sauce. All samples with the 

exception of adipose tissue replica generated aromas associated with burnt meat smell, 

however to varying intensities. 

Analysis of GCMS data indicated that the size of individual tissue units and the 

extent of their mixing within meat tissue replicas had profound effects on the generation 

20 of aromatic compounds upon cooking. In pmticular, multiple aromatic compounds 

associated with fruity/grean bean/metallic (2-pentyl-furan); nutty/green (4-

methylthiazole); peanut butter/musty (pyrazine, ethyl); raw potato/roasted/earthy 

(Pyrazine, 2,3-dimethyl); vinegary (acetic acid); spicy/caramel/almond (5-methyl-2-

furancarboxaldehyde ); creamy (butyrolactone ); sweet (2,5-dimethyl-3-(3-methyl butyl) 

25 pyrazine); fruity/stale beer (2-cyclopentene-1-one, 2-hydroxy-3-methyl); 

musty/nutty/coumarin/licorice/walnut/bread (3-acetyl-lH-pyrolline); 

coconut/woody/sweet (pantolactone); penetrating (1-H-pyrrole-2-2carboxaldehyde, 1-

methyl); minty ( caprolactam); toasty caramel ( 4H-pyran-4-one, 2,3-dihydro-3,5-

dihydroxy-6-methyl) aromas appeared only in mixed meat replicas, but not in individual 

30 tissue replicas. Some other aromatic compounds, for example associated with gasoline-
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like (nonane, 2,6-dimethyl), petroleum-like (3-hexene, 3-methyl); sour/putrid/fish-like 

(pyridine); bland/woody/yogurt (acetoin); fatty/honey/citrus (octanal); 

pungent/sweet/caramelic (2-propanone, I-hydroxy) and nutty/burnt green (ethenyl 

pyrazine) aromas appeared only in individual tissue replicas, but did not accumulate in 

5 mixed meat replicas. Furthermore, the levels to which all of the above compounds 

accumulated during cooking depended on the sizes of tissue units and how they are 

mixed ( coarse particle size, fine particle size, or very fine particle size (blended)). 

Similar to meat tissue replica, it was found that structural organization and 

particle size of beef tissues modify response of beef tissues to cooking. For example, the 

10 flavor of meat is modified by the size of the particles. Beef samples were prepared as 

following: samples of beef muscle and beef fat were cut separately with a knife and: (a) 

"ground", where knife-cut tissue cubes were passed through standard meat grinder. 

80/20 (wt/wt) lean/fat ground beef sample was prepared by mixing muscle and fat tissue 

cubes at appropriate ratio prior to grinding. This sample preparation is referred to as a 

15 "fine size particle mix". (b) Ground tissue particle size was further reduced by freezing 

ground tissue in liquid nitrogen and crushing it using mortar and pestle to a very fine 

powder (particle size <Imm). This sample preparation is referred to as a "very fine size 

particle mix". All samples were cooked in sealed glass vials at 150 °C for 10 min. 

Aroma profiles of the samples were analyzed by a panel of testers, and by GC-MS, as 

20 described in Example 1. "Muscle only" control sample contained 3 g of muscle tissue 

alone. "Fat only" control sample contained 3 g of fat tissue alone. Ground beef sample 

contained 3 g of a 80/20 (wt/wt) muscle/fat mixture. 

Sensory olfactory analysis of beef samples performed by a panel of testers, 

suggested that the size of individual tissue units and the extent of their mixing within the 

25 samples correlated with generation of different aromas. Beef muscle cooked by itself 

generated typical aromas associated with cooked ground beef. Fat tissue replica cooked 

by itself generated slightly sweet aromas, and aromas associated with burnt mushrooms. 

Cooked ground beef with "fine size particle mix" generated typical aromas associated 

with cooked ground beef, with presence of slightly sweet aromas characteristic of cooked 

30 fat. Cooked ground beef with "very fine size particle mix" generated aromas associated 
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with cooked ground beef, but no slightly sweet aroma characteristic of cooked fat was 

detected. 

Analysis of GCMS data indicated that the particle size of the individual tissue 

units has effect on generation of aromatic compounds upon cooking. In particular 

5 generation and/or amount of multiple aromatic compounds by individual tissue samples 

or ground beef sample varied in correlation with particle size of the tissue. Some of the 

aromatic compounds that differed between fine and veiy fine particle size of muscle 

tissue: 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl, 3-Acetyl-lH-pyrolline, 1-

(6-methyl-2-pyrazinyl)-1-ethanone, 2,5-dimethyl-3-(3-methyl butyl) pyrazine, 2-

10 furancarboxyaldehyde, 5-methyl, Acetic acid, Ethenyl pyrazine, Pyrazine, 2,3-dimethyl , 

2-Propanone, I-hydroxy, Octanal, Acetoin, 4-Methylthiazole, Pseudo-2-pentyl-furan, 2-

pentyl-furan. Some of the aromatic compounds that differed between fine and veiy fine 

particle size of fat tissue: triethylene glycol: 4H-Pyran-4-one, 2,3-dihydro-3,5-

dihydroxy-6-methyl, Caprolactam, 1-( 6-methyl-2-pyrazinyl)-1-ethanone, 2-

15 Cyclopentene-1-one, 2-hydroxy-3-methyl, Butyrolactone, 2-furancarboxyaldehyde, 5-

methyl, Ethanone, 1(2 furanyl), Acetic acid, 2-ethyl-5-methyl pyrazine, Pyrazine, 2,3-

dimethyl, Pyrazine, ethyl, Octanal, Acetoin, 4-Methylthiazole, Pseudo-2-pentyl-furan, 

Pyridine, Nonane, 2,6-dimethyl. Some of the aromatic compounds that differed between 

fine and veiy fine particle size of 80/20 muscle/fat sample: 4H-Pyran-4-one, 2,3-

20 dihydro-3,5-dihydroxy-6-methyl, Caprolactam, lH-lPyridine, 3-carbonitrile, 4-ethyl-2-

oxo-2,5, 1-H-Pyrrole-2-2carboxaldehyde, I-methyl, 2-Cyclopentene-1-one, 2-hydroxy-3-

methyl , 2,5-dimethyl-3-(3-methyl butyl) pyrazine, Butyrolactone, 2-

furancarboxyaldehyde, 5-methyl, Ethanone, 1 (2 furanyl), Acetic acid, Ethenyl pyrazine, 

2-ethyl-5-methyl pyrazine, Pyrazine, 2,3-dimethyl; 2-Propanone, I-hydroxy, Octanal, 

25 Acetoin, 2-pentyl-furan. 

EXAMPLE 17: LEGHEMOGLOBIN CONTRIBUTION TO FLAVOR 

Beef flavors and aromas can be created in non beef consumables by addition of 

heme proteins. Ground chicken (90% lean, 10% fat) was strained with cheesecloth and 

30 mixed with recombinant soy leghemoglobin or recombinant bovine myoglobin to a final 
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concentration of 0.5-1.0% wt/wt. The recombinant heme proteins were expressed in E. 

coli and purified by nickel affinity purification as described in Example 1. Prior to being 

mixed with chicken, the heme proteins were reduced with 20 rnM Na Dithionite. Na 

dithionite was removed from the sample with a Zeba desalting column (Thermo 

5 Scientific). Leghemoglobin was desalted into 20 rnM potassium phosphate pH 7.4, 100 

mM NaCl. Myoglobin was desalted into either 20 mM potassium phosphate pH 7.4, 100 

mM NaCl or 20 rnM Na citrate pH 6.0, 100 mM NaCL The reduced heme protein 

samples were divided in two, and half the sample was bubbled with carbon monoxide 

(CO) for 2 minutes. After mixing the heme protein samples with ground chicken, the 

10 mixture was poured into nugget-shaped molds and incubated overnight at 4°C. The 

nuggets were oven baked or pan fried at 165°C until each nugget reached an internal 

temperature of 165°C. A panel of judges tasted nuggets containing chicken alone, 

chicken mixed with buffer, chicken mixed with either leghemoglobin or myoglobin +/­

CO, or beef (90% lean, 10% fat). Judges filled out a survey to evaluate the aroma and 

15 flavor of each nugget. Judges rated the aroma and flavor of each nugget as follows: 1 = 

chicken, 2 = chicken + faint beef, 3 = 50/50 chicken + beef, 4 = beef+ faint chicken, 5 = 

beef. Shown in Table 2 are the average scores received for each nugget. Percentages 

indicate the final concentration of heme protein wt/wt (abbreviations: KP= 20 mM 

potassium phosphate pH 7.4, 100 rnM NaCl buffer. NC= 20 rnM Na citrate pH 6.0, 100 

20 mM NaCl buffer. n/d = not determined). Adding recombinant leghemoglobin or 

myoglobin to chicken resulted in an increased beef aroma and flavor. The perceived 

levels of beef flavor and aroma increased with the myoglobin and leghemoglobin content. 

Leghemoglobin and myoglobin provide the same benefit to the flavor and aroma. 

TABLE2 

Oven Baked Pan Fried 

Aroma Flavor Aroma Flavor 

Chicken 1 1 1 1 

Chicken KP 1 1 2.5 1.2 

Chicken NC 1.5 1.5 1.5 1 

Chicken 0.5% legH KP 1.5 2.5 3.67 3.2 

Chicken 0.5% legH+CO KP 2.5 2.5 2.67 2.2 
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Chicken 0.5% Myo NC 2 2 1.5 2.4 

Chicken 0.5% Myo+CO NC 2 2 2.5 3 

Chicken 0.5% Myo+CO KP 2.5 2.5 2.33 2 

Chicken 0.8% Myo+CO NC 2 3 4 2.6 

Chicken 1% Myo NC 4.5 4 n/d n/d 

Chicken 1 % legH NC 4 4 n/d n/d 

Beef 5 5 5 5 

EXAMPLE 18: PREPARATION OF A NON-DAIRY CREAM LIQUOR 

A cream liquor was made from a sunflower cream fraction, RuBsiCo and whiskey 

(Jameson). A sunflower cream fraction was made by blending sunflower seeds in 40 mM 

5 sodium phosphate pH 8.0, 400 mM sodium chloride buffer. Seed debris was pelleted by 

centrifugation at 5000g for 20 min, and the cream fraction collected. The cream fraction 

was resuspended in 10 mM potassium phosphate pH 7.4 buffer and collected by 

centrifugation at 5000g, 20 min. Rubsico was purified as described in Example 1 and 

used as 25mg/ml stock solution in 20mM K-phosphate pH 7.0, 150mM NaCl. 

10 In one example, cream liquor was made as follows: 11.4% wt/v of sunflower 

cream fraction, 40% v/v Jameson whiskey, 0.4-1.6% wt/v Rubsico, 0.5% wt/v vanilla 

extract, 0.5% v/v espresso coffee, and 1.5% wt/v chocolate powder. The resulting 

mixture was homogenized at 5000 psi. 

In another example, cream liquor was made from sunflower cream fraction and 

15 whiskey (Jameson) and sugar: 11.4% wt/v of sunflower cream fraction, 40% v/v Jameson 

whiskey, 0.5% v/v vanilla extract, 0.5% v/v espresso coffee, 1.5% wt/v chocolate powder 

and 8% wt/v sugar. 

Beverages were served either at ambient room temperature or chilled. Resulting 

beverages were beige to light chocolate in color. The tasting results suggested that the 

20 beverage had a very creamy alcoholic flavor similar to dairy cream liquor. Chilled 

product was preferred. The emulsion was stable at room temperature for at least 1 week 

(maximum time tested). 
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EXAMPLE19-CHOCOLATESPREAD 

A chocolate spread was made from 34% (wt/wt) cane sugar, 22 % (wt/wt) cocoa 

powder, 19 % ("'i/v) pistachio cream fraction, and 12 % (v/v) almond milk. Cane sugar 

and cocoa powder (Ghirardelli) were commercially purchased. Almond skim milk was 

5 made in a following manner: Almonds were blanched by immersion into 100°C water 

for 30 sec. Blanched nuts were recovered and cooled by immersion into ice-cold water. 

Almonds were air dried. Almonds were then rehydrated by immersion in 2°C water for 

16hr. Rehydrated almonds were drained, mixed with water at 1 :2 wt/v ratio and blended 

in a Vitamix blender for 5 min. The blended slurry was collected in chilled container and 

10 stirred with a frozen cooling stick to cool. Once the slurry cooled to 10°C, the slurry was 

placed at 2°C for up to 12 hours. Almond skim and cream were separated by 

centrifugation at 7480g for 30min at 4°C. Almond milk separated into 3 layers, a dense 

pellet of insoluble solids, a clear to translucent aqueous layer (which is referred to as the 

"almond skim milk"), and a lighter, creamy, opaque layer (which is referred to as the 

15 "almond cream"). Almond milk was then was pasteurized at 75°C for 16 seconds, chilled 

and stored at 2°C. 

A pistachio cream fraction was prepared by blending pistachios in 100 mM 

sodium carbonate pH 9.5 buffer with 400 rnM sodium chloride and 1 rnM EDTA, then 

centrifuging 5000xg for 20 min. The cream fraction was collected and washed into the 

20 same buffer once more. After centrifugation at 5000g for 20 min, the cream fraction was 

collected and washed into 20 mM sodium phosphate pH 7.4 buffer with 50 rnM sodium 

chloride and 1 rnM EDTA. After centrifugation at 5000g for 20 min, the cream fraction 

was collected an washed once more in the neutral (pH 7.4) buffer, centrifuged at 5000g 

for 20 min. Pistachio cream fraction was collected and stored at 4°C. 

25 Chocolate spread was made in the following way. Cane sugar was melted in 

almond milk, cocoa powder was added to sugar-milk mixture with stirring and melted. 

Sugar, milk and cocoa were then added to the pistachio cream fraction and whisked 

together. Resulting mixture was then poured into molds and let sit for 24 hours at 

refrigeration and freezer temperatures. 
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In another example, chocolate spread was made from 42% (wt/wt) cane sugar, 27 

% (wt/wt) cocoa powder, 31 % (wt/v) sunflower cream fraction, and 23% (v/v) almond 

skim milk. All ingredients and procedures apart from sunflower cream fraction were as 

described above. 

5 The sunflower cream fraction was created from blending sunflower seeds in 5 

times the weight to volume of a solution of 40 mM potassium phosphate pH 8, with 400 

mM NaCl, 1 mM EDTA, then cooled to 20°C, and the slurry was then centrifuged. The 

top cream layer was removed and is blended in the same buffer, followed by heating for 1 

hour at 40°C. The slurry is cooled down to 20°C then centrifuged; the cream layer is 

10 removed and mixed with 5 times the weight to volume of 100 mM sodium carbonate pH 

10 with 400 mM NaCl, then centrifuge. The top layer is then mixed with 5 times the 

weight to volume of water and centrifuged again, the resulting cream fraction is very 

creamy, white, and neutral tasting. 

In another example, a chocolate spread was made from 37% (wi/wt) cane sugar, 

15 23 % (wt/wt) cocoa powder, 13 % (wt/v) sunflower cream fraction, and 7 % (wt/wt) 

cocoa butter, and 20 % v/v almond skim milk. 

In another example, a chocolate spread was made from 37% (wt/wt) cane sugar, 

23 % (wthvt) cocoa powder, 13 % (wt/v) sunflower cream fraction, and 7 % (wthvt) 

coconut oil 20 % v/v almond skim milk. 

20 In another example a chocolate spread was made from 37% (wt/wt) cane sugar, 

23 % (wt/wt) cocoa powder, 13 % (wt/v) sunflower cream fraction, and 7 % (wt/wt) palm 

oil, and 20 % v/v almond skim milk. 

In another example a chocolate spread was made from 1.8% (wt/wt) cane sugar, 

1.13% (wt/wt) cocoa powder, 88 % (wt/v) pistachio cream fraction, and 9 % almond 

25 skim milk, by whisking equal amounts of spread described above and pistachio oil 

bodies. 

In another example, a chocolate spread was made from 8.5 % (wt/wt) cane sugar, 

5 .4 % (wt/wt) cocoa powder, 81 % ( wt/v) sunflower cream fraction, and 4. 6 % ( v /v) 

almond skim milk, by mixing chocolate spread described above with sunflower cream at 

30 ratio 2: 1. 
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Visual and textural inspection of all products suggested that they formed stable, 

solid, creamy spreads at room temperatures. All products were firm solids at refrigeration 

and freezer temperatures. Tasting results of all products suggested very pleasant, rich 

creamy texture with product melting in the mouth reviewed positively by tasters. 

5 Individual tasters preferences varied with respect to like or dislike of pistachio flavor, 

coconut flavor, preference for more or less sweet product and more or less cocoa flavor. 

One particular sample was described as being similar to a milk chocolate spread, as the 

sunflower cream fraction contributed a neutral flavor. 

10 EXAMPLE 20 - Generation of Adipose Tissue Replica 

Adipose tissue replicas were generated using the ingredients recited in Table 3. 

TABLE3 

Adipose Tissue Replica 
Ingredient % 

Coconut oil 65 

Pea vicillin protein in buffer 21.3 

Cocoa butter 10 

Buffer 2.7 

Lecithin slurry, 50 mg/ml 1 

Total 100 
Lecithin (SOLEC™ F Deoiled Soy Lecithin, The Solae Company, St. Louis, MO) 

was prepared at a concentration of 50 mg/ml in 20 mM potassium phosphate, 100 mM 

15 NaCl, pH 8.0 buffer and sonicated (Sonifier Analog Cell Disruptor model 102C, 

BRANSON Ultrasonics Corporation, Danbury, Connecticut) for 30 seconds. 

The pea vicilin protein was supplied as a liquid containing approximately 140 

mg/g pea vicilin in 20 mM potassium phosphate, 100 mM NaCl, pH 8.0 buffer. 

Coconut oil (Shay and Company, Milwaukie, OR) and cocoa butter (Cocoa 

20 Family, Duarte, CA) were melted by heating to 50 - 70°C and then combined and held 

warm until needed. 

The buffered protein solution, additional buffer, and lecithin slurry were mixed in 

a 32 ounce sized metal beaker and equilibrated to room temperature. An emulsion was 

formed using a hand held homogenizer (OMNI model GLH fitted with G20-195ST 
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20mm generator probe, OMNI International, Kennesaw, GA). The homogenizer probe 

was put into the protein lecithin mixture and turned on to speed 4. The warmed oil was 

then added slowly over the course of about 2 minutes while continuously moving the 

probe around in the mixture. 

The emulsion was then heat set by placing the metal beaker into a 95°C 

waterbath. Using a clean spatula, the emulsion was stirred every 20 seconds for 3 

minutes total. The beaker was then removed from the waterbath and stored at 4 °C for 

several hours until thoroughly cooled. 

10 EXAMPLE 21 - Generation of Raw Tissue Replica 

15 

A raw tissue replicawas generated using the ingredients recited in Table 4. 

TABLE 4: 

Raw Tissue Replica 
Ingredient % 

Buffer 41.6 

Heme protein in buffer 26.7 

Pea legumin in buffer, dried 12.1 

Pea vicillin in buffer, dried 9.4 
Flavor precursor mix, 1 7x 6.2 

Transglutaminase preparation 4 

Total 100 

The buffer was 20 mM potassium phosphate, 100 mM NaCl, pH 7.4. The heme 

protein was prepared at a concentration of 55 mg/g in 20 mM potassium phosphate, 100 

mM NaCl, pH 7.4 buffer. The 17x flavor precursor mix precursor is described in 

Example 27. The pea legumin was prepared in 20 mM potassium phosphate, 500 mM 

NaCl, pH 8 buffer and then freeze dried prior to use. The final protein concentration of 

20 the dried material was 746 mg/g. The pea vicilin was prepared in 20 mM potassium 

phosphate, 200mM NaCl, pH 8 buffer and then freeze dried prior to use. The final 

protein concentration of the dried material was 497 mg/g. 
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The liquid ingredients (buffer, heme, and flavor precursor mix) were mixed in a 

plastic beaker. The dry pea legumin and pea vicilin were then added and allowed to fully 

rehydrate while gently stirring for 1 hour at room temperature. The dry transglutaminase 

preparation (ACTIV A® TI, Ajinomoto, Fort Lee, NJ) was then added and stirred for 

5 about 5 minutes until dissolved. The stirring was then turned off and the mixture was 

allowed to gel at room temperature until firm. After the gel had formed the raw tissue 

replicawas stored refrigerated until used. 

EXAMPLE 22 - Hard Connective tissue replica 

10 A hard connective tissue replica was made as following using soy protein isolate 

(Supro Ex38, Solae), wheat gluten (Cargill), and bamboo fiber (Alpha-Fiber B-200, The 

Ingredient House). The purified proteins were freeze-dried and milled using a standard 

coffee grinder. Commercially available powders of soy protein isolate and wheat gluten 

were used as received. 

15 The connective tissue replica contained 49% soy protein isolate, 49% wheat 

gluten and 2% bamboo fiber. The ingredients were thoroughly mixed and loaded into the 

loading tube of the extruder's batch feeder. A twin-screw extruder (Nano 16, Leistritz 

Extrusion Corp.), with a high-pressure water injection pump (Eldex) and custom-made 

die nozzles (stainless steel tube, 3 mm ID, 15 cm length, pressure rating 3000+ PSI) 

20 attached using a Hy-Lok two-ferule tube fitting and a custom-made die with a threaded 

nozzle and 10 mm ID, 20 mm long flow channel was used. 

The dry mixture was fed into the extruder at the rate 1 g/min. Water was fed by 

the pump into the second zone of the extruder's barrel. The rate of water feeding is 

adjusted to the rate of dry mixture feeding such as to provide 55% moisture level in the 

25 final extrudiate. A temperature gradient was maintained along the extruder barrel as 

follows: feed zone - 25°C, zone 1 - 30°C, zone 2 - 60°C, zone 3 - 130°C, zone 4 -

130°C. The die plate was neither actively heated, nor cooled. The die nozzle was actively 

cooled (by applying moist tissue replica) to maintain extrudate temperature below 100°C. 
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Hard connective tissue replica obtained by this process was dark off-white 

("cappuccino") colored material shaped into 3 mm thick filaments that had tensile 

strength similar to animal connective tissue (3 MPa). 

Example 23. Soft Connective tissue replica 

A soft connective tissue replica was made as in Example 22, except that the rate 

of water feeding was adjusted to the rate of dry mixture feeding to provide 60% moisture 

level in the final extrudate. A temperature gradient was maintained along the extruder 

barrel as follows: feed zone - 25°C, zone 1 - 30°C, zone 2 - 60°C, zone 3 - 115°C, zone 

10 4 - 1 l 5°C. The die plate was neither actively heated, nor cooled. The die nozzle was 

actively cooled (by applying moist tissue) to maintain extrudate temperature below 

100°c. 

Soft connective tissue replica obtained by this process was light off-white colored 

material shaped into 3 mm thick filaments that had low tensile strength(< 0.1 MPa) and 

15 had a significant propensity to split longitudinally into bands and thin fibers 

EXAMPLE 24. Thin connective tissue replica (zein fibers) process: 

A thin connective tissue replica was prepared using zein protein powder, glycerol 

(FCC grade), polyethylene glycol (PEG 400 or PEG3350), ethanol, sodium hydroxide 

20 (FCC grade), and water. The zein powder and PEG3350 at a 35% w/w ratio to zein were 

dissolved in 85% aqueous ethanol to reach a final zein concentration of 57% w/w. The 

pH of the solution was adjusted to 7.0 with IM solution of sodium hydroxide in ethanol. 

A syringe pump with A 1-12 ml syringe, spinning nozzle (hypodermic needle, 18-27 

gauge, or a plastic nozzle, 18-24 gauge), heating silicon tape, and a heating fan was used, 

25 with a collector assembled using a computer-controlled motor rotating a Delrin rod, 

which serves as a collector. 

This solution was loaded into the syringe, which was mounted onto the syringe 

pump, with an 18 gauge plastic tip attached. A silicon heating tape was looped around the 

tip to maintain it at elevated temperature. After solution was extruded out of the tip and 

30 forms a drop, it was picked up with a spatula and carefully transferred towards the 
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collector rod to form a filament between the tip and the collector. The extrusion rate was 

optimized to produce even flow of material from the tip (5 ml/h for a 12 ml syringe and 

18 gauge tip). The collector rotation speed was 3 RPM. The heating fan was positioned to 

blow hot air onto the spooling fiber. After spooling, the fibers were cured in a 120°C 

5 oven for 24 hours. 

10 

Thin connective tissue replica obtained by this process was semi-clear yellow 

colored material shaped into 300-micrometer thick fibers that were semi-flexible in air, 

and became very flexible and elastic in presence of water, maintaining high tensile 

strength similar to animal connective tissue (6 MPa) 

EXAMPLE 25. Noodles 

Noodles were prepared using purified pea vicilin (freeze-dried), and soy protein 

isolate (Supro EX38 by Solae, Solbar Q842 (CHS)) or soy protein concentrate (Hisolate, 

Harvest Innovations). To prepare the noodles, 67% soy protein concentrate or isolate, 

15 and 33% ground pea vicilin powder were thoroughly mixed and loaded into the loading 

tube of the extruder's batch feeder. The dry mixture was fed into the extruder at the rate 

in the range of 1-2 g/min. Water was fed by the pump into the second zone of the 

extruder's barrel at the rate 3.6-5.3 ml/min such as to maintain the final moisture content 

in the extrudate at 72.5%. A temperature gradient was maintained along the extruder 

20 barrel as follows: feed zone - 25 °C, zone 1 - 30 °C, zone 2 - 60 °C, zone 3 - 100 °C, 

zone 4 - 100 °C. Zone 1 temperature can be varied in the range of 25 - 45 °C. Zone 2 

temperature can be varied in the range of 45 - 65°C. Zone 3 and 4 temperatures can be 

varied in the range of 95 - 100°C. The die plate was neither actively heated, nor cooled. 

The die nozzle was passively cooled by ambient air ensuring extrudate temperature below 

25 100°c. 

30 

Noodles obtained by this process were light yellow colored material shaped into 

1.5 mm thick filaments that had low tensile strength(< 0.1 MPa) and a moderately sticky 

texture. 

Example 26. Sticky Tissue Replica Preparation 
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Sticky tissue replica was prepared using purified pea vicilin (freeze-dried) and 

purified pea legumin (freeze-dried). To prepare the sticky tissue replica, 50% ground pea 

vicilin powder and 50% ground pea legumin powder were thoroughly mixed and loaded 

into the loading tube of the extruder's batch feeder. The dry mixture was fed into the 

5 extruder at the rate in the range 0.4- 0.8 g/min. Water was fed by the pump into the 

second zone of the extruder's barrel at the rate in the range 1.6 - 3.2 ml/min, such that the 

final moisture content of the extrudate was maintained at 80%. As the total throughput 

increased from 2 g/min to 4 g/min, the screw speed was increased from 100 to 200 RPM. 

Larger die diameters ( 4 mm and above) are also helpful for preventing backflow at higher 

10 throughputs. A temperature gradient was maintained along the extruder barrel as follows: 

feed zone - 25 °C, zone 1 - 30 °C, zone 2 - 60 °C, zone 3 - 90 °C, zone 4 - 90 °C. The 

die plate was neither actively heated, nor cooled. The die nozzle was passively cooled by 

ambient air. The die nozzle is kept free of obstructions by solidifying gel material. 

Sticky tissue replica obtained by this process was semi-transparent water-white 

15 colored material shaped into irregular 1-5 cm sized bulbs that had sticky paste-like 

texture. 

Example 27. Preparation of the flavor precursor mix 

A flavor precursor mix was prepared by mixing concentrated stock solutions of 

20 each additive to make a 17X solution. Table 5 contains the chemical composition of the 

mix and the mM concentration of each component in the final burger. The concentrated 

flavor precursor mix was sterile filtered and adjusted to pH 5.5 - 6.0 using NaOH, and 

used at a IX concentration in burgers. 

25 TABLE 5. 

Chemical composition of the flavor precursor mix. 

Chemical entity mM 
Alanine 5.6 
Arginine 0.6 
Asparagine 0.8 
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Aspartate 0.8 

Cysteine 0.8 
Glutamic acid 3.4 
Glutamine 0.7 
Glycine 1.3 
Histidine 0.6 

Isoleucine 0.8 
Leucine 0.8 
Lysine 0.7 

Methionine 0.7 
Phenylalanine 0.6 

Proline 0.9 
Threonine 0.8 
Tryptophan 0.5 
Tyrosine 0.6 
Valine 0.9 

glucose 5.6 
Ribose 6.7 
Maltodextrin 5.0 
Thiamine 0.5 

GMP 0.2 

IMP 0.6 
Lactic acid 1.0 
creatine 1.0 
NaCl 10 

KCl 10 

KphospH 6.0 10 

Example 28 - Freeze-alignment to produce texturized protein for use as 

muscle replicas 

This example describes a non-extrusion based method to produce texturized 

5 protein materials that can be used in meat replicas. 

A muscle tissue-replica was prepared by first preparing a gel of lentil proteins by 

mixing a 4.5% (w/v) solution oflentil proteins in 20mM potassium phosphate buffer pH 

7.4 + l00mM sodium chloride with 20% (v/v) canola oil (from Jedwards International). 

The mixture was gelled by heating at 95°C for 15 minutes and slow cooled to room 
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temperature ( at the rate of 1 °C/minute ). The gel was then poured into a vessel and frozen 

at -40°C by placing above a liquid nitrogen bath until completely frozen. The frozen 

material was then dried in a freeze-dryer. When the material was completely dried, the 

material was stabilized by autoclaving (121 °C, 15 minutes). The resulting material is a 

5 texturized muscle tissue replica formed with plant proteins. 

The aligned muscle replica then was presoaked in water for 5 minutes, cut into 

pieces oflength 3-4mm and then combined with 10g adipose-replica, 10g connective 

tissue replica and 5g cold-set gels to form 50g beef patty replicas. An in-house sensory 

panel attributed inclusion of freeze-aligned tissue to impart improved fibrous texture to 

1 o the patty. 

A muscle-tissue replica also was prepared by first forming freeze-aligned material 

as described above. After the tissue replica was steam cooked at 121 °C for 10 minutes, 

the material was allowed to soak in a solution of heat-denatured pea vicilins (at 6% w/v 

in 20mM potassium phosphate buffer pH 7.4 + 1 00mM sodium chloride, heat denatured 

15 by heating at 95°C for 30 minutes), 1 % equine myoglobin (w/v) (Sigma), and 40% (v/v) 

canola oil (from Jedwards International). Gelation of the medium was induced by 

addition of calcium chloride at 20 mM. The sample was allowed to sit for 5 minutes at 

room temperature to allow for gel formation. The resulting muscle-replica contained 

aligned material in a cold-set gel reminiscent of beef muscle in steak. 

20 

EXAMPLE 29 - Cold gelation of proteins for meat applications 

In one example, a cold-set gel comprising myoglobin was prepared by first heat 

denaturing a 6% (w/v) solution of pea-vicilins in 20mM potassium phosphate buffer, pH 

7.4 with 1 00mM sodium chloride at 100°C for 30 minutes. The solution was allowed to 

25 cool back to room temperature. Canola oil (from Jedwards International) and equine 

myoglobin (Sigma) were added to a final concentration of 20% (v/v) and 1 % (w/v), 

respectively. Gel formation was induced by adding calcium chloride at 20mM. A 50g 

beef patty replica was formed by combining 5g of the cold gel with 10g of adipose tissue­

replica, 1 0g of connective tissue-replica, and 25g of muscle tissue-replica. Five mls of a 
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7% (w/w) solution of crude lentil protein was added to the mixture and patties were 

formed. 

Example 30 - Binding materials in meat replicas 

In one example, a beef replica was made by first preparing a coacervate from a 

3% (w/v) solution of pea vicilins and legumins (vicilin:legumin ratio of 3:1) in 20 mM 

potassium phosphate pH 7.4 + 100 mM sodium chloride. Melted palm oil (from Jedwards 

International) was added to the solution to a final concentration of 5% and mixed by 

vortexing. The emulsion then was acidified by adding hydrochloric acid while stirring to 

10 a pH of 5. The slurry was then centrifuged at 5000 x g for 10 minutes and the liquid top 

layer was decanted from the coacervate. 

A 50g beef patty replica was formed by combining the coacervate at 10% with 

adipose tissue-replica (20% ), connective tissue-replica (20%) and muscle tissue-replica 

(50%). Five mls of a 7% solution of crude lentil protein was added to the mixture and 

15 patties were formed. Patties that included coacervate as binding material were observed 

to be more cohesive than patties that did not. 

20 

EXAMPLE 31 -Assembly of a sticky and noodle type ground tissue replica 

and burger replica 

Ground tissue replica and burger replicas were prepared using the ingredients in 

Table 6. During all pre-processing steps, the temperature of the materials was maintained 

cold (4 - 15°C). 

TABLE 6 

Composition of sticky and noodle 
type formulation 
Ingredient % 

Adipose 26 

Soft connective 20.6 

Sticky 12 

Raw 10 

Noodles 10 
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Hard connective 10 

Flavor and heme solution 10 

k-carrageenan 1.4 

Total 100 

Adipose tissue replica from Example 6 was chilled following the final heat-cool 

step into a solid block. Optionally 0.2% by weight of heme protein can be added as a 20 

mg/ml liquid solution and manually worked into the adipose. The adipose was then 

5 crumbled manually into small bits 3 - 7 mm in diameter while cold. 

Soft connective tissue replica from Example 23 was produced by an extrusion 

process as long string-like pieces. The soft connective was chopped with a mini chopper 

(Mini-Prep® Plus Processor model DLC-2L Cuisinart, Stamford, CT) in a single step 

process. Approximate 200g of soft connective was placed in the mini chopper and 

10 processed on the chop setting for 60 seconds to yield pieces of 1 - 3 mm in length with 

ragged edges. 

Sticky tissue replica and noodles tissue replica (see Examples 25 and 26) were 

produced by an extrusion process as long noodle-like pieces or amorphous pieces, 

respectively. Raw tissue replica of Example 21 was provided from the enzymatic 

15 crosslinking process as a solid block. All three of these tissue replicas were manually 

broken down into pieces 1 - 3 cm in diameter. 

Hard connective tissue replica from Example 22 was produced from an extrusion 

process as long string-like pieces. The hard connective tissue replica was chopped to 

three levels, named coarse, intermediate, and fine, in a mini chopper (Mini-Prep® Plus 

20 Processor model DLC-2L Cuisinart, Stamford, CT). 160 - 200 g of hard connective 

tissue replica was placed in the mini chopper and processed on the chop setting for 90 

seconds. One third of the material was removed as the coarse chopped fraction. The 

material remaining in the chopper was then processed for an additional 60 seconds and 

one third of the original weight was removed as the intermediate chopped fraction. The 

25 material remaining in the chopper was then processed for an additional 30 seconds to 

produce the fine fraction. 
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Leghemoglobin was freeze-dried and then reconstituted in a 17x flavor precursor 

mix (see Example 27) adjusted to pH 6.0 with 10 N NaOH to make the flavor and heme 

protein solution. 

Following pre-processing described above, the soft connective, sticky, raw, 

5 noodles, hard connective, and 2/3 of the adipose were mixed by hand in a bowl. A 

typical batch size was 100 g to 2000 g. The flavor and heme solution was then dribbled 

onto the mixed tissue replicas and mixed gently by hand, then k-carrageenan powder was 

tsprinkled over the mixture and mixed in by hand. During the assembly, grinding, and 

forming all materials were kept cold (4 - 15°C). The mixture was ground using a stand 

10 mixer fitted with a food grinder attachment (KitchenAid® Professional 600 Series 6 

Quart Bowl-Lift Stand Mixer model KP26M1XER and KitchenAid® Food Grinder 

model FGA, St. Joseph, MI) on speed setting 1. The food grinder material was fed by a 

screw conveyor past a rotating knife installed in front of a fixed hole plate. 

The ground tissue replica mix was collected in a bowl and the remaining 1/3 of 

15 the crumbled adipose was then added to the ground tissue replica mix and mixed in by 

hand. Approximately 30 g or 90 g portions of ground tissue replica were then formed by 

hand into round patty shapes. Typical dimensions for 30 g patties were 50 mm x 12 mm. 

Typical dimensions for 90 g patties were 70 mm x 18 mm. Patties were refrigerated until 

cooked. Cooked patties had appearance, texture, and flavor similar to ground beef as 

20 judged by a trained sensory panel. In addition to cooking in patty format, the ground 

tissue replica can also be used in a variety of dishes such as taco filling, casseroles, 

sauces, toppings, soups, stews, or loaves. 

25 

EXAMPLE 32 - Assembly of a Wheat Gluten containing ground tissue replica and 

burger replicas 

Ground tissue replica and burgers were prepared using the ingredients in Table 7. 

TABLE 7: 

Composition of Wheat Gluten Type 

formulation 
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Ingredient % 

Adipose 25 

Soft connective 30 
Raw tissue replica with heme 35 
and flavor 

Wheat gluten 5 

Hard connective 5 
Total 100 

Adipose, soft connective, and hard connective were preprocessed as described in 

Example 31. During all pre-processing steps, the temperature of the materials was 

maintained cold (4 - l5°C). 

Raw muscle with heme protein and flavor was then prepared as follows. Freeze­

dried pea vicilin and pea legumin were dissolved in water and 16x flavor stock. The 

freeze-dried heme protein was dissolved in this mixture and the pH was adjusted with 

citric acid to 5.8. A dry transglutaminase preparation (ACTIVA® TI Ajinomoto Fort 

Lee, NJ) was then added and mixed for about 5 min to fully dissolve. The mixture was 

10 then allowed to stir for an additional 10 minutes until some increase in viscosity was 

observed. The soft connective and hard connective were then added and the mixture was 

allowed to sit for 1 hour at room temperature to cure and form a solid mass. 

Wheat gluten powder (vital wheat gluten, Great Northern, item 131100, Giusto's 

Vita-Grain, South San Francisco, CA) then was added to the gelled raw muscle and 

15 mixed to distribute. This mixture was then immediately ground using a stand mixer fitted 

with a food grinder attachment as described in the previous example. Ground tissue 

replica was then chilled for 5 min at -20°C. Finally, the chopped adipose, pre-chilled to 

4 °C, was added to the chilled ground tissue replica. 

Ground tissue replica mix with adipose tissue replica added was then fom-ied by 

20 hand into two 90 ground patties. 90 g patties are typically 70 mm x 18 mm. A typical 

batch size was 180 - 200 g and produced two patties. The patties were then allowed to 

rest at room temperature for 30 minutes. After resting the patties can be cooked or 

refrigerated until ready to cook. 
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EXAMPLE 33: Generation of beef flavor in replica burgers by the addition 

of Heme and flavor precursors. 

Characteristic flavor and fragrance components in meat are mostly produced 

during the cooking process by chemical reactions molecules (precursors) including amino 

5 acids, fats and sugars that are found in plants as well as meat. Flavor precursors along 

with 1 % Leghemoglobin were added to the muscle component of the burger replicas as 

indicated in Table 8. Three replicas, one with no precursors, and two different mixtures 

of precursors, along with 80:20 beef were cooked then served to a trained sensory panel 

to describe the flavor attributes shown in Table 9. The addition of precursors increased 

10 the beefy flavor, the bloody notes, overall flavor quanity, and decreased the off notes in 

the replica. The replicas and beef sample also were analyzed by GCMS by adding 3 

grams of uncooked replica or beef into a GCMS vial. All samples were cooked at 150°C 

for 3 mins, cooled to 50°C to extract for 12 minutes using GCMS (SPME fiber sampling 

ofheadspace). A search algorithm analyzed the retention time and mass fingerprint 

15 information to assign chemical names to peaks. In the replica burger with 1 % Leg 

hemeoglobin, and precursor mixture 2, 136 beef compounds were created. In Table 10, 

all the compounds created in the replica burger that were also identified by GCMS in the 

beef samples are indicated. 

TABLE 8 

20 Flavor precursors added to the beef replicas before cooking. 

Samples 767 804 929 
Precursor No Precursor 

Additive (mm) Mix 1 Precursors Mix2 
Alanine 5.61 5.61 

Cysteine 0.83 0.83 
Glutamic acid 3.40 3.40 
Leucine 0.76 0.76 

Lysine 0.68 0.68 
Methionine 0.67 0.67 
Tryptophan 0.49 0.49 
Tyrosine 0.55 0.55 
Valine 0.85 0.85 
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Glucose 5.55 5.55 
Ribose 6.66 6.66 
Lactic acid 1.00 1.00 
creatine 1.00 1.00 
Thiamine 0.50 0.50 
IMP+GMP 0.40 0.40 

Sucrose 2.00 
Fructose 2.00 
Xylose 2.00 
Maltodextrin 0.50% 0.50% 

TABLE 9 

The sensory score determined by the sensory panel for the replica burgers and 

80:20 beef sample. 

Sample# 

Flavor Quality 

Flavor Intensity 

Flavor: Beefy 

Flavor: bloody/Metallic 

Flavor: Savory 

Off Flavors: 

chemical/oxidized/beany 

TABLEl0 

Beef flavor compounds created in replica burger with 1 % LegH and precursor mix 

2 as detected by GCMS. 

3-octen-2-one octanoic acid (Z)-2-decenal, 
1-penten-3-ol octane carbon disulfide 
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n-caproic acid vinyl ester octanal bu tyro lactone 

2-acetylthiazole nonanal butanoic acid 

thiophene 4,7-dimethyl-undecane, 3-methyl-butanal, 

methyl-thiirane, methyl ethanoate 2-methyl-butanal, 

thiazole methional butanal 
3,6,6-trimethyl-bicyclo[3.1.l]hept-

styrene methacrolein 2-ene, 
isovaleric acid benzyl alcohol 

pyrrole isopropyl alcohol 1,3-dimethyl-benzene 

pyridine hexanoic acid benzene 
trimethyl-pyrazine 2,2,4,6,6-pentamethyl-heptane, benzaldehyde 

tetramethyl-pyrazine, 2-methyl-heptane, acetophenone 

methyl-pyrazine, heptane acetonitrile 
ethyl-pyrazine heptanal acetone 
3-ethyl-2,5-dimethyl-pyrazine furfural acetoin 
2,5-dimethyl-pyrazine furaneol acetic acid ethenyl ester 

2,3-dimethyl-pyrazine 3-methyl-furan acetic acid 
2-ethyl-5-methyl-pyrazine 2-propyl-furan acetamide 

2-ethenyl-6-methyl-pyrazine, 2-pentyl-furan acetaldehyde 

pyrazme 2-methyl-furan 4-methyl-5-thiazoleethanol 

2-methyl-propanal, 2-ethyl-furan 6-methy 1-5-hepten-2-one 

propanal furan trans-2-(2-pentenyl)furan 

phenylacetaldehyde formamide (E)-4-octene, 
phenol ethyl acetate 4-cyclopentene-1,3-dione 

pentanoic acid 1-(2-furanyl)-ethanone 4-cyanocyclohexene 

3-ethyl-2,2-dimethyl-pentane 1-( 1 H-pyrro 1-2-yl)-ethanone dihydro-2-methyl-3(2H)-furanone, 

pentanal dimethyl trisulfide (E,E)-3,5-octadien-2-one 

p-cresol dimethyl sulfide 3,5-octadien-2-one 

oxalic acid, butyl propyl ester d-limonene 2,2-dimethyl-undecane 

1-heptene 1-octen-3-ol toluene 

1-ethyl-5-methylcyclopentene 1-octanol 1-pentanol 

1-butanol 1-hexanol 1-octen-3-one 

IH-pyrrole-2-carboxaldehyde 2-methyl-IH-pyrrole 2-butanone 

2-nonanone 3-methyl-2-butenal 2-thiophenecarboxaldehyde 

2-n-butylacrolein 3-ethylcyclopentanone 2-pyrrolidinone 

2-methyl-2-heptene 2( 5H)-furanone 2-propenal 

dihydro-5-pentyl-2(3H)-
(E)-2-hexenal, furanone 1-hydroxy-2-propanone 
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(E)-2-heptenal, 5-ethyldihydro-2(3 H)-furanone 1-( acetyloxy )-2-propanone 

5-acetyldihydro-2(3H)-
6-methyl-2-heptanone furanone 2-pentanone 

2-heptanone 2,6-dimethylpyrazine (E)-2-octenal 

2-furanmethanol (E,E)-2,4-nonadienal 2-octanone 

3-ethyl-2-1 ,4-dioxin (E,E)-2,4-heptadienal (E)-2-nonenal 

3-ethyl-2-methyl-1,3-
hexadiene (E,E)-2,4-decadienal 8-methyl-1-undecene 

2-butenal 2,3-dimethyl-5-ethylpyrazine 1-propanol 

1-penten-3-one 

EXAMPLE 34 - Removal of off-flavors from plant protein solutions 

i) Synthesis of ligand modified LOX removal resin 

A 1 mL settled volume of CM Sepharose resin (Sigma Aldrich Catalog # 

5 CCFl00) was loaded into a BioRad minicolumn. 3 mL of 50 mM MES (2-

morpholinoethanesulfonic acid) buffer preset to a pH range of 5 .5 to 6 was allowed to 

pass through the resin bed. Separately, to 1 mL of the same buffer was added in 

succession, 0.044 mL of 4,7,10- trioxa-1,13-tridecanediamine, 0.030 mL of 12 N HCl, 23 

mg of NHS (N-hydroxy-succinimide), and 38 mg of EDC (l-ethyl-3-(3-

10 dimethylaminopropyl)carbodiimide hydrochloride) with dissolution after each addition. 

The resulting solution was added to the top of the column bed and allowed to gravity 

flow through and the effluent was collected. The resulting effluent was returned to the 

top of the column bed. The cycle of addition of solution, elution and return was done 

four times. When the last elution was finished, 3 mL of 50 mM MES buffer preset to a 

15 pH of 5.5 to 6 was allowed to gravity flow through the column. Linoleic acid (0.03 mL) 

was dissolved in 0.5 mL DMF (N,N-dimethylformamide), followed in sequence by 12 

mg NHS, 19 mg EDC, and 0.5 mL of 50 mM MES buffer preset to a pH of 5 .5 to 6. The 

NHS/EDC mixture was shaken to mix, resulting in a two-phase liquid which was applied 

to the top of the column and eluted through the resin bed, allowed to gravity flow through 

20 the column and effluent collected. The effluent was returned to the top of the column 

bed. The cycle of addition of solution, elution and return was done four times. Once the 

last collection was finished a solution of 70% ethanol in water (5 mL) was added to the 
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top of the column, followed by 3 mL of 0.1 M sodium hydroxide. This was followed by 

0.1 M buffer of potassium phosphate preadjusted to pH 7 to 8. 

ii) Removal of off-flavors from pea proteins using the ligand modified LOX 

5 removal resin. 

A solution of pea proteins (30 mis at 20 mg/ml protein concentration in 20 mM 

potassium phosphate buffer pH 7.4, 1 00mM sodium chloride) was passed through a 100 

ml resin bed described above. All unbound material was collected and the resin further 

washed with 200 mis of buffer. Both fractions were combined and resin was stripped of 

10 bound protein by washing with 2 bed volumes of20 mM potassium phosphate, IM 

sodium chloride. Resin bed was regenerated by washing with 2 bed volumes of0.lM 

NaOH followed by 3 bed volumes of water and re-equilibration with buffer. 

Depletion of LOX activity in the pooled unbound fraction was confirmed by 

assaying for enzyme activity. Sodium linoleate was used as substrate for LOX and 

15 formation ofhydroperoxide intermediates was monitored by absorbance at 234nm. 

Assays were performed at pH9 in 50mM sodium borate buffer. Assays confirmed 

depletion of LOX activity in the pooled unbound fraction. LOX was removed from resin 

in washes with 0.5M and IM sodium chloride. 

Improvement in flavor in the LOX depleted protein solutions (both as-is and 

20 incubated with canola oil at 10%) was confirmed by a panel of 4 tasters. Samples of pea 

proteins at same concentration, but not depleted of LOX was used at control. Tasters 

described LOX -depleted samples as mild tasting and control samples as having beany, 

planty taste. In addition, GC-MS analysis of samples showed 5X reduction in overall 

volatiles in the LOX-depleted samples. 

25 

Reduction of off-flavors using dialysis and activated carbon 

A solution of pea albumins (30 mis at 40 mg/ml in 20mM potassium phosphate 

buffer pH 7.4, 100 mM sodium chloride) was dialyzed against 100 volumes of buffer 

overnight at 4 °C. The solution was then poured over a bed of activated carbon (100-

30 mesh, Sigma-Aldrich) prewetted with buffer. The slurry was centrifuged at 5000 x g for 
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10 minutes and the supernatant containing protein was decanted off. This solution was 

tested for improvement in flavor by both taste and GC-MS. Improved flavor (less bitter, 

less soapy flavor) was noted by tasters and GC-MS confirmed a >2X reduction in volatile 

compounds; in particular, samples treated with activated carbon showed a decrease in 

5 C6- and C7 compounds (e.g., 1-heptanal, 2-heptenal, or 2-heptanone) that are associated 

with green/grassy/planty flavors. 

Reduction of off-flavors using antioxidants and/or LOX inhibitors 

A 7% solution of pea-vicilins was heated with coconut oil (20%) to 95°C for 15 

10 min in the presence of antioxidants or LOX inhibitors and compared for off-flavors 

sample against a control without any antioxidants or LOX inhibitors. In a similar 

experiment, soymilk was heated in the presence of antioxidants or LOX inhibitors and 

tasted in-house for off-flavors. Table 11 summarizes off-flavors noted by tasters. Both 

epigallocetechin gallate and propyl gallate were effective at minimizing off-flavors in pea 

15 samples. However, in case of soymilk, epigallocatechin gallate did not appear to reduce 

beaniness; propyl gallate and a-tocopherol were found to slightly improve flavor in 

soymilk. 

20 

Table 11 

Compound soyrnilk Pea 

a-tocopherol Slightly improved flavor Oxidized oil 

caffeic acid (0.02%) Beany Oxidized oil 

epigallocatechin gallate Beany Improved flavor 

propyl gallate (0.02%) Slightly improved flavor Improved flavor 

J3-carotene Beany Oxidized oil 

EXAMPLE 35 - ADIPOSE REPLICA WITH LECITHIN GRADIENT 

Lecithin (SOLEC1
M F Deoiled Soy Lecithin, The Solae Company, St. Louis, MO) 

\Vas prepared at a concentration of 50 mg/rnL in 20 rnJ\,1 potassium phosphate, 100 mM 

NaCl, pH 8.0 buffer and sonicated (Sonifier Analog Cell Disruptor model l02C, 
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BRANSON 1J!trnsonics Corporation, Danbury, Connecticut) for 30 seconds. Moong 

protein was supplied as a liquid in 20 mM potassium phosphate, 100 mM NaCl, pH 8.0 

buffer. Coconut oil vvas melted by heating to 50 - 70"C and held warm until needed. The 

coconut oil, buffered protein solution, additional buffer, and lecithin slurry were mixed at 

5 70°C, and an emulsion was formed using a hand held homogenizer. The emulsion was 

then heat set by placing the tube into a 95°C waterbath for a total of 5 mins. The tube 

\Vas then removed from the \vaterbath and stored at 4°C for twelve hours or longer prior 

to analysis. 

To observe the effect of lecithin on the adipose tissue replica replica, a 

10 fonnulation \.Vas prepared that contained 1 % w/v moong protein and 75~ii v/v coconut oil, 

with the lecithin an1ount increasing from 0%, 0.05%, 0,25%1, 0.5?,fi, and LO%> w/v. 

Properties of the adipose replica were measured by weighing srnaU portions of the 

material and forming unifom1 round balls, which were then cooked on a non-stick pan 

with temperature slm.vly ramping up to 150°C. The temperature of the pan at which fat 

15 visibly released from the balls was measured as the fat release temperature. After cooking 

to completion, the point at which fat no longer released, the total fat released was 

measured. 

An increase in the amount of lecithin in the adipose replica correlated with an 

increase in the percent fat released, and with a decrease in the fat release temperature (see 

20 FIGs. 2A and 2B). With 0% lecithin, there was an average of 40% fat released, and when 

lecithin was increased to 0.05%, there was an average of 82% fat released, which further 

increased to 88% with 0.25% lecithin, then leveled off to an average of 60% with further 

increases in lecithin. With 0% lecithin, a high temperature of 2 l 7°C was required to 

begin the fat release. The fat release temperature decreased to 122°C with 0.25% 

25 lecithin, then leveled off to an average of 62°C with further increases of lecithin. 

30 

Firmness of the adipose replica was measured by texture analyzer (TA XT plus). 

A probe penetrated a flat surface of the adipose replica, and the force at 2 mm penetration 

was recorded. A small amount oflecithin (0.05%) increased the firmness, and at 0.25% 

and above, the firmness of the adipose replica decreased. See FIG. 2C. 
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EXAMPLE 36 - ADIPOSE REPLICA WITH VARYING VEGETABLE OIL 

TYPE 

To observe the effect of vegetable ojl type on the adipose replica, a formulation 

was prepared that contained al .5'% w/v moong protein and 0.05% w/v lecithin, and 75%) 

5 v/v of different vegetable oils (canola oil, cocoa butter, coconut oiL and olive oil) using 

the same methodology as Example 35. Properties of the adipose replica were measured 

by weighing small por6ons of the material and forming uniform round ha] ls, which were 

then cooked on a non-stick pan v,/ith temperature slowly ramping up to 250°C. The 

ternperature of the pan at which fat visibly released from the balls was measured as the 

10 fat release temperature. After cooking to completion, the point at which fat no longer 

released, the total fat released ,vas measured. 

Varying the vegetable oil type had a large effect on the adipose replica. Oils with 

a higher amount of unsaturated fats, including canola and rice bran oils, released very 

little fat (1 and 2% fat released, see FIG. 3), while oils with a higher amount of saturated 

15 fats, including cocoa butter and coconut oil released significantly more fat (30% and 50% 

fat released, see FIG. 4). The adipose replicas with canola and rice bran oils required a 

temperature greater than 250°C to melt (not measured), while the adipose replicas with 

cocoa butter and coconut oil released fat at a lower temperature (82°C and 137°C). 

20 EXAMPLE 37 - ADIPOSE REPLICA MADE WITH COACERVATE 

Lecithin (SOLECTM F Deoiled Soy Lecithin, The Solae Company, St. Louis, 

MO) was prepared at a concentration of 50 mg/ml in 20 mM potassium phosphate, 100 

mM NaCl, pH 8.0 buffer and sonicated (Sonifier Analog Cell Disruptor model 102C, 

BRANSON Ultrasonics Corporation, Danbury, Connecticut) for 30 seconds. Pea 

25 legumin and pea vicilin proteins in 20 mM potassium phosphate, 100 mM NaCl, pH 8.0 

buffer, were mixed to a 1: 1 ratio. Cocoa butter was melted by heating to 70°C and held 

warm until needed. The cocoa butter was added to 2 % and 10% w /v to the protein 

mixtures, and was added at 60°C to maintain cocoa butter in the liquid state. While the 

solutions were still warm, the mixtures were sonicated 1-3 minutes, until cocoa butter 

30 particles were visibly emulsified. The pH of the samples was adjusted to 5.5 with HCl, 
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and the mixtures turned into a milky white color, then centrifuged at 5,000xg for ten 

minutes. After centrifugation, a pellet was collected, comprising a coacervate of protein 

and cocoa butter. The 2% fat coacervates were sticky and stretchy, while the 10% fat 

coacervates were fatty and pliable. The coacervates were sealed in plastic and subjected 

5 to high pressure processing (HPP). The sample was sealed in a heat-sealable food-saver 

plastic bag and then subject to high pressure processing (85k psi for 5 minutes in an 

Avure 2L Isostatic Food Press). After HPP, the 2% coacervate samples formed a semi­

firm, cohesive material. The 10% coacervate samples were crumbly, soft, and oily. 

Properties of the processed coacervate samples were measured by breaking off 

10 small portions of the material and cooking on a non-stick pan with temperature slowly 

ramping up to 250°C. The coacervate samples did not release any fat upon cooking to 

this temperature. 

OTHER EMBODIMENTS 

While preferred embodiments of the present invention have been shown and 

15 described herein, it will be obvious to those skilled in the art that such embodiments are 

provided by way of example only. Numerous variations, changes, and substitutions will 

now occur to those skilled in the art without departing from the invention. It should be 

understood that various alternatives to the embodiments of the invention described herein 

may be employed in practicing the invention. It is intended that the following claims 

20 define the scope of the invention and that methods and structures within the scope of 

these claims and their equivalents be covered thereby. 
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PCT/US2014/011361 

2 1. A consumable product comprising an isolated and purified plant protein, 

3 wherein the isolated and purified plant protein has (i) a solubility in a solution of at least 

4 25 g/L at a temperature between about 2°C and about 32°C, wherein the solution has a 

5 pH between 3 and 8, and has a sodium chloride content of Oto 300 mM or (ii) a solubility 

6 in a solution of at least 1 mg/ml at a temperature of between 90°C and 110°C, wherein 

7 the solution has a pH between 5 and 8 and has a sodium chloride content of O to 300 mM. 

8 2. The consumable product of claim 1, wherein said product is a beverage, a 

9 protein supplement, a baked good, a condiment, a meat product, or a meat substitute 

10 product. 

11 3. The consumable product of claim 2, wherein said beverage is an alcoholic 

12 beverage or a protein drink. 

13 4. The consumable product of claim 3, wherein said alcoholic beverage is a 

14 cream liquor. 

15 5. The consumable product of claim 4, said cream liquor further comprising 

16 a non-dairy lipid emulsion, wherein said cream liquor is free of animal products. 

17 6. The consumable product of claim 3, wherein said protein drink is a meal 

18 replacement beverage, a beer supplemented with said protein, or distilled alcoholic 

19 beverage supplemented with said protein. 

20 7. The consumable product of claim 2, wherein said condiment is a 

21 mayonnaise replica. 

22 8. The consumable product of claim 2, wherein said meat product is a pate, a 

23 sausage replica, or a meat substitute. 

24 9. The consumable product of any one of claims 1-8, wherein said isolated 

25 and purified plant protein is at least 10 kDa in size. 

26 10. The consumable product of any one of claims 1-9, wherein said isolated 

27 and purified plant protein is not fully denatured. 

28 11. The consumable product of any one of claims 1-10, wherein said isolated 

29 and purified plant protein is not derived from soy. 
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30 12. The consumable product of any one of claims 1-11, wherein said isolated 

31 and purified plant protein comprises one or more ofRuBisCo, Moong 8S globulin, a pea 

32 globulin, a pea albumin, a lentil protein, zein, or an oleosin. 

33 13. The consumable product of any one of claims 1-12, wherein said isolated 

34 and purified plant protein comprises a dehydrin, a hydrophilin, an intrinsically disordered 

35 protein, or a protein identified based on its ability to stay soluble after boiling at a pH and 

36 a salt concentration comparable to a food. 

37 14. The consumable product of any one of claims 1-13, said consumable 

38 product further comprising a plant derived lipid or a microbial-derived lipid. 

39 15. The consumable product of any one of claims 1-14, further comprising a 

40 second isolated and purified protein. 

41 16. The consumable product of any one of claims 1-15, further comprising a 

42 seasoning agent, a flavoring agent, an emulsifier, a gelling agent, a sugar, or a fiber. 

43 17. A consumable product comprising a coacervate comprising one or more 

44 isolated and purified proteins. 

45 18. The consumable product of claim 1 7, wherein said consumable product is 

46 a meat replica. 

4 7 19. The consumable product of claim 17 or claim 18, said product further 

48 comprising a plant derived lipid or a microbial-derived lipid. 

49 20. The consumable product of claim 19, wherein said plant derived lipid or 

50 microbial-derived lipid comprises lecithin and/or an oil. 

51 21. The consumable product of claim 20, said product comprising up to about 

52 1 % lecithin by weight. 

53 22. The consumable product of claims 20 or claim 21, wherein said product 

54 comprises lecithin and said oil. 

55 23. The consumable product of any one of claims 20-22, wherein said oil is 

56 canola oil, palm oil, or cocoa butter. 

57 24. The consumable product of any one of claims 20-23, said product 

58 comprising about 1 % to about 9% of said oil. 
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59 25. The consumable product of any one of claims 17-24, wherein said one or 

60 more isolated and purified proteins comprise plant proteins. 

61 26. The consumable product of claim 25, wherein said one or more plant 

62 proteins comprise one or more pea proteins, chickpea proteins, lentil proteins, lupine 

63 proteins, other legume proteins, or mixtures thereof. 

64 27. The consumable product of claim 26, wherein said one or more pea 

65 proteins are legumins, vicilin, a convicilin, or a mixture thereof. 

66 28. A meat replica comprising a muscle replica, a connective tissue replica; an 

67 adipose tissue replica, and a coacervate comprising one or more isolated and purified 

68 proteins. 

69 29. The meat replica of claim 28, wherein said coacervate further comprises a 

70 plant-derived lipid or microbial-derived lipid. 

71 30. The meat replica of claim 29, wherein said plant derived lipid or 

72 microbial-derived lipid is lecithin and/or an oil. 

73 31. The meat replica of any one of claims 28-30, wherein said meat replica is 

74 a ground beef replica. 

75 32. A consumable product comprising a comprising a cold set gel comprising 

76 one or more isolated and purified proteins from a non-animal source and a salt. 

77 33. The consumable product of claim 32, wherein said isolated and purified 

78 plant protein comprises one or more of RuBisCo, moong 8S globulin, a pea globulin, a 

79 pea albumin, a lentil protein, zein, or an oleosin. 

80 34. The consumable product claim 32, wherein said isolated and purified plant 

81 protein comprises a dehydrin, a hydrophilin, or an intrinsically disordered protein. 

82 35. The consumable product of any one of claims 32-35, wherein said cold set 

83 gel further comprises a plant derived lipid or microbial derived lipid. 

84 36. The consumable product of claim 35, wherein said plant derived lipid or 

85 microbial derived lipid is lecithin and/or oil. 

86 37. An adipose tissue replica comprising one or more isolated plant proteins, 

87 one or more plant or algal derived oils, and optionally a phospholipid. 
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88 38. The adipose tissue replica of claim 37, wherein said phospholipid is 

89 lecithin. 

90 39. The adipose tissue replica of claim 37 or claim 38, wherein said plant 

91 based oils are selected from the group consisting of corn oil, olive oil, soy oil, peanut oil, 

92 walnut oil, almond oil, sesame oil, cottonseed oil, rapeseed oil, canola oil, safflower oil, 

93 sunflower oil, flax seed oil, palm oil, palm kernel oil, coconut oil, babassu oil, shea 

94 butter, mango butter, cocoa butter, wheat germ oil, rice bran oil, and combinations 

95 thereof. 

96 40. The adipose tissue replica of any one of claims 37-39, wherein the fat 

97 release temperature of said adipose tissue replica is between 23°C to 33°C, 34°C to 44°C, 

98 45°C to 55°C, 56°C to 66°C, 67°C to 77°C, 78°C to 88°C, 89°C to 99°C, 100°C to 

99 110°c, 111 °C to 121 °C, 122°c to 132°C, 133°C to 143°C, 144°C to 154°C, 155°C to 

100 165°C, 166°C to 167°C, 168°C to 169°C, 170°C to 180°C, 181 °C to 191 °C, 192°C to 

101 202°c, 203°C to 213°C, 214°C to 224°C, 225°C to 235°C, 236°C to 246°C, 247°C to 

102 257°C, 258°C to 268°C, 269°C to 279°C, 280°C to 290°C, or 291 °C to 301 °C. 

103 41. The adipose tissue replica of any one of claim 3 7-40, wherein the percent 

104 fat release of said adipose tissue replica is O to 10%, 10% to 20%, 20% to 30%, 30% to 

105 40%, 40% to 50%, 50% to 60%, 60% to 70%, 70% to 80%, 80% to 90%, or 90% to 

106 100% upon cooking. 

107 42. The adipose tissue replica of any one of claims 37-41, wherein said 

108 isolated and purified plant protein comprises one or more of RuBisCo, moong 8S 

109 globulin, a pea globulin, a pea albumin, a lentil protein, zein, or an oleosin. 

11 o 43. The adipose tissue replica of any one of claims 3 7-42, wherein said 

111 adipose tissue replica comprises from about 40% to about 90% of said oil. 

112 44. The adipose tissue replica of any one of claims 37-43, wherein said 

113 adipose tissue replica comprises from about 1 % to about 6% of said isolated and purified 

114 plant protein. 

115 45. The adipose tissue replica of any one of claims 3 7-44, wherein said 

116 adipose tissue replica comprises from about 0.05 to about 2% of said phospholipid. 
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117 46. The adipose tissue replica of any one of claims 37-45, wherein the 

118 fimmess of said adipose tissue replica is similar to that of beef adipose tissue. 

119 47. A consumable product comprising a heme-containing protein and (i) 

120 carbon monoxide and/or (ii) a nitrite, wherein said consumable product does not 

121 comprise meat. 

122 48. The consumable product of claim 4 7, wherein said heme-containing 

123 protein accounts for at least 0.01 % of the composition. 

124 49. The consumable product of claim 47 or claim 48, further comprising one 

125 or more ammonium, sodium, potassium, or calcium salts. 

126 50. The consumable product or meat replica of any one of claims 17-49, 

127 wherein said isolated and purified proteins are crosslinked. 

128 51. A consumable product comprising a gelled emulsion, said gelled emulsion 

129 compnsmg: 

130 

131 

a) 

b) 

an isolated and purified protein; 

a first lipid that when not in said consumable product is solid at a selected 

132 temperature range; and 

133 c) a second lipid that when not in said consumable product is liquid at said 

134 selected temperature range; wherein the melting temperature of the mixture of said first 

135 and second lipids is similar to the melting temperature of lipids found in meat, and 

136 wherein said first and second lipids are plant derived lipids or microbial derived lipids. 

137 52. A method for making a consumable product comprising: 

138 a) preparing a solution comprising an isolated and purified plant protein, 

139 wherein said isolated and purified plant protein has (i) a solubility in said solution of at 

140 least 25 at a temperature between about 2°C and 32°C, wherein said solution has a pH 

141 between 3 and 8, and has a sodium chloride content of Oto 300 mM or (ii) a solubility in 

142 said solution of at least 1 mg/ml at a temperature of between 90°C and l 10°C, wherein 

143 said solution has a pH between 5 and 8 and has a sodium chloride content of Oto 300 

144 mM; and 

145 b) adding said solution to a beverage. 
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146 53. The method of claim 52 wherein said solution comprises two or more 

147 isolated and purified plant proteins. 

148 54. The method of claim 52 or claim 53, wherein said beverage is clear. 

149 55. The method of any one of claim 52-54, wherein said isolated and purified 

150 plant protein is at a concentration of at least 1 % by weight in said solution. 

151 56. The method of any one of claims 52-55, wherein said isolated and purified 

152 plant protein is selected from the group consisting of RuBisCo, a moong globulin, a soy 

153 globulin, a pea globulin, a pea albumin, a prolamin, a lentil protein, a dehydrin, a 

154 hydrophilin, and an intrinsically disordered protein. 

155 57. The method of any one of claims 52-56, wherein said isolated and purified 

156 plant protein is lyophilized prior to making said solution. 

157 58. The method of any one of claims 52-57, wherein said beverage has an 

158 improved mouthfeel compared to a corresponding beverage without said isolated and 

159 purified protein. 

160 59. A method for extending the shelf-life of a meat-free consumable product, 

161 said method comprising adding a heme-containing protein to said consumable product, 

162 wherein said heme containing protein oxidizes more slowly than myoglobin under 

163 equivalent storage conditions. 

164 60. The method of claim 59, wherein said heme-containing protein comprises 

165 an amino acid sequence with at least 70% homology to an amino acid sequence set forth 

166 in any one of SEQ ID NOs: 1-27. 

167 61. A method for making a meat replica comprising a cold set gel comprising: 

168 a) denaturing a solution comprising at least one isolated and purified protein 

169 from a non-animal source under conditions wherein said isolated and purified protein 

170 does not precipitate out of said solution; 

171 b) optionally adding any heat-labile components to said solution of denatured 

172 protein; 

173 c) gelling said solution of denatured protein at about 4°C to about 25°C by 

174 increasing the ionic strength of said solution to form a cold set gel, and 

175 d) incorporating said cold set gel into a meat replica. 
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176 62. The method of claim 61, wherein gelling is induced using 5 to 100 mM 

177 sodium or calcium chloride. 

178 63. The method of claim 61 or claim 62, wherein said heat-labile components 

179 are proteins or lipids, or mixtures thereof. 

180 64. The method of claim 63, wherein said protein is a heme-containing 

181 protein. 

182 65. The method of claim 63, wherein said cold set gel is formed in a matrix 

183 comprising a freeze-aligned plant protein. 

184 66. The method of any one of claims 61-65, wherein said isolated and purified 

185 protein from a non-animal source is a plant protein. 

186 67. The method of claim 66, wherein said plant protein is selected from the 

187 group consisting of RuBisCo, a moong globulin, a soy globulin, a pea globulin, a pea 

188 albumin, a prolamin, a lentil protein, a dehydrin, a hydrophilin, and an intrinsically 

189 disordered protein. 

190 68. An adipose tissue replica, comprising 

191 

192 

a) 

b) 

an isolated and purified non-animal protein; 

a non-animal lipid; and 

193 c. a three-dimensional matrix comprising fibers derived from non-animal 

194 sources, wherein said lipid and said protein are dispersed in said three-dimensional 

195 matrix, and wherein said three-dimensional matrix stabilizes the structure of the adipose 

196 tissue replica. 

197 69. A connective tissue replica comprising one or more isolated and purified 

198 proteins assembled into fibrous structures by a solution spinning process. 

199 70. The connective tissue replica of claim 69 wherein the fibrous structures 

200 are stabilized by a cross-linking agent. 

201 71. A method for imparting a beef like flavor to a consumable product, 

202 comprising adding to said consumable composition a heme-containing protein, wherein 

203 after cooking, a beef-like flavor is imparted to said consumable. 

146 

Case No.: IPR2023-00322 
U.S. Patent No. 10,273,492



 
Motif Exhibit 1039, Page 621 of 1288

WO 2014/110539 PCT/US2014/011361 

204 72. A method for making a poultry or a fish composition taste like beef, said 

205 method comprising adding a heme protein to said poultry or fish composition, 

206 respectively. 

207 73. The method of claim 71 or claim 72, wherein said heme-containing 

208 protein has an amino acid sequence with at least 70% homology to any one of the amino 

209 acid sequences set forth in SEQ ID NOs: 1-27. 

210 74. A method of making a coacervate, said method comprising 

211 a) acidifying a solution of one or more plant proteins to a pH between 3.5 and 5.5, 

212 wherein said solution comprises 100 mM or less of sodium chloride; and 

213 b) isolating said coacervate from said solution. 

214 75. The method of claim 74, wherein said pH is between 4 and 5. 

215 76. The method of claim 74 or claim 75, wherein said plant proteins comprise one or 

216 more pea proteins, chickpea proteins, lentil proteins, lupine proteins, other legume 

217 proteins, or mixtures thereof. 

218 77. The method of claim 76, wherein said pea proteins comprise isolated and purified 

219 legumins, isolated and purified vicilins, isolated and purified convicilins, or 

220 combinations thereof. 

221 78. The method of claim 77, wherein said isolated and purified pea proteins comprise 

222 isolated and purified vicilins and isolated and purified convicilins. 

223 79. The method of any one of claims 7 4-78, wherein said acidifying step is done in 

224 the presence of a plant derived lipid or microbial derived lipid. 

225 80. The method of claim 79, wherein said plant derived lipid or microbial derived 

226 lipid comprises oils and/or phospholipids. 

227 81. A method of making an adipose tissue replica, said method comprising forming 

228 an emulsion comprising one or more isolated plant proteins, one or more plant or 

229 algal derived oils, and optionally a phospholipid. 

230 82. The method of claim 81, wherein said phosoholipid is included, and is lecithin. 

231 83. The method of claim 81 or claim 82, wherein said plant based oils are selected 

232 from the group consisting of corn oil, olive oil, soy oil, peanut oil, walnut oil, 

233 almond oil, sesame oil, cottonseed oil, rapeseed oil, canola oil, safflower oil, 
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234 sunflower oil, flax seed oil, palm oil, palm kernel oil, coconut oil, babassu oil, 

235 shea butter, mango butter, cocoa butter, wheat germ oil, rice bran oil, and 

236 combinations thereof. 

237 84. The method of any one of claims 81-83, wherein the fat release temperature of 

238 said adipose tissue replica is between 23°C to 33°C, 34°C to 44°C, 45°C to 55°C, 

239 56°C to 66°C, 67°C to 77°C, 78°C to 88°C, 89°C to 99°C, 100°c to 110°c, 

240 111°C to 121 °C, 122°C to 132°C, 133°C to 143°C, 144°C to 154°C, 155°C to 

241 165°C, 166°C to 167°C, 168°C to 169°C, 170°C to 180°C, 181 °C to 191 °C, 

242 192°C to 202°c, 203°C to 213°C, 214°C to 224°C, 225°C to 235°C, 236°C to 

243 246°C, 247°C to 257°C, 258°C to 268°C, 269°C to 279°C, 280°C to 290°C, or 

244 291 °C to 301 °C. 

245 85. The method of any one of claim 81-84, wherein the percent fat release of said 

246 adipose tissue replica is 0 to 10%, 10% to 20%, 20% to 30%, 30% to 40%, 40% 

247 to 50%, 50% to 60%, 60% to 70%, 70% to 80%, 80% to 90%, or 90% to 100% 

248 upon cooking. 

249 86. The method of any one of claims 81-85, wherein said isolated and purified plant 

250 protein comprises one or more of RuBisCo, moong 8S globulin, a pea globulin, a 

251 pea albumin, a lentil protein, zein, or an oleosin. 

252 87. The method of any one of claims 81-86, wherein said emulsion comprises from 

253 about 40% to about 90% of said oil. 

254 88. The method of any one of claims 81-87, wherein said emulsion comprises from 

255 about 1 % to about 4% of said isolated and purified plant protein. 

256 89. The method of any one of claims 81-88, wherein said adipose tissue replica 

257 comprises from about 0.05 to about 1 % of said phospholipid. 

258 90. The method of any one of claims 81-89, wherein the emulsion is formed by high-

259 pressure homogenization, sonication, or hand homogenization. 

260 91. A method of minimizing undesirable odors in a composition comprising plant 

261 proteins, said method comprising contacting said composition with a ligand 

262 having affinity for one or more lipoxygenases. 
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92. A method of minimizing undesirable odors in a composition comprising plant 

proteins, said method comprising contacting said composition with activated 

carbon then removing the activated carbon from said composition. 

93. A method of minimizing undesirable odors in a composition comprising plant 

proteins, said method comprising adding a lipoxygenase inhibitor and/or an 

antioxidant to said composition. 

94. A chocolate flavored spread comprising: 

a) sugar 

b) a chocolate flavoring, and 

c) a cream fraction from a plant based milk. 

95. A method for altering the texture of a consumable during or after cooking 

comprising incorporating within the consumable one or more plant proteins with a 

low denaturation temperature. 

96. The method of claim 95, wherein at least one of the one or more plant proteins is 

isolated and purified. 

97. The method of claim 95, wherein the one or more plant proteins are selected 

from the group consisting of rubisco, pea proteins, lentil proteins, or other legume 

proteins. 

98. The method of claim 97, wherein the pea proteins comprise pea albumin 

proteins. 

99. The method of claim 95, wherein the consumable becomes firmer during or after 

cooking. 

100. A tissue replica comprising a freeze-aligned non-animal protein. 

101. The tissue replica of claim 100, wherein the non-animal protein is a plant 

protein. 

102. The tissue replica of claim 101, wherein the non-animal protein is isolated 

and purified. 

103. The tissue replica of claim 100, which is a muscle tissue replica. 
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104. A meat replica comprising a tissue replica comprising a freeze-aligned 

non-animal protein. 

150 

Case No.: IPR2023-00322 
U.S. Patent No. 10,273,492



 
Motif Exhibit 1039, Page 625 of 1288

WO 2014/110539 PCT/US2014/011361 
1/9 

FIGURE 1 

SEQ ID N0:1 Vigna radiata 

MTTTLERGFTEEQEALVVKSWNVMKKNSGELGLKFFLKIFEIAPSAQKLFSFLRDSTVP 
LEQNPKLKPHAVSVFVMTCDSAVQLRKAGKVTVRESNLKKLGATHFRTGVANEHFEVTK 
FALLETIKEAVPEMWSPAMKNAWGEAYDQLVDAIKYEMKPPSS 

SEQ ID N0:2 Afethylacidiphilum irifernorum 

MIDQKEKELIKESWKRIEPNKNEIGLLFYANLFKEEPTVSVLFQNPISSQSRKLMQVLG 
ILVQGIDNLEGLIPTLQDLGRRHKQYGVVDSHYPLVGDCLLKSIQEYLGQGFTEEAKAA 
WTKVYGIAAQVMTAE 

SEQ ID N0:3 Aquifex aeolicus 

MLSEETIRVIKSTVPLLKEHGTEITARMYELLFSKYPKTKELFAGASEEQPKKLANAII 
AYATYIDRLEELDNAISTIARSHVRRNVKPEHYPLVKECLLQAIEEVLNPGEEVLKAWE 
EAYDFLAKTLITLEKKLYSQP 

SEQ ID N0:4 Glycine max 

MGAFTEKQEALVSSSFEAFKANIPQYSVVFYTSILEKAPAAKDLFSFLSNGVDPSNPKL 
TGHAEKLFGLVRDSAGQLKANGTVVADAALGSIHAQKAITDPQFVVVKEALLKTIKEAV 
GDKWSDELSSAWEVAYDELAAAIKKAF 

SEQ ID N0:5 Hordeum vulgare 

MSAAEGAVVFSEEKEALVLKSWAIMKKDSANLGLRFFLKIFEIAPSARQMFPFLRDSDV 
PLETNPKLKTHAVSVFVMTCEAAAQLRKAGKITVRETTLKRLGGTHLKYGVADGHFEVT 
RFALLETIKEALPADMWGPEMRNAWGEAYDQLVAAIKQEMKPAE 

A1agnaporthe 01yzae, (SEQ ID N0:6) 

1 mdgavrldwt gldltgheih dgvpiasrvq vmvsfplfkd qhiimsskes psrksstigq 
61 strngscqad tqkgqlppvg ekpkpvkenp mkklkemsqr plptqhgdgt yptekkltgi 

121 gedlkhirgy dvktllamvk sklkgeklkd dktmlmervm qlvar lptes kkrael tdsl 
181 inelwesldh pplnylgpeh syrtpdgsyn hpfnpqlgaa gsryarsvip tvtppgalpd 
241 pglifdsimg rtpnsyrkhp nnvssil ,,ry;,r atiiihdifw tdprdintnk sssyldlapl 
301 ygnsqemqds irtfkdgrmk pdcyadkrla gmppgvsvll imfnrfhnhv aenlalineg 
361 grfnkpsdll egeareaawk kydndlfqva rl vtsglyin i tl vdyvrni vnlnrvdttw 
421 tldprqdaga hvgtadgaer gtgnavsaef nlcyr;.,'hsci sekdskfvea qfqnifgkpa 
481 sevrpdem,,rk gfakmeqntp adpgqrtfgg fkrgpdgkfd dddlvrcise avedvagafg 
541 arnvpqamkv vetmgiiqgr k-;,rnvaglnef rkhfhlkpys tfedinsdpg vaealrrlyd 
601 hpdnvelypg lvaeedkqpm vpgvgiapty tisrvvlsda vclvrgdrfy ttdftprnlt 
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661 Tnvgykevdyd lsvnhgcvfy klfirafpnh fkqnsvyahy pmvvpsenkr ilealgradl 
721 fdfeapkyip prvnitsygg aeyiletqek ykvtwheglg flmgegglkf mlsgddplha 
781 qqrkcmaaql ykdgwteavk afyagm.77.eel lvsksyflgn nkhrhvdiir dvgnmvhvhf 
841 asqvfglplk taknptgvft eqemygilaa ifttiffdld psksfplrtk trevcqklak 
901 lveanvklin kip,,rsrgmfv gkpakdepls iygktmikgl kahglsdydi a,,rshvvptsg 
961 amvpnqaqvf aqavdyylsp agmhyipeih mvalqpstpe tdalllgyam egirlagtfg 

1021 syreaavddv vkedngrqvp vkagdrvfvs fvdaardpkh fpdpevvnpr rpakkyihyg 
1081 vgphaclgrd asqiaitemf rclfrrrnvr rvpgpqgelk kvprpggfyv ymred,,rgglf 
1141 pfpvtmrvmw dde 

Fusarium oxysporum (SEQ ID NO:7) 

1 mkgsatlafa lvqfsaasql vwpskwdeve dllymqggfn krgfadalrt cefgsnvpgt 
61 qntaewlrta fhdaithdak agtggldasi ywessrpenp gkafnntfgf fsgfhnprat 

121 asdltalgtv lavgacngpr ipfragrida ykagpagvpe pstnlkdtfa aftkagftke 
181 emtamvacgh aiggvhsvdf peivgikadp nndtnvpfqk dvssfhngiv teylagtskn 
241 plvasknatf hsdkrifdnd katmkklstk agfnsmcadi ltrmidtvpk svqltpvlea 
301 ydvrpyitel slnnknkihf tgsvrvritn nirdnndlai nliyvgrdgk kvtvptqqvt 
361 fqggtsfgag evfanfefdt tmdakngitk ffiqevkpst katvthdnqk tggykvddtv 
421 lyqlqqscav leklpnaplv vtamvrdara kdaltlrvah kkpvkgsivp rfqtaitnfk 
481 atgkkssgyt gfqaktmfee qstyfdivlg gspasgvqfl tsqampsqcs 

Fusarium graminearum (SEQ ID NO:8) 

1 masatrqfar aatratrngf aiaprqvirq qgrryyssep aqksssawiw ltgaavagga 
61 gyyfygnsas satakvfnps kedyqkvyne iaarleekdd yddgsygpvl vrlawhasgt 

121 ydketgtggs ngatmrfape sdhganagla aardflqpvk ekfpwitysd lwilagvcai 
181 qemlgpaipy rpgrsdrdvs gctpdgrlpd askrqdhlrg ifgrmgfndq eivalsgaha 
241 lgrchtdrsg ysgpwtfspt vltndyfrll veekwqwkkw ngpaqyedks tkslmmlpsd 
301 ialiedkkfk pwvekyakdn daffkdfsnv vlrlfelgvp faqgtenqrw tfkpthqe 

SEQ ID NO: 9 Chlamydomonas eugametos 

MSLFAKLGGREAVEAAVDKFYNKIVADPTVSTYFSNTDMKVQRSKQFAFLAYALGGASE 
WKGKDMRTAHKDLVPHLSDVHFQAVARHLSDTLTELGVPPEDITDAJ'"1AVVASTRTEVLN 
MPQQ 

SEQ ID NO: 10 Tetrahymena pyriformis 

MNKPQTIYEKLGGENAMKAAVPLFYKKVLADERVKHFFKNTDMDHQTKQQTDFLTMLLG 
GPNHYKGKNMTEAHKGMNLQNLHFDAIIENLAATLKELGVTDAVINEAAKVIEHTRKDM 
LGK 
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SEQ ID NO: 11 Parmnecium caudatum 

MSLFEQLGGQAAVQAVTAQFYANIQADATVATFFNGIDMPNQTNKTAAFLCAALGGPNA 
WTGRNLKEVHANMGVSNAQFTTVIGHLRSALTGAGVAAALVEQTVAVAETVRGDVVTV 

SEQ ID NO:12 Aspergillus niger 

MPLTPEQIKIIKATVPVLQEYGTKITTAFYMNMSTVHPELNAVFNTANQVKGHQARALA 
GALFAYASHIDDLGALGPAVELICNKHASLYIQADEYKIVGKYLLEAMKEVLGDACTDD 
ILDAWGAAYWALADIMINREAALYKQSQG 

SEQ ID NO: 13 Zea mays 

MALAEADDGAVVFGEEQEALVLKSWAVMKKDAANLGLRFFLKVFEIAPSAEQMFSFLRD 
SDVPLEKNPKLKTHAMSVFVMTCEAAAQLRKAGKVTVRETTLKRLGATHLRYGVADGHF 
EVTGFALLETIKEALPADMWSLEMKKAWAEAYSQLVAAIKREMKPDA 

SEQ ID NO:14 Oryza sativa subsp. japonica 

MALVEGNNGVSGGAVSFSEEQEALVLKSWAIMKKDSANIGLRFFLKIFEVAPSASQMFS 
FLRNSDVPLEKNPKLKTHAMSVFVMTCEAAAQLRKAGKVTVRDTTLKRLGATHFKYGVG 
DAHFEVTRFALLETIKEAVPVDMWSPAMKSAWSEAYNQLVAAIKQEMKPAE 

SEQ ID NO:15 Arabidopsis thaliana 

MESEGKIVFTEEQEALVVKSWSVMKKNSAELGLKLFIKIFEIAPTTKKMFSFLRDSPIP 
AEQNPKLKPHAMSVFVMCCESAVQLRKTGKVTVRETTLKRLGASHSKYGVVDEHFEVAK 
YALLETIKEAVPEMWSPEMKVAWGQAYDHLVAAIKAEMNLSN 
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SEQ ID NO:16 Pisum sativum 

MGFTDKQEALVNSSWESFKQNLSGNSILFYTIILEKAPAAKGLFSFLKDTAGVEDSPKL 
QAHAEQVFGLVRDSAAQLRTKGEVVLGNATLGAIHVQRGVTDPHFVVVKEALLQTIKKA 
SGNNWSEELNTAWEVAYDGLATAIKKAMT 

SEQ ID NO: 17 Vigna unguiculata 

MVAFSDKQEALVNGAYEAFKANIPKYSVVFYTTILEKAPAAKNLFSFLANGVDATNPKL 
TGHAEKLFGLVRDSAAQLRASGGVVADAALGAVHSQKAVNDAQFVVVKEALVKTLKEAV 
GDKWSDELGTAVELAYDELAAAIKKAY 

SEQ ID NO:18 Bos taurus 

MGLSDGEWQLVLNAWGKVEADVAGHGQEVLIRLFTGHPETLEKFDKFKHLKTEAEMKAS 
EDLKKHGNTVLTALGGILKKKGHHEAEVKHLAESHANKHKIPVKYLEFISDAIIHVLHA 
KHPSDFGADAQAAMSKALELFRNDMAAQYKVLGFHG 

SEQ ID NO:19 Sus scrofa 
MGLSDGEWQLVLNVWGKVEADVAGHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKAS 
EDLKKHGNTVLTALGGILKKKGHHEAELTPLAQSHATKHKIPVKYLEFISEAIIQVLQS 
KH PGDFGADAQGAMSKALELFRNDMAAKYKELGFQG 

SEQ ID NO: 20 Equus caballus 

MGLSDGEWQQVLNVWGKVEADIAGHGQEVLIRLFTGHPETLEKFDKFKHLKTEAEMKAS 
EDLKKHGTVVLTALGGILKKKGHHEAELKPLAQSHATKHKIPIKYLEFISDAIIHVLHS 
KH PGDFGADAQGAMTKALELFRNDIAAKYKELGFQG 

SEQ ID NO: 21 Nicotiana benthamiana 
MSSFTEEQEAL VVKSWDSMKKNAGEWGLKLFLKIFEIAPSAKKLFSFLKDSNVPL 
EQNAKLKPHSKSVFVMTCEAAVQLRKAGKVVVRDSTLKKLGATHFKYGVADE 
HFEVTKF ALLETIKEA VPEMWSVDMKNA WGEAFDQL VNAIKTEMK 

SEQ ID NO: 22 Bacillus subtilis 
MGQSFNAPYEAIGEELLSQL VDTFYERV ASHPLLKPIFPSDLTETARKQKQFLTQY 
LGGPPL YTEEHGHPMLRARHLPFPITNERADA WLSCMKDAMDHVGLEGEIREFL 
FGRLEL TARHMVNQTEAEDRSS 

Case No.: IPR2023-00322 
U.S. Patent No. 10,273,492



 
Motif Exhibit 1039, Page 629 of 1288

WO 2014/110539 PCT/US2014/011361 
5/9 

SEQ ID NO: 23 Corynebacterium glutamicum 

MTTSENFYDSVGGEETFSLIVHRFYEQVPNDDILGPMYPPDDFEGAEQRLKMFLS 
QYWGGPKDYQEQRGHPRLRMRHVNYPIGVTAAERWLQLMSNALDGVDLTAEQ 
REAIWEHMVRAADMLINSNPDPHA 

SEQ ID NO: 24 Synechocystis PCC6803 
MSTL YEKLGGTTA VDLA VDKFYERVLQDDRIKHFFADVDMAKQRAHQKAFLTY 
AFGGTDKYDGRYMREAHKEL VENHGLNGEHFDA V AEDLLATLKEMGVPEDLIA 
EVAAVAGAPAHKRDVLNQ 

SEQ ID NO: 25 Synechococcus sp. PCC 7335 
MDV ALLEKSFEQISPRAIEFSASFYQNLFHHHPELKPLF AETSQTIQEKKLIFSLAAI 
IENLRNPDILQP ALKSLGARHAEVGTIKSHYPL VGQALIETF AEYLAADWTEQLA 
TA WVEA YDVIASTMIEGADNP AA YLEPEL TFYEWLDL YGEESPKVRNAIATL TH 
FHYGEDPQDVQRDSRG 

SEQ ID NO: 26 Nostoc commune 
MSTL YDNIGGQP AIEQVVDELHKRIATDSLLAPVF AGTDMVKQRNHL V AFLAQIF 
EGPKQYGGRPMDKTHAGLNLQQPHFDAIAKHLGERMAVRGVSAENTKAALDR 
VTNMKGAILNK 

SEQ ID NO: 27 Bacillus megaterium 
MREKIHSPYELLGGEHTISKLVDAFYTRVGQHPELAPIFPDNL TETARKQKQFL T 
QYLGGPSL YTEEHGHPMLRARHLPFEITPSRAKAWL TCMHEAMDEINLEGPER 
DEL YHRLIL TAQHMINSPEQTDEKGFSH 
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FIGURE2C 
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Patents; Science Direct; ProQuest; consumable, plant, 'plant protein,' peptide, coacervate, 'food product,' 'meat substitute,' 'sodium 
chloride,' soluble, mayo, beverage 

C. DOCUMENTS CONSIDERED TO BE RELEVANT 

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

X US 3,870,801 (TOMBS, MP) March 11, 1975; abstract; column 1, lines 64-65; column 3, lines 1, 2, 8, 9/1, 9/2, 9/8 
--- 12-13; column 6, lines 20-21; column 8, lines 56-57; column 14, lines 3-5; column 19, lines ----
y 32-34 3-7, 9/3-9/7, 18, 52, 53, 

54/52, 54/53 

y EP 1361264 B1 (TSUBAKI, Ket al.) April 18, 2007; paragraphs [0001), [0029], [0038], [0039), 3-7, 9/3-9/7, 19-21, 
[0044), [0045] 22/20, 22/21, 52, 53, 

54/52, 54/53 

X US 2013/0004617 A1 (ZHANG, Net al.) January 03, 2013; paragraphs (0004], [0006] 17 
- ---
y 18-21, 22/20, 22/21, 53, 

54/53 

□ Further documents are listed in the continuation of Box C. □ 
* Special categories of cited documents: "T' later document published after the international filing date or/eriority 
"A" document defining the general state of the art which is not considered date and not in conflict with the ap£lication but cited to un erstand 

to be of particular relevance the principle or theory underlying e invention 
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be 

filing date considered novel or cannot be considered to involve an inventive 
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone 

cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot ~e special reason (as specified) considered to involve an inventive step when the document 1s 
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination 

means being obvious to a person skilled in the art 
"P" document published prior to the international filing date but later than "&" document member of the same patent family the priority date claimed 

Date of the actual completion of the international search Date of mailing of the international search report 

28 May 2014 (28.05.2014) 1 6JUN 2014 
Name and mailing address of the ISA/US Authorized officer: 

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Shane Thomas 
P.O. Box 1450, Alexandria, Virginia 22313-1450 

PCT Helpdesk: 571-272-4300 
Facsimile No. 571-273-3201 PCT OSP: 571-272-7774 

Case No.: IPR2023-00322 
U.S. Patent No. 10,273,492



 
Motif Exhibit 1039, Page 635 of 1288

INTERNATIONAL SEARCH REPORT International application No. 

PCT/US14/11361 

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 l 7(2)(a) for the following reasons: 

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

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

3. IZJ Claims Nos.: 10-16, 23-27, 40-46, 50, 55-58, 66, 67, 79, 80, 84-90 
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: 

l. □ 

2. □ 

3. □ 

4. IZJ 

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

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of 
additional fees. 

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.: 

No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

Group I: Claims 1-9, 17-22, 52-54 

Remark on Protest □ 
□ 

The additional search fees were accompanied by the applicant's protest and, where applicable, the 
payment of a protest fee. 

□ 

The additional search fees were accompanied by the applicant's protest but the applicable protest 
fee was not paid within the time limit specified in the invitation. 

No protest accompanied the payment of additional search fees. 

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009) 
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This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive 
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid. 

Group I: Claims 1-9, 17-22 and 52-54 are directed toward a consumable product comprising an isolated and purified plant protein, 
wherein the isolated and purified plant protein has (i) a solubility in a solution of at least 25 g/l at a temperature between about 2 
degrees C and about 32 degress C, wherein the solution has a pH between 3 and 8, and has a sodium chloride content of O to 300 mM 
or (ii) a solubility in a solution of at least 1 mg/ml at a temperature of between 90 degrees C and 110 degrees C, wherein the solution 
has a pH between 5 and 8 and has a sodium chloride content of O to 300 mM, and a method of making said consumable product. 

Group II: Claims 28-31, 37-39, 68-70 and 81-83 are directed toward a meat replica comprising a muscle replica, a connective tissue 
replica; an adipose tissue replica, and a coacervate comprising one or more isolated and purified proteins, said adipose tissue replica 
including one or more isolated plant proteins, one or more plant or algal derived oils, optionally a phospholipid, and a three-dimensional 
matrix comprising fibers derived from non-animal sources, wherein said lipid and said protein are dispersed in said three-dimensional 
matrix, and wherein said three-dimensional matrix stabilizes the structure of the adipose tissue replica; and wherein the connective 
tissue replica comprises proteins assembled into fibrous structures by a solution spinning process. 

Group Ill: Claims 32-36 and 61-65 are directed toward a consumable product comprising a cold set gel comprising one or more isolated 
and purified proteins from a non-animal source and a salt, and a method of making said consumable product. 

Group IV: Claims 47-49 are directed toward a consumable product comprising a heme-containing protein and (i) carbon monoxide 
and/or (ii) a nitrite, wherein said consumable product does not comprise meat. 

Group V: Claim 51 is directed toward a consumable product comprising a gelled emulsion, said gelled emulsion comprising: a) an 
isolated and purified protein; b} a first lipid that when not in said consumable product is solid at a selected temperature range; and c) a 
second lipid that when not in said consumable product is liquid at said selected temperature range; wherein the melting temperature of 
the mixture of said first and second lipids is similar to the melting temperature of lipids found in meat, and wherein said first and second 
lipids are plant derived lipids or microbial derived lipids. 

Groups VI+: Claims 59, 60 and SEQ ID NO: 1 are directed toward a method for extending the shelf-life of a meat-free consumable 
product, said method comprising adding a heme-containing protein to said consumable product, wherein said heme containing protein 
oxidizes more slowly than myoglobin under equivalent storage conditions. (SEQ ID NO: 1-27). + type Markush group. 

The method for extending the shelf-life of a meat-free consumable product comprising adding a heme-containing protein to said 
consumable product, wherein said heme containing protein oxidizes more slowly than myoglobin under equivalent storage conditions 
can be searched to the extent that it encompasses a sequence at least 70% identical to SEQ ID NO: 1 (Vigna radiata amino acid 
sequence). Additional sequences will searched upon the payment of additional fees. It is believed that Claims 59 and 60 (in-part) 
encompass this first named invention and thus these daims can be searched, upon appropriate payment, to the extent that they 
encompass SEQ ID NO: 1 (Vigna radiata amino acid sequence). Failure to clearly identify how any paid additional invention fees are to 
be applied to the "+" group(s) may result in only the first claimed invention to be searched/examined. An exemplary election would be 
SEQ ID NO: 2 (Methylacidiphilum infernorum amino acid sequence). 

Groups VII+: Claims 71-73 and SEQ ID NO: 1 are directed toward a method for imparting a beef like flavor to a consumable product, 
including a poultry or fish composition, comprising adding to said consumable composition a heme-containing protein, wherein after 
cooking, a beef-like flavor is imparted to said consumable. 

Group VIII: Claims 74-78 are directed toward a method of making a coacervate, said method comprising: a) acidifying a solution of one 
or more plant proteins to a pH between 3.5 and 5.5, wherein said solution comprises 100 mM or less of sodium chloride; and b) isolating 
said coacervate from said solution. 

Group IX: Claims 91-93 are directed toward methods of minimizing undesirable odors in a composition comprising plant proteins. 

Group X: Claim 94 is directed toward a chocolate flavored spread comprising: a) sugar; b) a chocolate flavoring; and c) a cream fraction 
from a plant based milk. 

Group XI: Claims 95-99 are directed toward a method for altering the texture of a consumable during or after cooking comprising 
incorporating within the consumable one or more plant proteins with a low denaturation temperature. 

Group XII: Claims 100-104 are directed toward tissue replicas comprising a freeze-aligned non-animal protein. 

-***-Continued Within the Next Supplemental Box-***-
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The inventions listed as Groups I-XII do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule 
13.2, they lack the same or corresponding special technical features for the following reasons: the special technical features of Group I 
include isolated and purified plant protein has (i) a solubility in a solution of at least 25 g/L at a temperature between about 2 degrees C 
and about 32 degrees C, wherein the solution has a pH between 3 and 8, and has a sodium chloride content of O to 300 mM or (ii) a 
solubility in a solution of at least 1 mg/ml at a temperature of between 90 degrees C and 110 degrees C, wherein the solution has a pH 
between 5 and 8 and has a sodium chloride content of O to 300 mM, not present in any other groups; the special technical features of 
Group II including a meat replica comprising a muscle replica, a connective tissue replica; an adipose tissue replica, or a coacervate, 
which are not present in any other group; the special technical features of Group Ill including a cold set gel comprising one or more 
isolated and purified proteins from a non-animal source and a salt, which are not present in any other Group; the special technical 
features of Group IV including a consumable product comprising a heme-containing protein and (i) carbon monoxide and/or (ii) a nitrite, 
not present in any other group; the special technical features of Group V including a consumable product comprising a gelled emulsion, 
said gelled emulsion comprising: a) an isolated and purified protein; b) a first lipid that when not in said consumable product is solid at a 
selected temperature range; and c) a second lipid that when not in said consumable product is liquid at said selected temperature range; 
wherein the melting temperature of the mixture of said first and second lipids is similar to the melting temperature of lipids found in meat, 
which are not not present in any other group; the special technical features of Groups VI+ including a method for extending the shelf-life 
of a meat-free consumable product, which are not present in any other group; the special technical features of Groups VII+ including a 
method for imparting a beef like flavor to a consumable product, which are not present in any other group; the special technical features 
of Group VIII including a method of making a coacervate comprising: a) acidifying a solution of one or more plant proteins to a pH 
between 3.5 and 5.5, which are not present in any other group; the special technical features of Group IX including methods of 
minimizing undesirable odors in a composition comprising plant proteins, which are present in any other group; the special technical 
features of Group X including a chocolate flavored spread, which are not present in any other Group; the special technical features of 
Group XI including a method for altering the texture of a consumable, which not present in any other group; the special technical 
features of Group XII including a freeze-aligned non-animal protein. 

Groups I-XII share the technical features including consumables. Groups I, II, V, VIII, IX, X and XI share the technical features including 
plants. Groups I, II, VIII, IX and XI share the technical features including plant proteins. Groups 1-V, VI+, VII+, VIII, IX, XI and XII share 
the technical features including proteins. Groups I, 111, V, VII+, XI and XII share the technical features including temperature. Groups I 
and VIII share the technical features including pH. Groups I, Ill and VIII share the technical features including sodium chloride. Groups 
1-111, VI+, VII+, VIII and XI share the technical features including a method of making a consumable product. Groups II, Ill and XII share 
the technical features including a meat replica. Groups II and VIII share the technical features including a coacervate. Groups II and V 
share the technical features including plant or algal derived oils or lipids. Groups II and V share the technical features comprising an 
emulsion. Groups Ill and V share the technical features including a gel. Groups IV, VI+ and VII+ share the technical features including a 
heme-containing protein. Groups IV and VI+ share the technical features including meat-free products. Groups VI+ and VII+ share the 
technical features including a heme-containing protein comprising a sequence at least 70% identical to any of SEQ ID NOs: 1-27. 

Groups VI+ share the technical features including a method for extending the shelf-life of a meat-free consumable product, said method 
comprising adding a heme-containing protein to said consumable product, wherein said heme containing protein oxidizes more slowly 
than myoglobin under equivalent storage conditions. 

Groups VII+ share the technical features including a method for imparting a beef like flavor to a consumable product, including a poultry 
or fish composition, comprising adding to said consumable composition a heme-containing protein, wherein after cooking. a beef-like 
flavor is imparted to said consumable. 

However, these shared technical features are previously disclosed by WO 2001/015714 A1 (ZLOTKIN) in view of US 2010/0074998 A1 
to Espeleta-Vega et al. (hereinafter 'Espeleta-Vega'), US 2011/0083681 A 1 to Sengupta, et al. (hereinafter 'Sengupta'), the publication 
entitled 'Comparative Analysis Of Autoxidation Of Haemoglobin' by Jensen (hereinafter 'Jensen'), US 4,986,998 A to Yoo, et al. 
(hereinafter 'Yoo') and GenBank Accession AFK42304 by Krishnakumar, et al. (hereinafter 'Krishnakumar'}. 

Zlatkin discloses consumables (compositions including micronutrients (consumables); abstract) including plants (chicory 
fructooligosaccharide (plants); page 11, lines 15-19); proteins (proteins; page 15, lines 20-28); temperature (temperature; page 17, lines 
10-25); a method of making a consumable product (a process for producing a.composition comprising micronutrients (a method of 
making a consumable product); page 8, lines 22-27); plant or algal derived oils or lipids (soybean oil (plant or algal derived oils or lipids); 
page 15, lines 1-4); meat-free products (cereals; purees of fruit, vegetables, milk, yogurt, cottage cheese (meat-free products); page 18, 
lines 1-11 ), and a method for preventing or reducing the discoloration and taste alteration of a food due to the addition of an iron 
compound thereto (a method for preventing or reducing the discoloration and taste alteration of a food due to the addition of an iron 
compound thereto; page 14, lines 21-28). 

Zlatkin does not disclose plant proteins; pH, sodium chloride; a meat replica; a coacervate; an emulsion; a gel; a heme-containing 
protein; a heme-containing protein comprising a sequence at least 70% identical to any of SEQ ID NOs: 1-27; a method for extending 
the shelf-life of a meat-free consumable product, said method comprising adding a heme-containing protein to said consumable product, 
wherein said heme containing protein oxidizes more slowly than myoglobin under equivalent storage conditions; and a method for 
imparting a beef like flavor to a consumable product, including a poultry or fish composition, comprising adding to said consumable 
composition a heme-containing protein, wherein after cooking, a beef-like flavor is imparted to said consumable. 

-•••-continued Within the Next Supplemental Box-•••-
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Espeleta-Vega discloses plant proteins (vegetable protein (plant proteins); abstract), pH (a pH modifier; paragraph [0010]), sodium 
chloride (salt {sodium chloride); paragraph (0038]), a meat replica (substitute meat food product (a meat replica); abstract); an emulsion 
(an emulsion; paragraph [0011]); a gel (a gel; paragraph [00111). 

Sengupta discloses a process for preparing coacervate gel particles comprising plant materials including proteins (a process for 
preparing coacervate gel particles comprising plant materials including proteins; paragraph [0015]). 

Jensen discloses a heme-containing protein (hemoglobin; abstract) wherein the oxidation of hemoglobin and myoglobin is significantly 
slower than free heme (oxidation of hemoglobin and myoglobin is significantly slower than free heme; page 2029, column 1, paragraph 
2), and wherein the oxidation of tetrameric hemoglobin is significantly slower than either monomeric hemoglobin or myoglobin (wherein 
the oxidation of tetrameric hemoglobin is significantly slower than either monomeric hemoglobin or myoglobin; page 2030, column 1, 
paragraph 1 ). 

Yoo discloses a method for imparting (flavoring {imparting); abstract) a beef (cow (beef); column 4, lines 26-32) like flavor to a 
consumable product (flavor to a consumable product; abstract, column 2, lines 49-50), comprising adding to said consumable 
composition a heme-containing protein (comprising adding to said consumable a powdered blood product (comprising adding to said 
consumable composition a heme-containing protein); abstract), wherein after cooking, a beef-like flavor is imparted to said consumable 
(providing a meat-like flavor (beef-like flavor is imparted to said consumable); column 3, lines 1-6). 

Krishnakumar discloses a heme-containing protein comprising a sequence at least 70% identical to SEQ ID NO: 1 (a globin (a 
heme-containing protein comprising a sequence at least 70% identical to SEQ ID NO: 1 ); page 1 ). 

It would have been obvious to a person of ordinary skill in the art, at the time of the invention, to have modified the disclosure of Zlatkin 
by combining the consumable disclosed by Zlatkin with a meat replica, such as that disclosed by Espeleta-Vega, for providing the 
micronutrients in the consumable in a form acceptable to a consumer, such as in a meat replica, for enhancing the nutrient content of a 
meat replica, particularly the iron content of said replica, providing the previous disclosure of Zlatkin. Also, it would have been obvious to 
a person of ordinary skill in the art, at the time of the invention, to have modified the disclosure of Zlotkin regarding 
micronutrient-comprising consumables with the coacervate preparation process of Sengupta, for enabling the preparation of particulates 
comprising the micronutrients disclosed by Zlotkin using a plant polysaccharide, such as pectin, as disclosed by Sengupta, for providing 
micronutrients in a consumable and easily digestible form to enable a consumer to absorb the nutrients. Furthermore, it would have 
been obvious to a person of ordinary skill in the art, at the time of the invention, to have modified the disclosure of Zlatkin, for including 
the use of hemoglobin in preference to free iron or other forms of iron, in order to provide the iron to the consumer in a biologically useful 
form and oxidation state. Moreover, it would have been obvious to a person of ordinary skill in the art, at the time of the invention, to 
have therefore modified the disclosure of Zlatkin, for providing a method for extending the shelf-life of a meat-free consumable product, 
such as the consumables disclosed by Zlatkin, said method comprising adding a heme-containing protein to said consumable product, 
wherein said heme containing protein oxidizes more slowly than myoglobin under equivalent storage conditions, such as adding 
hemoglobin, based on the disclosure of Jensen that tetrameric hemoglobin oxidizes more slowly than other forms of heme-containing 
proteins. Also, it would have been obvious to a person of ordinary skill in the art to have modified the disclosure of Zlatkin, for including 
a meat-like flavoring including an iron-containing protein based on the disclosure of Yoo, in order to provide a beef-like flavor to a 
consumable food, including a poultry or fish composition, to provide a beef-flavored product not containing beef, but with lower fat, such 
as a consumable comprising a plant protein, fish, or poultry protein. Finally, it would have been obvious to a person of ordinary skill in 
the art, at the time of the invention, to have modified the disclosure of Zlatkin regarding micronutrient-comprising consumables 
comprising iron, for including a plant-based iron-comprising proteins, such as the globin disclosed by Krishnakumar, in order to provide 
iron from non-animal sources having high absorbability and utilization by a consumer. 

Since none of the special technical features of the Groups I-XII inventions is found in more than one of the inventions, and since all of 
the shared technical features are previously disclosed by a combination of the Zlotkin, Espeleta-Vega, Sengupta, Jensen, Yoo and 
Krishnakumar references, unity of invention is lacking. 
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1ir.,e !\1,1it _ tifJ!J morall:s (or later; wm apply eve~ if no demand is filed within 19 rht)nths. for dttaLls ~tla.'.<11Hh~ applicable iim~ 
li,;sii~; 011iiok by Ollie•;. ~e~\ WWW. '"''fl(), iot/pt:1/ir(lttxts/h(ht_lirnit£.htrnl nnd !ht Per ,4pph<Wil's GiJili<e, N8hrnial Cli~fl\m. 
\Vi.thii1 H) il)t)ii-\h~ h"!i;~ lht {>rior.lty dlit<l, l!i:e app:lkanl may nq11e!<t tbal B liUpple1ile:11tilry i11~er11iltfonBI iil\ll!"d! Ile tarti~ll 
~ml by-~ d-lffr:tcii! !im~rr,,,tir;i,i,! S-~~rd,;:;.,& ,'\.utlmi"ily tha11. offer, thi~ ~er"ite {Ruk 45bid), Tf,c ~>iocedui•¢ for i·,;;q,ie,!ii,:cl 
&upplcm~nla;y imernational s<ii!rch i$ d~swibc<i irnht FC'f Applit.'@F:; Guid<!, lilltm<itionil:l Phase, pm-awaphs 1Wtl6•8,0J2 

Niuiw ~ml m.i:i!illg ,;ddtelis 9f1\w !SAi 
103.il S1-0p,P0'1'. P.llilil~<V$ 
cOmm.i~s~~~,.. ft'::if P3t~:ms . 
P.o •a.:;~ MW. Ma~ailtiria, Vi1,g;r11a nn:,, i-~~!:l rcr ,ill!~, ,n,m.,;~,., 

,.__F_a~_:s_1111_,i_·1e_N_,)_, _:;~'"', 1_·,n_,'"'"~._:~_20~1~~~~~------.,...,..,....,,.,.,,.,,....,...~..,...---T.,.e_J_cp_b_o_,1_c.,.N.,.o ___ . P,,CT 6,,r: $tn,2-"im 

Ft,l'f'n f'CT!!SA/44!) (.h)ly 2014} 
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I> A TENT COOJJERA'l'ION TREATY 

PCT 
INU:RNATIONAt SEARCH IttPORT 

(PCT Article l 8 and Rules 43 and 44) · 

~e Form PCT/l}':.An20 Applicam ;:s or agent's tile tefetence 

367570009W01 
FOR FURTHER 

ACTION !l'i well as, where applir-ahle,.i!em cS hefow, 

International itpptii:mion Nu, 

PCTJUS 'l4/55227 

Appfo::ant 
!MPOSSil;!lE moos iNC, 

lntt!l'nation{j;J fillng tlate (daylmonthi)'ltar) 

11 Septemtiel' 2014 (11.09,2014) 

(Earliest) Pdotily Dare fdayl..>nonth/year} 

11 Septern!l'ef 20-1:3 {11,0tl :2013) 

This i11temmio11<1l search report n<1s been prepared by this lntema,ltm;i:l Sear~hh:ig Autlwrhy anti is iransmim~ 10 the ;ipp.llcant 
accoi'di~g to A11idt.c I it A <:opy is befog lrnn:smitted to the fotema1iona! Bm:c@, 

This Tmerriati(1na;I ,;,:mrdi rcpt•rt <::,m,si:sis of a totl'lf ():f _J_ .~heei,, 

D l.1 is .als.oaccomp;mit:d by a copy ofeach prior art ifo<:um<;1nt cit~-d in this rqitJrt 

l. Ba~is ofthe report 

a, With reg11rd m the l;mg11agii. the in1.errui1ianal 5:i:_!:i1ri.:n w,is cii,rri~(i out ,m thf, bn~i5 M'. 

jg] 1he ifllematlorml app!kaiforsin tht, !angua~ in which h w:as filed. 

b. □ 

~- ~ 

□ a !rar:~la,loct t1ftl1e imtmati()nal appHcathm fo{O ------------- Which is lhe langu~git of 
n translation furnished for the p1n-poi,es of imermlliomil ~t!lirth (Rules 12,3(a) ;md 23,1 (h)J 

Thi~ in!.en-m\1Qm1l s.e;i.rd1 rtport hll~ hee.;.i e,.;tlibH~hed taking into ac:cpunl the re.1:tilkatl<i:11 of M obv/ll!lS mi~t;ikt 
authorized liy i)r notified 10 this Atntmrit)' um.ierRule ~tl (Rule 43.6bis(a)). 

2. lZJ CH!iih1 d:uim~ wert fo1md uns!:'ard1abk(see8oxNo. H} 

J: ~ Unit)" oflnvtiiti!m i~ htekh1g (:s.e.e Bm,. No. Hl), 

4, W'i,h regl:i!'d to the title, 

IZJi th~ te;i;t i,; apprnvt>d 11, sutimi.~ed by !he app1ie;3J1t; 

0 the ltKi !J~1 been c&tabhshcd by this Aµihi:!rity 10.r;.;ad ns fullows. 

S With rc.gard to !he ab~tnu:t, 

·IRJ the 1e,q i, iippro~ed !J:5i snhm.it\.\ld hy the app!ica,1t. 

□ 1he tt"'il has been c:.tabHshe<l,.,Krnfdhig to Rule 33,!, hy lhiS: Authority~ i, llppcm, ln Bax NI), !V. The i:lpplli::.ai1t 
may, within w1e month from the tli.te ufro~l ling of this ifltemalimial seardi report, sutrnii t collil:ner1ts w tl1i~ t\,Hhqrity, 

6. \;Vilh rillgard lO tlitdrawi~gs, 

a. th,:: Hg.tire pf th~ !lnh1i'it1gs (o be pµbli,hed ,.;,•,th th~ nMtra('..t is Pigurc No .. , . ..., ~~-~ 

D as sug:ge~(.,-d by !h;: tipplii;um 

0 as se!eiJed hy H\i:; Authority, be<:au~e the ap.plitant fulled to f,ugg;esl a figure. 

0 afsdectcd by thi~ Authority, be<:ausc thi, figure bctlen;haractctitt$. the iflvention, 

b, [XI• O~liC oftfie !l.gutes is to he pubHsbe:d w llh die J.'ibst:tan, 

Case No.: IPR2023-00322 
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PCT/US 14l55227 

l. ~Vhh regard io ,my m,;.cleotide 11ndibr amino ad<! sequence disckise1$ in the .inf¢.maiion-al app:li~atlon, the interrmtionil search wa~ 
carried t;ri! ◊Jl the ha:,it of a ~eqiren\'1-e Hsling !Hed ~,r fumi-;ihed: 

iL (m~an&} 

0 (m pape;F 

•IXI in e!ec1ro11ie fom:i 

b: Wme) 
~-

2, □ 

□ 
D 

if! tiic fnt~rrnltim:1al application as filed 

uiget(wt wilh !he intematiimill applieatloti in electro1ik form 

s1Jbsequently to thls Authotfty fot the pun>.oses of ;1e11rch 

In addilion, in. ttii:' t.tSe thill more diat, one veriioii or rnpy ,.,fa seqU¢nt;; fo;;ing l1as k1::11 flied or fwnhhcd, ,he r:e:q(iirtd 
stal..:m>,mls !hat lhe informini◊u ln the subseql.lem or addhionai copies is. id0:1nliclll 10 Hlill. in ,he applicatkm ?~ fikd or does 
nt,l go beyoad .the app[ication as filed; as appropriaw, wen fomished. 

3, Additional (:(lfnlllctl\S:c 

Ger.Core ver. 64.1 se:o !ON~: 1, 4,. ~3. 36, 55 

Case No.: IPR2023-00322 
U.S. Patent No. 10,273,492



 
Motif Exhibit 1039, Page 642 of 1288

INTERNATJONAL SEARcCH JUWD.ltt lr;tern.i,tional app!it:atlon No. 

PCTlUS 14t55i121 

Thi:, iri!enmtlom! search rep<iri has not bwn estab:lisiled ln re-spec!. of cemiin claims un<let Article 17(.'i){a) for the following reasi:li'ls: 

L D ClaimsNos.: 
b:e<;m1sc.they rdme to s,ibjctt matter not r~ulred to be searched ii)' this A.~thilrit)', t;llmd)'; 

2 .. □ ... Cl.;i.fam 'Nt)s;: 
b,::e:au"c lhey .relllcle to pll:rts of tht intctrmtiom1I apptfa:atirnx Jhlll clo not :;:,imply with the pri:~t,ribed reqt1ire.ment~ .t(J s\ic,h an 
extem iharna metmlngfll! inteniatfonal: search can be carried out, spetlf!c~Uy: 

Claimrc Nor,.: ~~9, n.~1a, is, 26, ~1., n, 3.i\39,.4'.M7,. 54 
h1,,~att~c !h;;:.y are dtpimdent :::!uim~ and are not dr;ifkd in aecordmic;;:. wltb the sectmd and third ,~t'lltcnc.cs of RHle 6A(a} 

This jmemationa! Set1rch_ing Author_ ity_ found rm.1ltip!e itwer1tions if! ,his ifll~mati<-llllil ap:pli.;alioo, u~ fol law~.: 
...,.~,pJeai,e go lo Extra Sh.mt for Bo:< NO. m..... . 

L O A~ 'a!i required addiliatm! search fees were timely paict by the aµpliC."l,lll;; !his MtemtitioiiaJ :search .rep◊n covers ii!I searcctu1b!e 
;;:taims, · 

;r, D A~ llU stmrchai>tc: cluim:s cqi.iid be searnhed with<M effon Justlfyirig ;,.ctd11i◊nal fee~, ihh /\u!iloi:'hy did iwt invil~ payment uf 
a<ldidomil fee&c 

:t D !\, . .inly sun:ui ofthr,i. rcq\:frM ad.diiiomi:l search fee.s were timely p.i,i.d by 1.he ~pplii;:ai11, lhl~ in,e.maiinr,ai ~e;iH;}l report i::l)ver~ 
only 1;hesc•cfaim!> for l"<'Mc:h fi,'c.~ ;,v~rc pa,1d, specifk:.i.Hy dalms Nos:: ' 

4. !ZJ•, Nu f'.l:qulreci additional seari;h fr<".swcre timely paid!)y the applkar..t Cnn,~qu¢mly, tbi,; in1ef!lation1:1l sellrch report h 
· · restfkted to the iiwe11tlon llr,~ meptim1ed in ~he claims; h is coverni,l by tluim)l Nos.: 

Claims t-4 ,. 33-36: and 49,.53 

0 
D 
O' 

Thi: acldilioria! scarlih foe:$ were l'i¢C!iropa11icd by tht appllcilnl'~ protest and, whfrc iipplkahl:t\ !he 
pa:yrotmt o:f a pr<:>t~si ft:i:, 
The arlditir:mi,! sr.iirch foes wet<:: a¢io11ir,MMd b): the !lpplicant' $ prnie:,t h1.1l ih~ .ipp!lt,)h!i protcsi 
fee was not. paid wilh!.i, tM !im,:: ilmi1 :spt.-.:.ificd in the ihvitatioli., 

Nb pn11;~s.ta{;t:ompaoied the p.aym<'!t1t pfal!dili,iiial s~rch foc1:~. 

Case No.: IPR2023-00322 
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INTERNATIONAL SEAJlCH REPORT 

A.. CLA;SStflCA'nON Of SUBJECT MATWR 

fot~mafon,3! apphc?.tl(m No, 

PCliUS 14/$1)~21 

IPC(8}. C12P 21i04; C12P 2tl06; Ci2N 1::>11.10; C12f'<i 1120{20'15.01) 
CPC ~- C07K231$M: C12Ni'5J7S --

/-..:ccmUng ta lntemll'll:0nal Palen, C!;,.,'>1;.i.fic:ali,>n (IPC) m to tmlh .national cta~sl:ficaticm i>nd !PC 

DOCl:lmeJ:JMlion search;;d nther than minimum d~~utmlnli1fam to the extent th~l such documents are included in the fields sear~hed 
CPC-. Ctl1K2:m~102; Ct:2N 1$17'~ {ti:l>-1 Sl?aft:t\} 
USPC: 435ifill.1, f.l£"7, 32(H 252Jt 252,31; 5361.23.4.(text search) 

Elecironie d11ta t,ase ~,m:uhecl cl11ring the hitematlnni!'I ~ea:rcch (rmme ,;:if darn ha»;;= ,ifj~, where practic.alJle, ~~ten terms us~): 
E!ectronlc data tiarei,: Ps!Base: Google Scnolar; Google PatMts;: GenCme $&(lt.ieflce :i;tiaroti (AA} 
Se~rc.h te,ms: h~me-car1ta!n!ng po!ypep!We, vetilor, signal ar l~i3der esequenc:e. HhHag ar affinity tag, secreti-oo, pe1iplasmk: spate=.or c:ell 
mediun\ B, s,iotl!!s, g!otiin, cY1octirotnll 

C. POClJMENTSCON-SJ!)EREDTO HE RELEVANT 

Relevant to claim No, 

tOM;)ER et aL f'roowclion and preliminary c!Jaracteritation of a rewrrtbinar1t trihema 49,52 
cytot.hr,1me c.(7} fmm Geotlaciet sulimred=ni, kd.:sd1e1ichl,Hos. Bkichem Biophys Ada 'I h .. *· . • ... 

y Juiy 2M2 Vol 1554 N(; 3 Pages .202•,m. t;spedal!y _pg 204. fig 1 and fig :z, w 205 coi 1· para 1, ·1-4, 33<l$, 53 
Nl 206 -col 1 Nita 1, pg 206 co! 2 para 3-4. · 

y WU et at.. Efficient procvctiorr of a flmciional si11g1e.ct,ain 11ntidlg;;:,i.:1n ;;,nlibtJt'ly vis =Bn eoglneerM 1-4 
Bacl!lus subtl!is exprn,sslm1,-settetl◊n systeri1. Bioliet}mOk.i~}' (NY) J<1nv<1ry 19SJ Voi 'I 'I NQ1 
f>:a~s 11-76. !::s:pec:ialiy at.,strnq:, pg 76 fig 11:l 

y 

y 

D 
· Speci!lJ wtcgork~ ;_)f cll:ed clbcum:cnu: 

"A" dQ~umi;:ntt)e.linh1g th~ g.~ra-,rnl ~hlte llf ti'ie ~rt which is not c,msidered 
to t>e of particular n:!i:viin~t" 
~a-diet il:j)p-li~mion P! p~~:nl l>uql'l!b!isrn:d op.or 11,ll<:ttht intcmaticn~l 
fifing di!~ 
ct9cllme~t wh1~~ may lhro,1' !!aub!S on prloiity cl~im{sJ or whicll is 
C!(Cd If) establish th¢ p-~l!l1c~hon ,!:ale ot 3ill3\~f Cll&Mn (lf othef 
!ipeci ~i ,e~so1i ( ,r; s p~-<: i 11e,I) 
dlJ¢t1n1e11i refening w Rf! oraf di~cioilnre, us~_, exhibiii<:m or 01!:tcr 
nw~ns 
;J,ic.1,rnmiqmbfahed prior to the in1c:m1~tit..,nal fitfrig tlale hut l~fonlJllf\ 
the prl<)fily _date dai:,ued 

Name :mil rn!llHng ~~dress l,)fthe isAilJS 
Mail $t;i:p PCT, Affn; ISAliJS,. C<:immisslonedor P~nents 
f',0.0Box. 1450, Alexandri;:1, Virgini~ li3l3-149Q 
Facsimile No. 571-27J-a;w1 

□ 
"T'' 1.it~r document pJ;J~li~hed afwrlhe intern3lk,nll! fmng dmc ofprioiity 

date __ 11,:id nN i11 c.:im1ict wilh rli~ ~pp!i~arion. bu1 cMd w 11mfers.tand 
the !>dm.:iple or u1.:ory umlcrlymg !lit i1w~ntk1-n 

"X' dOe1J!i11?iit i),f p,1fti(lulm re!evanci:: tbe cfairrn:d iilvfmirnHaiimii be 
coreiid~t~d n!lv~! or cann!li tie. consid~i~d l!l i1wol1'C an i11,,w.tiye 
~!ep when fu;: -dn-.:cumem iiliiken aJoM · 

"Y" dt,(;.umem of parti;.uiar rcl~vMce: the chilm~d itw~Mitm c~mn)l be 
®Mi de.red to involve -~!l lt1venti11e ,11:p= when int:_ llocument _ l~ 
ti:11:n!)ir:ied ,•1th ml<' lJr n,CT(f; l;itll.,.r~u~h d~ui:n~ni,, $\tC!I ¢ombi1'l;ltilln 
be int; ooyfou~ ,-;:. ~- person Jkilltd in !he art 

"&" do~u,ue!1! mmim:t ,1f !J1e ~ame patei1t foro,ly 

20 M_AR 2015 

i't;; HQ!p\lw.l<: Si1..i.r,;..i;it,Ki 
PCT.-0.Sl".: W'Hn,?H4 

l.ee W Young 

Case No.: IPR2023-00322 
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lmcnm\iclf.litl app!it.ilion N(J. 

PCTlt)S 1415$221 

This applii;allilil contain~. too following invetiiloms or groups of lnvenlltms whith .are no! so linked as 10 !Ol"ltl a $ingle ge!'ler~I fnv~ntive 
wncept@rler PCT Rule ·i 3. 1. In order for all inventiO!'l$ to oo examined, the ;;ipproprisite additf<.\riei e:•::amlnation fees must be paid. 

G,owp t C!l3.ims 14, 3$-36 l3.nd 4g,53, drawn ta a re.comt~r,~n! bactefimn cell colpab!e of imcreting C/3 heme>containing polypeplid-e, said 
i;al! cpmpr~ing at le$$! one exogenous nucle'k: ~clo, s~id al(ogeno,n n..icie\c acid OOf!:1Pri$1ng first ,mo imcori<J nvcielc <lCld sequences, 
wherein said first nucielc ackl sequence encodes: a slgm11 peptide aM s.a!d seronct nucfeJc acid sequence encodes a Mm•.Honlalnlng 
pa!ypi;plllIB., wherein miid first and seroM iiuooit acid i,equem:es are op6tal:>!y ltnkect to produce a fusion peil)•peptide comptis!hg said 
5ign.1I peptidff Md ~id h&.me•c:antaining polypep!ioe. Compositions cf Group i may spem!fically contaio ~ vector ef1~/ng .saii:j 
(l;,;09(<nous riuc:!t;!!t; a<;J(js (i;l.g, c;laims ~l3, 49). 

Gwup fl; Cl~ims. 10-~2 and 55{i7; drnvm to a. mettiod !or p,oo,,cfr19 a t1eme.conli3!t1ing poltP8Ptlde, said met.hod {X)tripr!,sing etiftuflng a 
rerot:nbinanl bacterium t-ell in a. cu!iure mecivh'l. tirider t.";/ldlli<;.>r1s that allow said tiem-e/4.'or1ialnlt19 ;,olypeptide to be swretect k11.<.., sai<J 
i',;iiure mi'3jj1vrn, said reoomb!m.ml bacteriJ.Jm ce.!l compn$1r19 at !ea.sl one. eiogenws nucleic acid, said exogenous tmde!c acid 
COffipMslng first afl{:l second rti~lsm ~d \l,Bquencres;, wtierek'l &aid first nwleic oldd se:quen@ encodes a signal pepllde and said secomi 
nucleic aci~ se,quencn encode;; ;3 !,EffflEl-Cl?n:tainlr,9 polypeptide, wtu1rein sai-q !'ir5l ,;md sec:omt nucleic ~,:;i~ 'Sequence~ ~re OPii'ral:!IY 
linked to produce a M,i® poiypeptide compris.ing $ai<.! s!gr1ai pep\¾ie ars:! Will tierne-cootairiirig polypepti-d€), and wt1-ere1r1 1ipon 
secrellon cf said !usion p-olypeptioe m:im seid ce11 into Wfd c1,111ure rnc.:Jiurn, S!lfd $i{Jnar f¼!p!i<!e is rcmo:.'oo trom said 11emr.H;o11~1n111g 
polypepllde. 

Group lit Claims 19,24, drawr1 to <1· ra@mbiriant plant or i:,lanl cell prodwdl'lQ a tmrn,,Hxliitaini:n~ polyl)eptkie, said plant con~rising at 
least !Joe el(ogenous. oudeic .add em::oding a h~me-,~"i..lr1taining p-0!ypeµUde, Whereit1 sale plam: Qr plant cell Is from a species olher than 
M~¢1:;3n;a1, 

Group IV: Cl<l!tf\s 27•30, dt<'lwn to~ mett\oo of proctucing <3 t1:eme-contai<1in9 ;,o1¥p;3pticJe, ss:ld method comprising g@wlng a· 
racombioal'lt plant, scald teoomt.ilr:am plant ~.:imprl$ing .at !easi one <iiXorJenous t1u~"1eic acid encoding said hemrN;O!,lalning po!ypeptid.e. 
Whern In $!lid 
plan! ies f~m.a llep&cies otMtltiart Nlcallana, and purlf),1ng satd Mme-containing porypaptk:le from a !issue tlfsa.ld plant 

Qm1.Jp V: 0;31ms 40,42, 48 anil 5(HO, ctrcawn l◊ aoomposiiion ccmprisil'lg; 
{a) ,"I purifi~~ heme-containing p,::,!ypep-tide; and · . . 
(b) a norhriatvrally oocumn~ compOm'mt of a rott>rnbiOMt Ba-cmi;;, ce!! or a r.ecomti,ria.nt plant twll other th;;in a. Nicoliana p!ar1~ 00,1. 1n 
certain Group V compo~iiions {e.g" daitn ~), the oompo.sition is a purifloo fli-slOn polypeptide oompr!Sing; 
(~) a her,re,wn!.aining polypeptide; .anrl . 
(h)atag. 

The irwenti<.1ns !lsted a$ Gmvps 1.v do ntl\ r~late. lo a $\ngle general inventive concept uooer PCT R1.Jle 13.1 because, \JtWe.r PCT Rule 
1.3.2, they l:atk the. same Qr correspor;r;ling speCl(lf 1e<::hnic.3J features fw 100 following reasons; 

Speci.il Technical Features: 

Grovp;; 1., m a:id V ha\/8 !he spat:la! ier.:onh::a! feature of ooing oornposrtrons, not r!'3ql!ire;;J PY Gra1;1p:; H or lV 

Gmups 11 aM !V ha.ye. tt1:1;3 special tecl'1n1ea1 lootufe of bll!119 metnodii, flOt ret1uinro PY Grpups I, I 11, V. 

Group I has the special \e-chnit;il featu~ of being a reco.mtiirmm bacterium t:BH cap.eb!e of of secre,iing a ha!l'11Honta!11!11g PQlypepMe. 
not r~q~1ii"ed 0)' GrOUPf.; IU or V, 

Group m has the special technic<1I fe~ture of being .a !t½i'.imb:ina:it plan! or plan\ eel! producing a heme'-C'o-'ltalnin(t ~olypeplide, no! 
required by Groups I or V. 

GtP!JPV ha~ the special .t.ech:i!ca! f8<.!tute t.<l being a @mpo!lifa)t1 oomp1is:1ng $11 isolate<~ $nd p,itl!\ed ner,1tH~ont.ainih9 pQly-pep!ide 3J'Jd 
isolat~<l .ind purified a noo-tiaturn11y occurring compone11i [e.~. signal peptide Of l?fsl of a iecomb11)ant 6l)CillU$ @II onue.oomt,ln~nt 
plan! -call omer lhan si Nicousinij plant cell; nc! rnqJ.Jired t;Y Gr-:,ups ! or m. 

Gr®p H has t11e sr,@clal tcchnic;,l teab,Jte of ooing: a me\hod of proouc:1n(l 3 heme•contalning poiy~pticte in a bacterh.ut1, l/\,1'ere tM 
heme-conlairiing polypeptide i~ part of a tµsi<:in protein !Ml is secreted from !he bacteriwn\ not r.equired by Group IV, 

Group IV has the special technical ltmtvre of being a melhbct of producing a heme-containing PQlypepW.le !11 a recombinant plMt wnere 
tr10 heme--r;o,'<t1"!lnin~ polypepllde i~ 001. ;secreied aM is purified fr~ni a p!an! !issu!.l, nottequirnd by Gtoup IL 
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INTERNATIUNAL StARCl-1 REPORl' l;1\~rn(ltixmal app!icntioo No. 

PCtlUS :4f5522:7 

Common Tecl1nical Fealures,,: 

t G.rovps Pl si:1.ire the cormr,on tecbnical feature of a hernfN'1)nlainitig po!yr:.,ei::tlioo t!r a nucie:ic adi> ,;;11t"-Ocling iiak! heflie-rontaining 
polypepUde . 

. 2. Groups f and H snare lhe common technical feature of a recombirtanl bac;terium for producing a hem~•roniaining ~iypepti~e., >.¥!)ere 
said bactefiwm comprises first ancl rerond nudek acid $,Jquences, wherein. said firm nud;:itc ado sequence e!'ICOdE>cs ,Hig,~al peplkle 
and sakl second tttJdek: i'ld.d sequence encod!;!s a Mm&-e<J!)\.ainiM fA'llyWPUde, wherein said !lrst and sl.:'1.x>r,o ni.lciek: acid seqll(ll")Ci?!i­
are or,arably linked to prO>:iuce a ftrsiori polypeptide c◊rr.p.1isit19 sakl signal peptiw and said heme-comainir.g: polypeplli:!e, and wherBrn 
!he t1stmMion.iaitj1n9 polypeptide ls secrelsd .. ·. 

3, ,Srowps U! and IV $~re tha CQrrtffion l!lctinicai 1e;:iwra cf 1;3 !,rnn$geni~ pl1m1, comprt-,ing a.t least one e~ogenous nuclaii;; acid e.'<cM1r1g 
a herne-t:ont\3inlng .polypeptide, wherein s<1io plant or p!ar.t oofl ls. l:t0rn a species omw them N!coll?OO, · 

However said commpn lsotm!cal features !'Jo not reprn~ent a CQnl'iblJ:tion o·ti,ir the prior art;. and are ol:ivkma c;Vm- tM p!Jb!fcation lllllld 
0Ptodl.ic!ion and !'.lrell-mlmir)' cfoiracleritatioh ai a retombinartt trihetne .cytoc:hmme c(7} from Geobader su!furreducen$ in Em:herichia 
ooli" !>1• LONOER (:le! al. {he:reinafl& "Lorn:!er'') (BiQchem ~ioµhys Ada i Ju,y 2002 Vol 1$54 No;., f>agt!s 102~211J, ltl \ii,:-,w of lhe 
r,1,b!1~atiqn \j!lecl ''Efficient productlor, of .a lufl;;;tii;,nal singie,.()h!!lfl an!l\'.ligoxin antibzy.'jy via an er1gi'rleeretl ~-acil!us S\-!btms express.iqn, 
secrntio11 sy,:;tern• t::,y WU et al .. (herein$!l,ar "W\J''} [f;io1Tsc1mo!QSY (NY)Janva~ rns3 Y.-)1 11 N.:;14 P~gtis 71•76) io further vi~w Qt' US 
200S/t)Q535~$ Af lo GE!GEN~l:=.RGER $\.aL {111i!re1nafter ''G~ig!;mberger"). 

CQl1Ct'fr;fr,g common tech11lcal f9at1Jres # 1; !.-or,,;,lst teachei a heme:-rnntair1lng PQMleptid:a or si nuc~tc ticid encotj.i11g .sa\U n.irne­
conta101ng po!ypept\qe (absln:l¢t: We ci<Jr'l!l</. the ~e tor cy!.octJrome c7 am; e;;pres.s.ad ii in E;sctierichfa ,x.sil t;;;gettter 'With IM 
q,toc:hrome ,; m,ituratl~n gen~ du~ter, c:.cmABC:O!;FGti, on a ~pllnite plasmid .. We da~lgne¢ two cons.tru,;:ts, with.and. wi\hpi.;t afl N, 
terminal Hl~Hag, To\:!. @tagge<:I version prov!d~::I a 9oc;•;j yielo (up to 6 mgl! c;<f aerntiic: utlture) c:.f !he fully maturnq pm\ai11; wrm ;!!II !Nee 
h~l11QS attacnell, wnl11l !!)e N-lefftllfl<ll Hls.-tag al'.)~aroo to t,e ct11ttl'menta! for proper heme incorpora~on, fh!3 rnt<.;cymbinant pm\ein 
(uritaggect) l:S properly foldeq, it h;ls \tre sam!;l molecular weigh! af\d displays th£! s,3me ab:Sofptlc,m spe,:;va, ~tl1 ir. reovc?\'.I ~nct !r, 
o~idl,,-:el't forms., e$ me protein j:Solated from I.~. ;.1,!1f~J'!'t)ducens'') 

CQ/'HWming common 1ec:t1n1m1l llli'l!ure t/2, L<inder teaches a recombinant b;J;ct.erium for prodwing a heme"'~t1!i'1inin:9 .polypept,di 
(abstract), wtvere said ba(;-tent1m oomprh,es fltst and sewritl n,1;cltlic ii!dd sequet1C~$, wne~!n 1:,u1d first nu.c1eic .acid SeQlJC~ tlnc()(jes a 
sign-'li. peplii;le and said t:e,.xmt!. ni;clek acid sequerice enee:des a nerne..conta!ri!r,g polypeptide wt1arein s.a,<:1 nr,i~ and seoorict nwc;e;e 
acid scequeMeii are opmably !Inked tt1 p«iduce a fcuiiion polypel)tide comimsing Siilki stgnal peptide a.M sald tieme.oontainlr'ig 
polypepl1cle {pg 206 col 2 para :M;. ''Anather oor1slrucl wa-s designed b<'tsect on vector pASK40; .a pUC derivative !3SJ, This vett...-,r 
feawN,?s 1he lac promoter and OmpA le;,:,-;Jerooquenoes .arid ha~ been used in our !ab for e:xpresskm of a!'.ltlbody light ci'iain 
frs1grrwnts [, .. J this constn,;c.t named pi;'.:K32 pm«i.;;JmJ e~mssia:m of a pol,ypeptide cof.lslslihg of llle OmpA leader. 
se(luf.ltl(,~ arid the rria!ute.cytoc:hriliY,e sequeni;.:e. The pr.oteiri produced 1n ~lra;n HM125 was purified in 
two 1,1,11jot steps: first, U1t1. perip!.lsmii,. !rsi.ction !'-'as tso!~te<:J by Q$ITJO\ic .s11oci\"; pg 2Q5 fig 2-vector cotis\ruGt indicaleo) t,m,der furtiler 
tea£;Hes !hat ttia hems--1_1lnl'afning polypep\ioo i!l s®'eter,! into !he. extt.acellul.ar peripl.asrnic spat;e (pg 200 cor 2 para 4: Th~ ptoteio 
prodwcoo Jn s:tram HM125 W.ispurmao iii two majon,tepi,; firs!, tile pedpfa!smlc fr,n;;tii?n ,.,,,as i59J;3:te,:/ tiy1;1$1110ljc shock,,. Th,;: protein l$ 
basic; tl'!.erefore, far i::,urifi<:atian lt was applied 10 High S cauoo el<-chari~ rel.lln l;lt pH Si~ ~fltl elu!oo with a NcaC! g~dien! Tile e!vlh:m 
proftte is shown in Fig,. 5. [ . .,J Tt1f.l proiein cont:eiilrallon for ea.ctr fracii,on dmem1foed .b)I the Brnofon;t melh!Xl, ii,. cqmpan;id wilt, the hem!:l 
c.a11temr<c1Uon measured by abso$ance of !he roouced protein at 552 nm in Tao!e ·1 ··: pg 208 T'<!Dlill 1 ). LomW does. ti.ot spacif:cany 
leach sec.nilion into ~e culture meqium. wniro, in fi:!Ct, fa kMWn in the art NOT to occur in gram 1,egaUve nos\ bacter,a such as E, oo!i, 
as was ,isml PY !.onder Wu teilcMs sei:;retion Qt a rncomti.mam ptotein :1110 the ~u11ure rrn:ii:lium using gtarn positive host 1:¼ci!lus 
subtilis: "We have. appHe;:i a S:.acil!us s1..·otWs expi:esS1on-secretIon system ta produce a l\.lm:ti◊rta! amii:llgt:i;,:i11 SCA {Singieechilin anllb!XJY 
cottSlS!li1!;! <If VL,!inki:!r-\lH} ,;m(l !ht; lmilYldll~I \'/i!(iatile ®mains o! lig.h! {\il) and hB?V'{ {VH)cnaifls. The secreted anpdig,,:»<ir. SCA Pm 
tie af!kiity purified in one step ey appl)!fog the culture .supeml:)lan\ dirt;c;lly to a i:mabaln-SepliMO&e t:tlltJ/1111. N-terrnin;31 i;;!'lqu~n.-;e 
qet~rtnii1,3tiart k1cli~ted th.at the prt:t!eit1 ha$ the e-xpedetl N•te(winu;; wilh the sign;.! pepti<!e properly proressed .At!imty and li9<1nd 
s;pe.clllcity &ttJ(lles oe,monsitrl3tec! lhi3l the et1girieernd anlicligoxifl SCA has aimo,sl ldei)tical pi'opeir1\es .as thaw <:c,! !M parental moi1otlorial 
MtlpQdy. The vse o( B .. subtll.is WB!;!CO, an englne,iared, slx"extracellu!at prolease-<leficteot liID:11n; i's vile! for ttie productim1 of ari!ldigo:i:in 
SCA In. high q,,.,11/ty an(l qu.,irtliiy (5 mgilaenn a stlaKe fl;3sk culllJ~). if,\I the secreted SCAs ~re tiia!agic:ally active'), Atl artisi:ln of 
ordinary. sklll ln the M. wouI0 have rac9:9nt2.ed tflatit woµld have ooen obvious lo have. tnM ta us.e to the aacmus s:ubti!is recombinant 
expr~as!on systt<m of \t,/.1) to eiq:irass \he hem0c-cofl\aining pro!ein ta:ughl by Lo11/.:ler in order to enable sm:relion inti:> \he culture meolum. 
wl\h the .e)(pecia\ipn of .iJ, resisoni:lble prtlbability ot i,1,,i:;:i;ess sl!id Without untlue effan, 

Cpnoeming cpmmon iechnicai fe.sl!Jre #:S, Geigenbl3rgef teactms a ,ransgf.lnic plar.t compnl>irlQ at ieati one exogenou;s t1ucia10 acio 
t:rici,:«:ling,. a t1eri,1M;ontaining .µolypep!ide (para [00'1 i'>D<ilS]; '' hemajlobin° or leqhefi'K.lglob1n, arid helnog!otiin ai1pressing tmo1slorrned 
plants an, emp:10~0 in ttw method acc-:Jrding to lM trwentioli !or rno~ifying the s1oragf:l. reserve c-011tent ir"I p{Ml!:1. Acoord!n91~, !he 
present irweniion also reItiies t◊ teghemog!ab1n- aridi'or he1t,ogk:itlitH.i~prass111g tri:11)sfurmei:1 pJants and lo t11eit l:lse, 1oorn1 In 
accor(l;3nce with the irwenlio!i., .Mrilogiobir; ia Wndenitooo M mo<MYing iron(ll) oornplexes of prot-op-orphyrm": para f0066F TM inverilicm 
furthermore relates 10 a ni,cieollde sei:iuent:e as s!iown in ife(lue11ee Ho. 'l codit19 ror leghernogiotiin lot uoo in a plant anti a 
cone~onding ijene stmciute or vector aM thein,~e tot transfom:ling a plant Wiih the invention"}. ;<,<f~etein &aid plant or plant cell ls frorn 
a speciP-s other lhari Nicotiana (para l0054J0 Espedall)I preferred are futier .. prooucing plants. in parlicu!ar potato plants, or seed, 
prorludrig plaots, in particular Arebii:iopsfa t\'ialiam, oilseed rape ar si;r;beM'').. 
., ... ....;,~,-,r-0n!in1Jea on next sheet"',~ 

.. 
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JN't'ERNAtIO:NALSEAROI REPO~T lf!lenmtfrm11l i.ppli~tion No. 

PCTlUS 14/552:27 

Ar. tria common ~ehnlcal feature was known k; the art at the lime of ·1!1t; invention, they canmt oo considered as commcm i:;pecial 
tectm!cal fe.a1mes lhal woi.Jld atherwlse uoify th.'3 gmwpll, The lrwentions lack unity with one another, 

T\IE,mslor~, Gt"{ll.i!)S I-V lack unity of hwenti0(1 1Jnder PCT Rule: 13 because they do not snar<l a t1ame or cc,rre®onding speeia! tll:Chriical 
fe:.ilure. · · 

Nole,. Clairns-&-9; 1M!U/5, 2:6, 31. 32, 37-39, 43•47, 54 are multjp!e detienctoo! claims and.are- held. urisearcMtie because- ln.ev are 
not drafted ~CCQr<iing t.J the sm;sQoo a.ml thirc~ sermmces of PCT Rute S.4{a). · 
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PA'rltN't COO:PJ<:RATlONTREATY 

Frolll\lii; 
lNTERNAT!ONAt SEARCHlNfJ AUTHORITY 

• To: MONICA MCCORMICK GRAHAM PCT 
FISH & RICHARDSON P.C, 
P.0, BOX 1022 
MINNEAPOLIS, MN 55440.1022 WR!TTE'NOPINJON or THE 

INTERNATtONAL SI".ARCH !1'10 AUTHORITY 

{PCi Ruk 43M1. l) 

........,..:· 
Dau, dmai!in:g 20 MAR 2015 .(dayfnwmhl)'i!c,r/ 

~ ; ; . .-.~:~ .. 
Appht!MXl.'s w ns,ei\l's !i)e r~f~r~m;e fOR FURTH ER ACrtON 
3816 700091/1/0'1 s~e parngmph ;; x!ow 

.... 

l'rtll;r'n~tiWl:al ~pf,l(,;3!\on No. ln)ern>)!i(:JM! filing dale t<iayimMthr'year,i t Pffority date {d«Jhmri{hiytor) 

PCT /US 141:55227 11 September 2014 (11..0fl,2014) j 11 September 2013 (11 . 09. 2.013) 

i.ntem11ti<;~~l f'~ltnt Class:i/lt'?ti(,n ('l?q or bt\ih llatii:ma! ¢1,t~~ifi..;atit>t\ i;d lPC 
IPqe) • C12P 21/04; C12P 21/06; c12N 1~/00; c·rnN 1/20 (2015.01) 
CPC, CWK 2319101;. C1ZN 15175 
App!ic;itit IMPOSSIBLE FOODS INC. 

Prio111y 

N,:m~sSt~ blishmcnt of op i:r,.i1.m \<.·f!h .:m§,ard ti., .t,oyel·fy, .iiwe~ti ve iit~p ai~d indus1nal app!icl\bil 1w 

Lack of u111ty >if in\'cn.<lou 

Rtasq1w;l .~ra.tclJ1cnt "'!ldl':r Rt.,!~ •tl'li~ 1 (a)(i) wit~ nigard to r,oveli:y, iiwenfo'e ~tep ◊r mclu.strial applicability: 
cMfion:i ~mi ci<r,l!matjons ,upf!Orlingi.'llth st~~mt!\l 

D {1,1x l>ki. V! f':c:rh,it1 do<.:talitnis r:ited 

D Sox No. Vll C~,~iii <!:elects fr1 tile 1mem~li.on~l applkc;i1fon 

Dl l:k>x i-fo. vm Q:,itain cil;,$~fva,im1~ mi ~he intema1\onal app!ic;;tilln 

2, fflR'l'HERAC::llON 
If a ,;l¢i,1a1id !°Qr i1i1einailohal pn:hn;,ir,ary iii{;imiiintim, i" m~de, .this t1pinimi will lx: ronsidm,d to~=~• wflu,m t!pfoiil~ Dflhc 
lmcmational J.~liniimiry Examining .A~tlmdty. ('.'lf>EA ") .ei,;ccpHhat !hl:, @c$ Mt &!,'ply wheN: !Jic ~ppl1cant ~!w,Jl!e,~ ,11\ AWhoroty 
otner thWI. 11\is i:lnt to l;,t; (l1e lf'EA a1,l11J1c cl'l,1.~en WEA ll.:!!l lJOt!iieci tl1~ lnterna1iom11 Burtau <1ndei' R;;.1le 66. i /:>i,(b! lba.t Written 
opfru6ns oftrus hil~mtiti.:mal S<:~n.0niris Aunwritywill r..Q\ ii~ si'l Mil1>icttr~d, · · · · 

lflhis t)pinfon i,, as provided aM\'C, ,:om;ider:ed to he a writlen opiAfon of tJi,: !PfA, ~he spp!icm<! i;; 11)vitcd to Submit Ii:/ lb IPE . .-\ 
u wrilien 't'pty toi:;t:lk<, whim= appropriate, with amcndi1.1cnts. b~fofe ,he e.~pirali;i11 llf ~ m.:mih~ lh:;m th~ ,Jaie pf.i11a.ilit'&.ofF;;;m 
PCTllSAf22{l or t;efo,e the expirau,1n ,;,f 22: m-Of!th$ from th-e.. pricyrity date, whi,-ncver expires !at~t 

for furth>'t 9f1tion,, s~~ F'-1,m PC,'.T!lSAi12{L 

Nnmt; a,\d ,nailinll; addre$!< M lfWIS,\lt!ii Oate. ◊f <i1,r,wJe1ion of !his opiiii.on 
t,4ail Stop f'CT . .l\!t« .. 1$/\Ml 

it"';::t1/~~~~! V,ajiro,.; 2:,~13•14sc 02 Marci1 2015 (02,03,2015) 

f'.l~t,~il~ NQ. 57H7H201 

Au1:1crfa.ed oflker: 

lee w. Yot,11g 

P'C'f ·H"'~,;ioso/ ~l 1"27l,•,W 
~t OOP; e:rf,tn:,:1rt-~ 
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WfWf1'tN OYINlQN 01" THE 
l!'I/H'.~NATION,\!. SMRC:Hl:NG AllTHOl-UTY 

\. With r~~HI w lhe t~nguaga, this L)pini,;m h~~ b.~ll ~s,abfo!Jed mi ilie b~si£ (l{ 

[El 

□ a trnn&lation <:1fihe intemMi(l;i.il ~t)pli;i.'<tl(>r, im.o .. , -"'---~----------------~" : wl:\foh i.s rhe limg.u~1,1t or a 
lrnnslatfon !\.;m(shed for t.ne P\l:,:POse~ ofi~\ernational se~rch (Rwf~s 12: :J{a) :tM H. l(b)). 

Tb is <J~ 111km hill be1;n ~s!ablish1o'.i !~ki n.g int,·ntc<Junt th c n:-c1Uk:;mon of u II uln-fous mhtnke autlwriz~d- bv o.r M!i fied 
to this Authority ondcr Ruic 91 {Rule 4)M. l(a)) ' 

!. Willi ri;gard to any 11tj.dtMide andfor 1-illl·ill'!I Mrd st-qllelKt di~cl0:s~-•:l' frs ihe lnten1atir,-h~l ~pplka!it)n, th,li ,1pini:,,n h~, heer, 
c~rnt,li.~hcd on the basi~ vr;; ;;;:que1Jc~ foring flkd ot fun1i~hed: 

,.s. (rn.~~n-~ l 

0 ,:i1l papct 

!8J i-n electtonic form 

h. {time) 

!ZJ in 1ht, iniem;:itkw~l ~pplkmfori l:1$. fikil 

0 l1)g~th1<r with lh¢ ,ntt,n~1i,J,;i:!l 11pf)!.i(;iitit1.n fo e)ewo;1it, form 

D sub,equemly 10 iliis A1:i1hod1y for ihe putpQ~es t•f~~ardi 

4. 0 ru J,tlil,i ioa, \11 the cMe. J.b~\ more ihan ◊!te ver!lron ,1r m)py d ~ seqi,-.:i.ce lisiint hll~ been filed N forni~hcd, ihe required 
statemenis thai the mformalfon in the sub~equent or ~ddiiional topit>S: is iiW:itfoar ti! 1.h-ii!. hi {he il:P~;fic~!it>!'\ ·iiS. l1k~ <)r 
!l<i~s not (lU b.\!')•O!id 1h1: &j1p!1'.:.ili1111 ~s fiii:il. ~s sppi"opdi!l1l, wtr(l fotni,;.h!l~, 

:;. A.!ciitim;r~! cummeni:;: 
Ga~Ccre vor fE:4:1 SEQ 10 NOs; ·1, 4, JJ, JS, !iS 
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'\-VRl'TT£N Of!~'ION OFTHE­
fNi:l:11.NATl{)NAL StA.~CHING AUTHOR.ITV 

ltrt,:tnmiornil 11ppi:i~a1km No. 
~:mus 141ss-i.n 

' Tht ,11iestfoJl.s wh~thcor thf, daimed iti;/e:ni,)i\ ~ppe,ir~ tn ht mwel, !l'.l iiwo!ve an inv~niivt si,ep (!o be l,◊H clivio1:1~)_ Hr to be ii,(l,wia:rty 
ap,plicsb!eh;;,:;: Ml beene>.:amined illre,peci of: 
0 theentfre intemmh,na! a1,1ph.il1,lcloi,. 

\ZI dnim~ N-c:-s 5-9; U, 18, 26. Z(>, 31 32. 37 ,,,,1s. 43'47, 54 

!vi 
~ !hie d<:icdp1iw1, di.Urns /}f ilrn.wings (tnci/i.Y/l!i' p(ini(.·ulw i.'N:me/i!t Mlmf) ()f ~~id dJ;iirM Nt}S. ---$.<l:<:> b~km-

>lil'<'. so urrclear th.at r,,:;.meanin-!l,fo! opink,n c<H.1ld bt: formtd /rpe.t-(/j•): 

Claims 5-9,. H-18, 2r,, w, :n ,. JZ, :.!7,j9,. 4:i-,i.7, 54 ;::re rnuitipis; dependent dalmnnd .ire ·held unsea(cl'\abl<l: tw<.:ause !hey m~ r1<:.1\ 
<'#a!teti ;.•C¼rding \1;i, !he $!;!¢1.'\l)d :and ihird S,()~e,f,,~a:; ol !-'CT Hlli!l tlA\ll}. 

IZJ no int~matiomil sc,r;;h r~rt l\3/i ht-en ¢1;tablished fof ~,iid chii,,!c Nt,i; -~tl'. 1~·l!i. 2li 2:6, 3\ ~, J~:i,9, 43-,!,~1.,...'"~s,i~-~-,,. 

0 a mean:lngful opinion .:milcl nol be fonm::d Witht,\itthc ~.:(j1l¢µce !i~!irig; th~ ~pflkam did m.,t; Wlthin lhc .µ,e-si:rim:,d tillit h1ni · 

D h,tpi;;h a S«j1.settce lisiiiig on p~r,;;:r: complying with the ~landanl. pr6vi~~d f<,lci ir. AmJe:>: C c-r u1e Administr~rivc 
l1isi:rut:t1ons. @sl 3vch !isling Wllt rwt a,<lli!~hl,i in the !ttt,;c;n&tit)nal .Searching Aol,hbi'uy fr, a form am! ma:nnw::reptable 

□ 
□ 

ltlil 

fu.rnrsh a ~eqHcll~ fo1ir1g in ~kcmmk f<lrm wmpl)'ing ,;,,(th thz iumdarrJ 1un'i'iik4 for i1t Ari.r.e"' t o!' tl,t, ,\ilrttii!i~ti;llh' 
!m,tm~t,,,,1s,. am! ~uch fo1.ing, wa, 1mt available l>J ili:e lii~ccmalfon<1l Seo,,hir,1,:. AutlMlt}' in a foc"fu ro.1d onann<is;;ccpl~~k 
l"h 
pi,y th~ r~q11iiil!l !~,~ tum,~1i!\g ~e for H;e tumishing. era i;.,q(;enc~ !;sthig, m r~sp,ous,;: ,0 :,n invitation irndcr 
R~!i:! Diet.! fol odb). 
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W.IUTTEN OPINION Ofi THE 
INTERNATIONAL SEARCHING A l.l'T'HORlTY 

l, ~ !h rcsimMe to the i1witatiort (Fol'.111 PCT/ISA/206) tn p.iy a.d.d.itional fo~~ ttW llpplicimt hru;; within i:11,:; *PPhcallk tim<j liitlit 

0 paid lldtJl!i(ID,:il fi:t& 

0 p!lid addit:i(Jnal fi!es \lf!d~ ptt1les1 an<I, whei:e applic!!blC, tile ptoie~t !~e. 

D p_~id additimr;;l filts un:det protest b»Hli:e ilf:'f.;li,;~hle prntest fe.:: wit~ r,o! 1,.1\d. 

IZJ fl~t paid addi1i-0nill fe,::s 

2. 0 Thl5 Authority found that the requir~ment of unity nf inveriti<m i, nm compiled wi1.li ;mil di.we r,m 1<.< ir,l'ile 1t.~ appljc!!1<\ \ti 
pa.y addMonsl fee~, 

J. TM: A1.1.1'1.<l!'ity.cc11s.;.~f~ tli111 the r<:qilitt~n~lil ;;f!;mlty ofinwnti(m fo M,t-rd~ntc wilh Ruk !3.1, D.2an<J BJ b 

0 eompfi~-d with. 

~j no\ ,:c"iip\ied wiill l\:,r i~e fol].owi!\g re~wns: 
1his applic.:.1io11 contaim, ltln- fo!lowln9 irw1mlioos w grm1ps ot lrMmtioni, which am nt,t sq liri"i<ed as to form :;,: sinl)I~ g1cmm,.1 invll1,1,,,.,. 
Ct)Mept Ul'iq<iJ PCT Rl,Jt.-,; 1 ~-1- In- Clii•Wfor ,\~ itWllrit><:,ni, lo bi:> <l'l!<.lrtiim,;I, the ,,pp$(;ril),!j) M~ili'or•;it ~ail,k1a.~or, Teli'~ tm.1~\ t><,q)a'!l, 

Group i :. Claims 1-A, :,J.3:5 and 49'-5.3:, d-rawn 1;:; a r;,;:x,rnbi nant be®rium celi ,::;apablll ,;if secr:etirig ;$ Mrri-:,:,<;tlntainir~~ 1,1:il(f!->eplitle, said 
c,;11 comprislng 1:11 least one 1.1¼,;;ger,',iw:!; rn.m1llfo acid, \,aid aw9en"i;;~ nuc~lta:ci!l tomprising fifst and serond Mci~iC ad,f seque11Co'i8, 
wherefn said first n1.1cl!lic acid seq®t1w efY'.00¢& a i,igna\l)eptitle and sii!li ~nd fµ.icleie ;,,i:;ia s.:iqwt1t$ eric~ .a Mme -comai!iing 
p,~,!ypeptit.le, wner,;;!ri said !ltlit.mi.l s-econd n\.!i:::l~ic ,.R~d seq"enc'JS' aftl oper<l'&iy iin~ed to pro<.liJ':e a fusk:,t> roiypei:,ti;,'lic ~on:,pris.11g sa.id 
signal peplid,;, m::~~ imid l1&110--con!e1r,lt11) ;10typi:,ptide. C"'mp,-~ti011s ,::<f Gm1.1p I rn.:iy ~pecifi:i:ally ,:;m,tain a ve"ltlr enc:od·iJ:19 ll>)kl 
exo9er,11us: n~'l::l\fiC a¢k:I.'>- (e.g. c!aimr, 33, 4~}. 

Group ii.: Clain1s ,i.v,2 and 55-57, dra.w11 fr, a, m.itho-ct ltir pmduc:in~ ;;i 11;,rni,,,;:om:ainfnil polypeP!lcit- .. ~aid meitto,;! tomprisii",g culh.lt!"r.:)l a 
1ecQ1'1Jbir,,m1 bacie>itim eel! in a i;t1ll,!,re- f!l!iidli-!tri i:J!'>!;!¢r ,;:o;idWoris thal allow s.ai!f h,~me-uonta ir.ii m~- i:J<)l:,·pepll!l,;: tsi tie secre¼,d ir,to si:ii>l 
l:ll/ltl1re meel.i<1!l\ sai(l r~rumpi!'laa\ baclllril;!m tt!II c<Jil'lptit!.in:g. at !~;;~I qne e:>:O<JBtl<i\ls ~ud~k: i'lcici, said exOQi;Mus mn:.i~ic Bcid 
ctimp,isititi nrsl an(J se~m~ 111,!.'Clei,, a~ld sequem::'!ls. wiwrein s.:ai(l !\r:si r.l.Or:lei~ ,ioo seql.01:<m;,e em:o:d<as;; ~ignai pi3ptlde anq sriid s!lcorn;J 
nucfefo acid ,;e,::tlJl"lf!f<e encodes 13 hil:m1:1-,:o!\tainin9 poiypeptide, wherein s;,ii~ f(ts! eM ':i!lflQn.li ni/dai,;:; m,k/ se9\Jem:® are, op,;,,..,!;il¥ lmke(j 
to. prctduce, a fos100 Pflf>'!)epli!:lc wmpris.ing ~id sig/<ai peptide Md sa.id he~on~iniflg. p,;lypsp\id:e. <)rid \>itfera\n i:Jp<in &~ciel!on Q! 
si.lld Milon pqjyf>ilplld~ tfum s.akl ceR into s;M ~ult<.in;, rne:oi1Jm, ~~id ,sf~nal pep!i,:.I~ ls n:irno';,,_J fror,i ~ald hem:e-c:x:,i11;;iir1ing P<liypepo<le., 

Gwp !fL Ck:1irn,; 1!Hi'4, ~WWf! loo r(J(X)mU!M!~lplai!t ,iii Pl@rll !!all prorJi;cing 3 tiem!"3-Cl'.<r.li;i'lirig poi_l!pepti(l:e_ li!:;id plant c001prisi!1g tit 
.f~i;.~t one; 1.1~o~enov,s n!J~eic ~dcl enco:<liiig il- hi.ll"'lr!l-cr;;n\aifiir,9 pt.iypeplkle, w.hemh sF.ili! plan,()' rJl:.;i,1 cei! Is lit:im a. species t,ther. ttian 
Mco!iarm 

Orr.o1Jr, .!V; Clalms. :2T-3U, diawn \c .~ m!lltiod cf ptoous:ingc a hemll-cc<111aining polypepti!:1/.> .. fxi.ki m.e!l100 Wr~f)rls:i1iggrowlng a ret,'ilfl'lt;(nat\t 
plant ~aid rii!i;t1111birmm. plant ,~ompiising .;:,t lea&\ oo,a s~g.,;,'1-i;u& nucl>'!lc acid Emcodii:ig said heme-o~til.i.lmir.1). p<i,ypeptide, wherein 5.1:lli:l 
µ!Mt ;~ !i"om B ~,,e~ olner l!is111 tsi(:otilci~. w1P: p~rifying $<1ill h,,111(H"'!ltair1in9 ~!ypep!ido ft;;im ,i. t,ss~ of &ai.d pfant. 

Group Y: Cl~lms 40:A2. 48.a'.tld ~a-.00, drawo lo .a col'l\p;:i:,W◊n cprnpfl!lir11,r 
(a) ;; puiifi~d" hcenie-~ontaii1ir!f} pQlypep@:e: alid . . . 
!b) a r1r.oil,i>a1ur~i1y om:l,Jfl'1t.i:9 c(lr;ip;;.m(irit <Jf "1 rnttiml):iria;;i. aa,~ill!JS ¢s;1 or a re:c-0liitii~ai1l planl &/.!! other than a t<1le<:iliilri.i plaT'l.u::;:;lt tn 
C!l-1fah1 Group V ctmiw:r,ition'.l {e,9., t-:1.!im 56). the cofllpi.i~ltion l;,.; p~rifted!u~lon polyj,,ipti<la ,'f-1mptiii!,19, 
{a} a herna-c;onl..:,in\n•;J pt;.\ylX'!)-tide; ~n-:l 
{b}atag. · 

"Th~ irwer\tio<J:S llste-d" a:s GmwP.~ l·V <lo no! re!alil to.~. single ger1i;r.il in,'tahtive cot1c)(;p! under r•CT fii.llir tu bflcs>;c;,1.\ •-!:f"li.!et PCT flul!!. 
n.;., tlley isc~ the' same or co<i'es.ptm:d!n~ s~cil:11 lii!dir1ii:31 fiml!JfllS tor the Mlowin-; reas,;if\s: 

4, Ccins~~'tHb·\ ibi~ Gp.iilior1 h~"'$ 'l)ce.'i fS<$bht.ll,~d iri r~•p~ti of the ft,i1ov,i11,g ptu-i~ -ol't/'i¢ int~tr.imiontil ar,pl/c;itiwr 

0 &Hps:rts. 

LEJ tl!t: l}<lr!f;r,;faijne, \fJ d?:n)" 'N\1!!. 1-4,3'3,®,,Jc.,::i:--~5~3-----~--~ .. ~ .... ·-,~---~•,=--=~-
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Reaszyii~d 'illitNmtnt t1!!-dtr Rulti43bis,!(a)(I} with t~itrd fu nuv~tiy, inventh'e i.!tp;;ir i11d11~trtul applic~!}i1icy; 
drnli1Jns ~nd npla11aUonSSufljl1lrHng s1~tb S!l:ltcim:nt 

2: Cii»lion, and expla:nlltkm,-. 

Clitilll~ 
C!a;,m.-; 

Claims 

Claims 

C!iim~ 

Claims 

Claims 4!i, 52 !l.l~l< no~1#fy under- PCT Art!~~e 33(2) asc being an~cipal&l.l t,y the p\1tl!ication tilled "Produ1.;Uon ar,<J: preliminary 
charndl!l1izaUon of a recomi:iii'.ia!\t trlheme cyt'X~iflitr1a c(7) Mm $eol)a¢!~f §Ulfi1m,ctuc@ij :in Ez:.cherid1ia. ooll" by l◊NOER et a!. 

: {hereinafter 'londer"), 

YRS 
NO 

YfS 
NO 

YES 

NO 

I 
Aldo.·. i;lainl 49, ~-<>r1daf!s,.;;,_:fi«. ~ @ Y"". to. r (P\l 2 .. 04 f,g 1; vedo. r pCHJJ) t:1.>1.,:f)r.i(>ing a. µt~ynuu!B.mit.:J,, s.aqL.·<e. ncB encnd.~. 1:9 a hrsrrie-mn. taiiiiriQ: 
polypeptide {pg :W<i fig t: nucleh:e-m::id en,.,-,,;:),Jing the 9,ine lm maime irihem.i c)ll<.ld1r,;1m;·c7 i;1 '11(,C\or pCH33) a 51gnai p~ptide /pg :!CM fig 
1; pa!A ~lgnal p~ll® in ¥13-Ctpr pCH<!~i and a lag {pg 204 ng 1 ; &.-1-!;s 1asl, wh"lt<lii'.i f.!:spres'.lio11 oi the pol~'riu:i;;leood"l 
seqt>e1«,1, !h " h(l!J;! c11II prudi)Ce$ a fusir,,,1 p~tein ta;o,11air1ln9 s:aid ~1!'<oi1:~;.,:;oi1ta;n1r,:9 
pof,,l)ilplide, said .,ignal peplid:e. and sa;d 1a9 (!,19 :2QS.t,;1 'I ;IBIB t 'The ce~& w&e h<ir-'l.i&teo, tesus;:,er,dl.id ;;; E;~t,~lori,Wasl; t,,Jller 
{QIOOt\"f,h; 50 mM sediwm phosphate, pH 7.il, JOO mM N:~(::I) With $0 roM lmidaz.ola W:d then di\ltt>pl!,ll'.j ~l'f soni~non. Th.e St;petna~nt 
~~-W cer,1,rif\lgf,llioo (20-25 min, 25000 x g, 4G) was i,.itiad onto T/\LON relil11 \Cl«nl!il&:h) {i.e. C!:•l!.imn to purii'; oia his lll!Jl 
ei>:,i:lropt)l;)f'<,li<:c:;li!)I IJ!,lf/!l prol&if! wa;, 1,j<,11,f;!,:i wllh tt;<, $E!.m:e !}l.iffs,t ct1ntaif!iYRj HlP .i,ir,l imilla~f>.ls'} 

. Alo. t,r, ,;;iajn) 50, J,,;m()er further teaeMll: tM.itsaid t,3g is an affiril!Y tag (pg ·204 fig 1.: His tag; pg 200 ool t para l"'' tne His"81firnt>' tag was 
ii1!em1ed to 1::ic~llaio lt<o pu1J:1lc.3!!J:,1, wot;,:ciu.r~) · · · 

As lo t:ll31m 5 t lof!def furlhllr l!li';l >:l(lffif)N$l3S a 6-hriltidihU liJg (pg i<:)4 !1g l; pg zoe t-ol l !)'3nl 1). 

A.s 10 ,;!aim !,:;!, Lt)ntfoi fu.rtoor te<1i;!he& \hat \h~ i.i!g l.1.detac!Bble (Oil ~ms c0:1 l p~m 1J 

l:ci:airns 1-2 l;ick il:r. lri<>snttVI:! step ,mdetPCl Artid~ 33(3) ar,<.jiming ol),,-i;:;us ove, Lt1iJd~r, •n view o! the f>i.,bl~,;i'lion Jiij5(l ''Etr.~ienl 
pr\'J\JU\oito.fi t)f a !l..,nc1iori.ii :,jngle-ct".!lif! anti:dig.-»:irl ahtibody 'Ii.a ar'I nr:i.gmoerod S ,1,;iJFws s ubt;ns e~pre:;sion-secrei1,:ii1 &y\ll!:lf!'i" t>y WU el el 
(tu,reinafler "WV") · 

AS. It"> (:l~im 1. LcJniret tliaciie& ;i reoombiMnt bat.te:i4m wll capaol~ ol Jsec/elfn,;i, into the wtipiasmic spaoe] e ~el'li!l....,'Of1laini'ig 
~o~<pepfo:fo (abslract "vW (;Iott~ !ha 9.ana !':(Jr cy\oro111n1r, c7 ~mj m1pn~ssod ,1 ,n Escnoficr,1a coli lQgt:llwr witri ll:l!l tytoctlfon'w.i -~ 
maturiitkm gi.lilll ~kisie,. ccmABCDEFGH, Oh a saP<!t,iJ~ p1gsn1ict:we <ma!!J!'i-W !1.'lll tvnstru,;;s, y,ith afi<i willt\out 3ii N.termlna; His•t.lg. 
Tt•~ <.111l»9fi1>d v!'!t'sion pc,-;vid~ ;i !JOC'd yie;d (up le 8 moll or aerobic cultvre) or lhe fully matu<'ed piatei<,; with at: ilifl!l!l.hemes a!iaduicl f.,.J 
Toil te«lnili!nant prote;n (tmlamie\l}i~ i:imP!lrly k>loed, jr has t!"ir. S<1J11;1 ro{l!e~ul;i1 W\'lighl an(l <ii~plays lhe same ab~orptioo s.~ira, b!JtlJ 
in roduced .and in l.lKidizoo lotm~. as the protein i~tilE!tsld ti:om G: .. ~t11ft1rrectucerti>"l, \ii.lid cell ~ornorisi,19 ::ii lO;l$~! 01~ e)mg,;w,~,s nucleii, 
,:;i,'1¢, ,;a.i(l exog~µs mJc!eie (!l;id ~rising ~rs\ aM sl'l,Md nui::feic acid sequ<lri~s, whlite1:11. sai<i fiflil nuci;ii¢ aci<i m!flimhc;i @c/,.;da\l .a 
lllJlll<ll peptide. a,,ct :;,iid ,;e,::u,ii~. nµ<:;leic ~kl ~<iqt1e11<c.a ai,rndm,, a hflrr,rs,r,;or,talni;,g r,r,iy~oc>ptiifo, wha••* i»iid flfS.t .arid iiocond nucleic i3dd 
l,\>•~wi,sn,:es are operab!), liril<ed to produce a Mlon polYJlllP!ide t:omprisin,;, said fllgmil i,epij\Je end ~-~id MriJe•cu1.1ti,inir1g pa:;ilfp!lPti,;le tPS 
2:(lfJ col 2 para 3-4; 'Another construct was des1grmd ba;,i,/.1 ,:iM vactoi pASKil(), a 1J:UC d~rlvativ~ (~], Tt11s vettodaatur!ls th1. lac 
}'{Qmqter ii.rid Oml).t,; 11.,;,¢1or scq,,an~as :,mJ ti,% bMn. u&ed \n tii.lt ;.w foi e~p,esJi:iM or :on\iw!:ly !ighl wi>ln fragments ("J l'tils con~1r;;;:.t 
Hilrned pCl<32 pr,1vioed e$N111s!<in p! a w!Yr><!p\ide (~nliii;,i11ij ()! th\'! QmpA !ea(l<;1 ,,i;;q1J,ir1te a,)tj the mature cytQchrar.w w!;:1,J¢11(;e The. 
-pml!llf! prol'luced in :l!i.iin HM125 Willi pudf.ed it two maj.:ir i;lr;ps:, ti.rs!, lt1j, p0r1pl<1:srnic tra,:;tiqiH<i$s ,~ol~el'l bypsmotic!ihoo;:k'; pg ZOS 11g 
l•veotor constrl!ct 111dlcated), l.,i:moor tvrtiier teactie1S !Ml lhe he,-ne-co/ltlilltiing poly'/ler:,Me •il s:ecretec irw;i tti~• fl=<trac¢llular perip!!3!.mic 
~P;,i!."-' (P!} ~® t,-rJl: '.(. !)<lft• 4-, T~,_, prvlsi!i:µioot1>;ad inStrl"lifi. HMH!S 'II-as fmrified tn !\<it~ maj,ir s!l?fJ:5: llrst, the pi?ripfoM,iC fnidlon ~,ls 
h;olaied by osmoiic shoti,;, Ttit1 pr,:iieifl is ba~ic, therefore. fur pu,r;fk;aoonit wa1H1ppr1ed to H'igh S ~tk'>n ei«itiMge re$frl ,..t pH 8.$ and 
e!\llcc with .i NaCl grai:iillnt. trio elution prof.la 1s s!lown h f'ig, it. {,..,p:1:111 prnl>~in c.cnc;;,ri.t;$110n tor e>ach trac\1t1n d0t0imir,;i<:l by 111,;, 
1'lrl\id~rd method, is ci:imp;,ml'! witti thi, hemi, coocemration me.i~ure-, oy ab<>ot'biJn,;e oHhe reduced p,·,:,mln at 55?: nm in Tab!e 1 ''; pg 206: 
Tiit?le 1) .. b~i!(far ~ ri,,t spfit;lffcal!y. t,;,,1¢l1 ~~;~ti;;;n ;i,tn tha wlt•..sre rn~tfai<n. whk:ri_ in fad, is ~Mwll irt me mi NOT to MG~, ir1 gram 
1111g~live hoisl l.lii,.;terfo, S\JCI. ~ca E, @Ii. llll Wf.!S us\i!,l b,y Looder, fciiiim j _CMl!t1!Jf.)dj , 
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In c~se the ~pllft in any of lhe pntedlng hllxes I!; not 1.uffk!Mt, 
Contin~amin ,)f 

Box IV--3 (l.;,:k of Utl)ty oi invimrion} 

~ial Technk:a! Femurtis' 

PCT/US 1<!/55227 

Gro1Jp1>.l, ill ami V ti;s1;1e the ~c.al teclmit.al. lemuie cf.b,;ir1g ccrnpu!Sitiom,, rniH,;~µired tiy Grnwp,, ll or lV, 

Graups ii and !V haw the i;p!:lr.,i<:11 t~t1nicai f<,i!.llum of being metfJ<si;;i~, nol requii-.,d by Groups!, !IL 1;. 

Grwp ! \1a~ ~1e special wchnital foarute of tiei!,ga 1i,,;1m1biilBnt ~i'ltleiril.ln'' cil!! cepsbl~ of ol seqi,ti.~g "' hetne-conte111fr,g polype;i11de, no! 
required by Gf!:)!JIJS m or v. 

Group m h<1s tl)e si){ldal. lethriicsl leat\ml of b$ing sl· recombir,;,r,i pl~nt or p!a.'ll- "'!li! pr<-JGl><:m9 a ~rw<¼<i/~inin~ pc!'fpe<ptide, n~ r-equ.lfoo 
by Grou;,s ! !lr V. 

t~toup V ha$ lhe ~~•wial tilthrlical !e.)\<.i!i\ (lf ~sing a oomprJsitiot.><:omprisi/Jg lifI i$t,l~ir.ll <>ri..'.l pi.,ii!ieti r,w,,!l..-containit<g w:)lypep!ide ,;i1d 
i,;olatad and puri!ioo a nwi·,nalum~,' OCl.".ming com:ponenl!e .. g. sign.a! l)o,ptloo Qr tagl 1.11 a ret"<.lmbini;,,nHl.iciQus ci,/: ,;;r.; r;,combin;m; plant 
ce!l other lhan a Ni@tiana plllnl ,ell, no, reqliltii:tl by Groups ! (lt ill. 

Orr.® ii has the s~!.lial te:ehnical fealm~ o! b!ilr'!g::, method of PK,;jl;l{;ing e ne,na,c,,,,1.;irnt~g l)u{~p,:,ptkja ir, a rJ..<>,;,-tenum, wher,:; tt..$• hen,.,., 
cr;,rit:;,irtirig rm\yp!lf)!ida Is part of a fu.~iun protein !Mt I& sai::rw.oo !f:Qm th>; bm:1eri1M, r,,:,t mqu1r1;1d tiy Gr!,up IV 

Group lV flm, _the special tilchl\ic.1l feature ot ~iw.;i a rni::thoc! o1 producir,g a heme.,c<lnlalnlng. potyi:,e;pti{fo in i3. re00:11binant plan!. where 
!~,<,: heme--i;:011tfiinir1g po1y;:,eptide i'1 Mt ~ecre!ed am! rsp;irifled tmrn a pt3r.t li's.s,.ie, n,:ii reqw,1r~d by Group!!, 

C!:lm!tl'.!lfl led'lr<:lcal features: 

t GrQµp;;, !-V sJ,are the .camrrn;,rr ~chnielll fuature of a hemec00r,!ilini ng pofypeptide w !3 nw1:teic al:'i<i encoi:iing s:aid n;ir,w-containi119 
poJ>•peptide _ · · 

2. Gn)ljPfi ! anct U Shere. 111<:l c,:imrncn techn~"a! feature of a rect•mbinant tiscwm.im for pmtluri;,g " ta'!lf1'\1'!•t,mtaini/<t, pol)'P{!plld"-',· \<m<:l«" 
said bac-Wrii~rn ,:;omplis<1~Iit:$t e:im:! sacond ti\S!;!aic ,uiid s,r;Q(M:rn::es, wtler¢ln si3sd first n<.1Cieic acid sequeri~ enl:'ooes a·~lgnal pe.i(;de and 
said :;~r,;ond nuck.>il.l acid i.\~qw;ince enco-.'ii» a hem,Fi;Qitlaif1i~9 µoi!fpl,r,Me, wMmi.~ S<ii<i flr~l ami seo;in,.:l r>l,icleic.i~id ~€1t1c-es iare 
!)~f$bly f;nkad to prooueG B fusiOh pol~plll;)llde COiiJl,li!~irig Silid sigi,:,i P~f.l!idl< ~nd S!!iel Mme-.wnt;iinlfl{l polyp/,lp)ict~. ;;inq Wtl!;lrelr, jhl) 
h<stria..,:,u,Jtain,ri\:I fi<,.!weplll¼ is sai;iellod. · 

3, Grotip~ l!I and !V soars tlu, CO!l)moii te(1t1r1,c;:,t feawri3 ;Jf .i \i~ill,9.i11ID ptant ,~o,,1pfiiling at :ea~t .mu eiogenous 111J.t,l&i~ .ici<l 1mmdln{l a 
hOOllHlGl'liilil1lOIJ pojyf_iimude, wneretr; !;,iirj p!ilf!! C,( }ilf1i1I ceil ~ llori> ·a ~~i;r:ies Pl,lll,li !him Niroliail<i, . 

l-lo,~"ifJ.i,r Ssll'<i 0Q!11n1on tei;lyiicll! f1.3at!M$ do not FtlpresMt a !;<ll'.lititiuliori O'W lf111 p/iQr art aM am ob~/4ot1~ tl'!ei Uui publication tit:ii!l 
:Proom:ti!m a'ld flrel!mlnary charac!~r{z.ation of a. r0c.irr,bi1mnt 111hew,11 cylochrorne i:-{l] irom Gaobacter suilwmid1;cilrn. in Esch11,id1ie ®Ii' 
ily LONDER et ,at (rtereinal'l>.lr "londer")ja1i,:icoom 6i,1p/1ys Acla IJu.ty 2002 V(Jl t5$4 No 3 P~{,le~ t02-211}, in vil';le11 Ql \he pobJ1catim1 
U:ll;l;l "e!'fh.,jef!! j:m,d,;r;lit)fl of a l1Jn~\1rir~ singla-d',ain arlli~igoiiri antibody ~ia an en9inm.;r11~ l:.laclllu1.> s;ut;t;Ji,_; exp,essitir,.,,ecre!ion f:f$lilt<l' 
by WU !.li ;ii. (t;er!.lmafler '\/V(i~). {ai(,!l'~ool,;,gy {NY) J;,r1uary 199.'.j Val H No1 f":1;9e!! 71-76) in !.ufl:hiir villll>'<\l iJS 2.1JO\.,/OOSS!H5 N. lo 
GflGE:~SERGE:R et al. (1111,eiMfler "Geigehtiers,er"j: 

{:◊ficemlng t,'j;mimori iectiiilt,al leel1Jf$S #( t,.qn<:i{lf tead1e.s a h&l'>~"Om2inlrig l)Olyf;«plkle <)f ;j tli.l,'.leic acid encO<lirl!,j said Wm~ 
,::cmta,ni~ p<:tlypeptide (atislrnct: We cl!me<d th!l gi,,,e !qp;y\(:K!flrt,mi) ,;.7 ~fl~ e~pi~s~-,d it i,1 Est,he!ii;~,ia mli !rl\')F.lh,uwi!i1111~ titocti1/:imll' 
t matu,~lki:n gene cliJster. ctmABCOEFGH, on a.separate p:eisrni,;t We <ie~1gned twQ ¢'lslr-R;t~, whh <!$1'1 with;Jtitan N•termina! Hi;;.tag,, 
Tlw untaQge<l ver~il/l!l Pt<>'Ji<Jr;.~ a good yieM l.up lo 6 mgl! ofo~rnb1c c,dli:Jm) cf m~ Ml~· m~IU«id prolt<in; '"'';th all lhree Mni® attachi,o; 
'tillile the !\Heln:linal HhHag a~>Jl<.lllf~ lf) b;:; ctetriotientel fer µroper i1~nw ir,c,.1ryioratlq-si, Th& recqmti!nmit ;>m!eJn (tmtagged) l$ pi,:ip.;rty 
tolded; fl ti.is tl\e same m!llciit:ular weigrit an& di~p\ay,s it,~ !J:ame abso,µl'l!t• spootr,,. iit>'h i,,. re,:Ji,~_.,,1 .anll i11 o~idlii:;d foim!:,., as \h,1 pmle,r.i 
i1oal~!e<1 from G. su!lurr"1:du<::eri.~•.i · , 
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h, ca~e t.bN>JJfsf~ jn ilfiy l)nl\<> prr~e<ling hl)X~$ i$ rtl)l~i;lffitie,it. 
Conhtrl1Mioi1 of; . . . . 

Box IV<I (Lack of L!rlll)• of lovenl,oo) and: pmvk>us Su;:,pm.11~nlal ao.: 

lnti::rnati~na! ap"PlicaH-0n No-. 

PCT/US 14/!'i,'lz,'7 

Concernins ~timmo:-i techn1,;al fuaMe 112, Loml!lt !e;i~es a i:ecomuirmnl tiacte:rkim f>:it l)toooong a heffil3-conm,nlng po!yp!lptide 
· (a~tm~t/, wl)afe s~ld !;.\a<";tE?;fiurn compril,es !lrsrarn-) &ecood m,ideic i:!dd seq.iaMils, Whcil~n S'<!Kl fir$t 11ucl!l,c &<iid sequen@~nte.oos a 
.s19,Ji.il petpli:de and si,:id $lOOtld nude\c tll<i<l se<~uarit:e eocOOll!i a he,no;;,contairiing polypef.)!ide mwr\!'111. said fit!>! a11tl seooml ri<;Jcieic a,;iid 

· seq11:;m~1;. am operotily lltiked to ;:,;o<l<.1ai a ruaipn ;:,olypepude romplls:n11 !)aid skJrial pep1.i¢e a~ ,;aid heme-con1~i11in9 PQl~ptlde (P9 , 
2{)6: !Xlf 2 para 3--4: 'Ar~o:.Y100r~<0nitruct w.~i oosigr,~ !J~~Q on vr,e(o,- pA$i«;4l); e ;:,UC Qalivative t3l'!J. Thi$ vl)cioi: features the i~r,;_pramoter 
·an,:'f OmpA leader s.eq1,em;e,s eml has. beer< u.ed io oor ll.lb l"1r e~pr.ission Qf l.ltliiboo'; !igtit chatn 
fm,1rm;;nl$ r ... j ihls li<.ltl&lrtld named pCK32 p;o:<iidftd e~pres..~k>n of ,J pllfypepti<le r.a.',n&iming nl" the Omo.A. temfar 
s1;1(!,1em:.,;:, ii.fill U,0 mature cy!Q,t;rorr-1,;; sequenoo,. T}1e prQltiif! prod~d in ill!'~ir\ KM1'25 wail- pu.r!filid in 
~ ma)orsteps: first. tHe perip!asmit traction was i~t!lated by !l,:,mc,\ic ;it.!li:k": p9 201.i ~:g- 2 •vs;ctor con~ruc; indicmml), Lorl>::l!lt fwrtt,et 
teach!il$ lh!!I t/1« hs,ma-t;0ntair1fn1Jpolypapli1~a is sr,w1l,1d inlo ihe e~tmc~!l<.J!m pefiplasrnir;, spaca (PEI 206 col 2 para 4; Tha p,otai11 
protlu;:;i)cd ifl strain HM125 ws1$ .wrifi~d in two major st11p15: ·first \i,,e Pl:'tfplasmit frai;tion wee is-<)laled l>y Qi,,m.;;tc -s!\()t;k. Th~ pt&le-in Iii 
ba~c, theretore, for purifiCl.lta>:m it was appli~Q::f w 1-ligh s ®lic,n exctstl9,:, ,e;;ln at pH ll.$ and elul!l!f wi.lh a NaCl ,gr.mi~,;;t ·rrie elutkm 

-~ profile is in,:,wr, ii. flg. $. [ ... ) rr~ pl'.(.<~in qof1:e;.,rstratlt/n fc;,r<)ach frac11.;;,11 t'l<,t<)tm!ned by m~ B;.ao!ord mG!llod, 1~ comp~rt'!d witn ~e hem!! 
coni::m1u,atir;11 meawred t,y abcsol~i!fM} of ttc,e re.ducoo prol!lifl at 552 ,w, in Tab~ 1': P'J: 206 T!"l.!le 1 f Lorx/er <loes 11ut~ii1ci~<.,,.,11y wadi 
Sf):<:relJtm into the c-uit\l:"e me~l:um. wliith, iii !act, is koown in !h<l" arl NOT to occur ifl gram nega1, ... ~ titist oocieria -~.u~t as E, cofi. as 'Mla . 
ui;11<J by lend.er: Wu leach.es tier;ra1lon o! a reci:m1llit1am protein into lt!<;i ciJl!tu-e medi1;r,1 lJSi1<9 gram PQ~!~ve r,<.>St Bacillus i,ubtU!s:: 'We 
hBVii!-a~ptieo a 8aclllUS iublilts l)),:jlfli:SSiOrH,!li:f>:.ltiOn s:,,~le'm to produce ,~ lum:!lona1 ;.in~di9-0xin.$C,\ (sir,gle,cnaiti ,mtl.bot!y C'..'!Wisti~;J '-if 
Vl-ijni,;,1rNH) and the \mf,vi<lu;;,i vanaole <lmm:iim• of !;gill (\l'lJ en<l h!ollll)'. (VH) thelri;i.. Thtt~crele!J aniidigoxin SCA can ~ !iffinify 
p1;1riffei;! !,, ont1 til$P by Qp;1!)'if.lQ ·~ l):ul!um S®e';m~anl t:!irsmtly· Ul a Ot1<lbain.Sepharo$EJ· OOl<lrnf!. N-.1.e-rmir<nl sequence delermmatlon 
iridlCiit.sci maulw Ptolein has tilil "''peciJ1d N-t,;:rmir1us ;,,,,1m me sfgn;,i t1ecp~da prope11y pwwssetJ;. Atrmi1,<· arid hganli ipedlic~y sii,l,i!ias 
demonstrated \h,,g-! I.he ;sngirnis~~ anli:di9~lo SCA has aJrntl'ot. k1ent,;;;c.l prr;perlies ~- !M$e ~,i- tlw p,;ii-eri~!:fi!flflt;,;;!Qri,;i!. ,m/.lbody. T\11:1 tii>!l 
ore.. ~tiblll~ WBl.R)O, af1 enginirer!ld, Sii>;..<;:>;lrm:!"!lkllar protea:.~-->kifl(;ier<t !3itll!l1, ls •ital IOf the: ;:,roducli,;;11 ol arrodig!l)(1fl SCA in fligh q<..Jali.t)> 
anti qu.in~.ty {5 rng./li!er 111 a iitilJke !!!!~~ ,;:iiiwr-e). Ai! l\1<:i sf)",,re1ed $C:A$ are biol:orJi~allt ;.,.~iiw," ), An artisan of ~rdlrn:~ry !il<,ill In the an W<:Juid 
haw m;;l(lgnlz.ed ihnl "ii wou!lltiave be.en obvloos "IQ imlffl iil<!l<J le, use ,u_ lhe Ba:ci!kis ,,,,);!iii;; re,;,:.,rat<ioanl i;,:,tpreli$i-On -,,.Y15!€!ir! of Wu to 
~~pr%~ t}-le t.er)ft...:wr,1,1ft11n9 protein \i!uijhl. ~,)· l.tmdf<r: in ord"'r lo QMble 1,,mrotron imo tha culture medium. wilh the ~;.:pectatior, of a 
1>:u1soooble probabi,Uy of suw...e;,s anti wilhuui ~•rnf,;1,., ,:,fforl-. 

c~,,;~rr;ing ,;:(1i,1in0/J i.a-thr,,~al f1Ja!ur0 #':l, 0.-,igenbe,ge, teaet,m, a tt.:m~genic pian\ c<impria1n11 at lea;sU:me ei<ogenom, rn.ideic acii:i 
en®ing a heme-oontairnfl:J. po!ypep~d\:! {~'~fll [0017-<)1)1Sj; ., r;,:,moglobi11• or Je9,wrncg1¢t)iri- arid hemog!oo111 expressitl!l trtmalof/llad 
pl,mra art:, ~!oye<l in lh~ m~thod acc,m:!in{l lo. the im>W.1~of! ·ior modi!jiflij !lie s!Qfage -re~!:'lr,e t1>iits1nt in plat1\s. Acco~J:ngly, me p~e11t 
l!WenUon alS(l re!alas lo legtiemoglobl~, ;,nl.1{or ~rnr.ig!Qbih--il:<µres:sirig lr~n~fmmtX! pl,ml~ am! W their use [001&1 In atc:-0n:/arn;i, wi!h !he 
invenlli.Jii, tiemoglob:ri /5 uiiderS:!ood .as meaning irofi(O) co.'liplti~>i!i of protQpotp-"iym1'. P<tta (OOS6)-" it,e ln~.;ntiQti fl!rlf1~110r,. rt.}l,1tr;ito .-i 
(l(lci~Jtide $eti~,en@ ii$ ;;ti<;l~n ir-i seq~r\ce No. 1 c<ti:iinl,l fur leghe(l't(igiobin f(;lt .®a in a pl:iln!. and a c-0rre$p-0/W•~ gl!ne atruc!ure or ~~ur 
emftheir u~a fot tran~roirning ti plstn! w,th 111e inve:r.1,;;;r\'' 1 wtt&rain safd fl!<lnt or plant et<I: is from~• s:pecie.s- tJ,lller 1!1?10 Mco!iana {para 
(00541" Especially preterrad ?Jfe· !uber-pr~1Q1Jeing. pl,3n~ io patli<,:;!«r-. ppt.aiu p!an!t. 9r s(ied-pr~\icing pi.::1nts, i!1 pafllcular At,~idc-psia 
L'ii:lli.ar,e. oil6e0!1 rat>f! i)r $Q")it,,1a!"l1'). 

N; Ille rommorne:ch.nkal feature w;s;; known m the- .irt @Hh:e tim,, qfifa'l irM1iitlon, m~I' ,..;ar:wol tir; ®n&idGred as ci:lmm,::m. special tecflii1,;:a1 
le . .i(ti~s th.'.lhvo-i.tid. olh~rwtse iJtllfy th.e groups; 1·he ':flV&"ltiont lac!; u11:ty with l:llie anothe-r. 

Ttierefum, Groups t-V latk uni!\" of invr:mtii;,r1 under- PCT Rul(lc 13 iie~1~t,: they do not s:ha,e a same cir C1Jlr@P•~r,i:11ng specml tectiriit:at 
teaiore, 

Neile: Claim~ S.9, 13,:l~, ~S, 26, :}t az, st-59, 45-4i\ 54 are-mllltiple depei:,!Jenu;lairn~ a.Ii.fl ati!/ Mldt~earchable becai!s<s itie>' aro not 
~r.a!tetl ,:CC!l(;!f:dmg \o tl,-e Sti@r.<J ar\d llik(I 'Sa!Wl!-)!:~$ of PCT RJJIB 6.4(B). 
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In ta;;~ (ho~ute in any of the p~tedingluiMsi~ no1 suffid,µI, 
CQr1ti.rn.111tion of 

eo~· v-~ .ind previotis S,1pp1er111;1m!l1 ea,; 

lntornational .appllci;1fon No. 
f'CW.JS V1155227 

[contirn.mlior. ol daim 1j: Wu t~di(!$ &acrs1i,;;,, ◊1 a '"\-:,';/t>!.1in,mt pfl;Jtein irifo if,,; cultura •11':l<iivm vsinv gtam ~,i;.,~iti,,,,, h<$I &idfws sublil!s: 
(;ib~lrm:t; "We !'!owe applil.ii:/ a Badllui;. sutrtilis expres~iof1.secretlcm sy1Mm tt:• produce a functlonal anlidigo.<:in SCA (sirJoi.lkW.half, <1r•tit,i_'ll¾> 
~onsi~lh9 tlf V~..jink,,s-VH_) an{) it;;, iri<':!/vi{,!IJ.~I Vsll'i~b!e domair'W oli/¢,t (Vq ;1r.,d Mavy(VHj cneins. The ~ecieted antii.'!igt>.~in SCA can 1-w 
effii1it,1 /:Mif~ io orre st!lp by applylr,<J. IM c:..1!ufe 1,w~flmalm1t i:iireclkt lo a ouab11it1•Sepfl11rosilc ~olumn. N-immir:a! seqminoo 
dele1mi11litlon i-ndi~l~d ·1tiatthe protein he.is the expect~d N--1e1minus wilh lil~ si9naf ~i,!ide p1openy proi:;e!S.$1!:d, Attiniry aM liii;ami 
,;p0ti!i-cily 8Wdses d.,.monslmlr;(j lhs( ,he ;;,n9ir1-1,>1imi:C! ;;r,!ioigu~ir, $CA. ha,; il!inMl ii.i.s.nticr;t pn;,pertie,; ;iii< l~ t1f ltm .µa,en!al ,;.1onocl1.l!1<1I 
~t,libody. Tne u:;1l. of B. 1mbtijii VV8600, an !lctl-Jineered, sl~.i;1<tmcellwla, Pf.:1\flaae-defo;forrt strain, la ~il!lc! f1.1r l~t> pmdu'-'lion ot llnlidlgoxin 
SCA 1n lligi\ qucafity ar.d qwnmy (5 mg/liter in a .shake n~s.k cultu~} Aff the secreloo SC:A'S :;;ro l::<iologji:;alty ,ictlliEi"). An ert,sim i-,! ordi11ary 
s.k!ll ln IM· .in wQtild .havs; r;;~ni;,;,-~ ll'l.11 ii woulct t.w,·e ~ie~n o~)~~OL!s 1.0 h,ive 1r;ed to Ut£1 l,;, W; e014i1J;$' ~ubti!iS 1<loo•}1bin~m l'l'l¢1tl>s$tM 
syslM! ,;,f Wu to ec~ple$~ itia lu1me•contaimng protein ll:lught tiY lOflde.r in otdet to MaPi!ic i;.ecra1iw1 into Iha cu!Wre m«l!'-Jri1. witrdlul 
exfffltl!llion of a rea;sor:all!e probability ol s1.iccess "'"''~ wim~.,;t 1mctue effort Consequently, ,t W{!Uld ha¥e been l:'itr-1lous !or o:me of 9rdfrri>1J 
skill lo crmibinec .al, daim eileme1,ts, m, tMilJhl b\i Lomfar, ·with bact0ri,im ooll rxipable of ~ecreting .a polypepti<.la, a'< 1~,,i9ht by Wu, baram"' 
'it would ¢f ltle he¥e enatiled, a simple wcmiery of ih1,c t1eme•cont11iri1ng poly~piiae. 

As lo ~lalm .2,. \.◊m.~er, in ~iw.! Ql Wu. as aOO'll,;l, tea<,has mii i~e e&il "ecretes ml'id hemo:M:on!/3\rilng poJypep~d& ftom said ,ell{see Wµ 
ab:sh.icCIJ, .,md upon ~ci·e1itu,. c\mid s1gm1I peptiti~ 1s rernovw !mm ~aid hem:e.-i;t,nt<lir1ing !){llypeptitie {W1> abstract; N•iermit;ii! .Sllq!:let;ce 
cteterminatii,".<n inqir;,,,!e,t !hat tha protein !)a~ the .s.;,.pe-cMd N-termir.u~ wi!h the ;,;lgnal peptide ·properly proc~ed''). 

c;a!ms 33<)6 ~tk .;in ,rwantiv-1 step ,mder PCT Arli<:tti '.3.'.3{:3) as !l0ing obviov~ .:l\ler LondGr, in vl.lw .;,f US 2il{lij101667:57 A 1 l~ BRON t;,t 
;;ii. (t!af~ria!'ter "l:.lt{>n'). 

As la;., lllaim 33. _l!l<fl®f ~athes e '<''-l>~tor (pg 204 l\g 2, coostruct pCKZ) com[lf1&in9; 
{a) ';I• pfJ!y.Mu)e,;,tide s.aquenCl)< er11,;oding ;, !Ulm;,.,;;i)maining pt:1ypepi~e (!l!:l 204 !lg 2; nc1cieic a~id encotltN!,l tl1~ ge.oe tor triherne 
t..yit1d'1f(1.,,,r; c7} am;! (t;,) a poiyrJucl,:,otidP. ,.,q,_,«1>,;;(! atiL'b~!n~, "sil)m,I pq)1ida (PS 204 fig .2: OnipA signaf p.,p1ida)-londer dqes rv.Jt ti':,idJ 
w,~1eir1 $aid .sigria1 MP!Wt> i;;wTiprise~ a<1 ;,inrrn:, acid seqti<1ll'C':I t,.,;,;ng et lam,! 00% tlmi,~o. aci;l :l!N!UEtnW 141;m!ft\/ I,;) B ~grnif p;;ptil'ja l.isfud 1 
inta!Jle; fil.Jl .. phoO :;.tgoai 1111>;:i .. ,~nce, 51:iO IP NO: 55l. HQWe~r.; ~on tee<:i<IS'i" slg/1.:ii i;,;iplide co,,wri(¾>s an atni!l(J ar;ld ;,(lcq,;tmce • 
ha~irvc) 9tl.5% loon\i!y ·l(i a signal })Sjltlde set lmitl fr, SEO !O NO: 55 (SE>:::l !D NO.; 18 54AA. ~E.t5% $,f~U!!fl<;e KN.,ritity) A11 /.l!'lifillfl of 
or.i:1tnary Ssil! in !he a,1 would r;.,va known lhat may ~ignal r:,aptldes l<ir use fn B. -~Uhtilil, were wi,11 ktl9Wn in Ina arl, it;<,;ludirtg lt'l!Sc Q!!e 
i:i1ovicl\'5d by Bn:m, and coui<l bti i~ood •<>ff th<o> s!l<lil'' .· Cons~u~ri(!y, i\ w~ld have bl.'l.'rl !;lt,vie:u~ Im or>11c ,,f oajlnary sf<;a! in !he ml l(') 
a:,mlllne a \/®lor ,omprislrig a twme conlair,l(ig ;:,ol:,P!Sllll(le .and a ~igriai peptide, ~~- !a!.ii)ht by L;,,rn;l~, whi;m,~ the Siijtl~i peJi.tkiie ~\lcimce 
~pm;e~ an ·i.JmiflQ: a<.~ ~(!qµem;e flav;flg at lsie?Sl ~9% ictef\ii!Y w ~ $'1,pal pi.pii~ si,,t fo.rm in >iEO lO NO: 55, as,raugM by Sttm, llecau,;ii 
ii would J,,.ve oei""-t.l<o1d ~tra!ktn ill!,; 111-e ,::u!ture ,ne,dk•m fmrri a bacterial ~.-o;L 

A1rn1 claim 34, Bron fiJrltlllf Jea,:;~tis th.at s1ij11tll pe:ptil:l'e ~ornprlses .a,f(,,mintl sitii:.i ~•iu.mca H.,wirig al l:<i.ssl 00'4 i, mino aci<.J i;~W~flGfJ 
i;k>n.tily tti r~,;.i<.llJOl> 1-62 or SEQ !O NO::i:i (SEQ I.Cl NO; 5e :i4M )'(l(l.(~i., _Sij~,t,iJS(;il ll.len!ily), 

A& l◊ claim 35, 8fili:1 !Llflhai' tes.ches lhaH1",.t sign;;cl ;:ieptide co;,ipri~~& lhs, ;;cmin!'ci acid $0.<ill;ll'I~ ,;it re~i<J-0sis 1-52 of SEO IP N0:5(> (SEQ 
ii:) NO: 58 54/IA. ltl!l.0% 'Sequence id~r1!i\y}. 

J.\!l. to -claim 36, uinder lunti~t tilil~hes \/131 lf~ p,:ilyi'RlcltirJl\d<'l S"'lW~t•~ f!r!Co...iif'g s~id h~'n~"Ofllalning pol~<peplide is o~ralJI)' l!r,kad to a 
promoter (pg 204 flg t lac promoMt i!l vecmr pCl>'.2), 

Claim 53 lad<s M ;1w.intive Sli;ip under PCT Arlide :J313}as .beit1lj ;;!;;vlo,is ov;;;r Loridtlr, in Vie-w ol WO 20121003424 Al to U eti!i. 
(Mrs!lf)&l\<lf ''Li"}: 

As ki doi-i:m 5;.I, v,;;,.k:Jt t<ciachr;s,:, v~(r,r 1,'f,rripii~i"1J--3 ,.«,ly.nucM-:!lide. sequeri,:;e an:::odir,g a fli~ lalJ ar\d.aseqllilll!;fl encddi,19 ;s l'lflme, 
wntaini~ poiypeptkf;s (Ill;! 20<1 fir, l ), lander does ri;:i( l'i:lach the v~lor fllri/1~ s;ompriee& <!} an ;.m,111;1 atki linker !,e,lwmm said s~rwl'lli'e 
entoding ~id ta9 an<l sa1t:1 sequehoo erv:::odinfl. sa,d heme"CContl:lming poly;mi,lide. However, Li t!lacties <:1 /inlier sequemx, bc0iWeen a Hi$• 
tag Md a proiein~Hnier!!s! {sheet 3 fig aa: 1irika1 r,;,quefiqG l, Ti<.ASK ooiween Hls-tag an:o proteln of intertlst ill e1;pre$sio:n Vi$C!or 1901J}, 
An s.!'tls-a~ of ordinary ~kill iri the art w,;uld nave iecb!)i'llzed tha.t ijri~ei' seqµenc1i~ "(<'"e $(:sr;1~titnP.s lncltided. ii, fti$clt'i1, txins!ructs to ;.,.revsfi\ 
~J.i;;ra,;\;on. batwes!'.! twQ luslor, tt11\1poJJen1s. or to impart a third iunc~Mal atlnb,i,il. o:1il<l could hi,.we been easily i~i.;,jtpQreled 1r1w the ¥i:!C11:i!' 
ol l.011<l;,f Con,s~entiy, ii wi.:nlld he~ t'lslfi;' obvio,,;, fl.ir 9r1,i of corl,l;na,y skill in !he .i!i 10 combine a ~'!l.:tor i:omprismi.i a potyl'i~dootide 
se~u~nce enco(lil\g a t11s tag and a aSl.!ql;ltlnce encml111g a heme .. conl.:Jir,hg polyp<,ipiide, as t1:1u-gt1t by LQl'R1er. W!(h i.l!:I ;imin,) a,;id ilnl<cr 
i:<i;iwoon ,.1fa1 saqi;;an<:ii ~.t!t'Odir.!J liaid lag and said seq.u-en~ .. ri::oding !itlie! r1eme-c;;ml~i/1ing polyt,11;p1.lde, as t.;µ13f11 l';li P. in ·vre,w Qf !fl!! 
~illfl'!!i;:\ki;i of l'!tl ar(i:,ari cf oroiii,;icry ~kill. bacaucsa it w<i\iictttiave e/iat:tllii:1 p,.1rv.mti-ni:1 inti,rac1io:m b<ltw1,i,ri ~o fsll:iOl'f e<.1n1por<<l!'li~ or 
i<i'lpl)rti,ig i:l lhirtl· fvr!r'1ionai iiUrih1,1,;,. 
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WRITTEN OPJNUJN OFTHF­
lNTERNA l'lONA I..; Sfi:ARCHi:NC A ent0R11'V 

hi !:nsetbe space hi ;3ny ofU1~pr~eding l:>oic~.s is o.ot s11flkliml, 
D:mdttuafon of: 

. Sox W2 and. prev1,;iu.i. S~•pplementa! Box 

fol~tlali()!i~l applfaal!i)!l Nl:i, 

PCTIU-$ 14155227 

· tialms:., aml 4 iack. im in:<.<enhe ,;lep under PCT Mi~le J';){';l} as ~in(! obvio!Jii qver Lender, irt view !ll W1;, in lwl'lher \iiew of 8r,~n. 

As m- claim :-i Wu 1eachei; a 8'.eqt.J1111ce filr a ~lgoal p11,>1it!e tpg 72 Fig 18; MNif<!l,fAl(r:;l ... elc..t Neil~r l..urider imr Wu specifically taaciJe& 
slgr,al paplrt:le comprise!ll- an amino aci~ seque11ce.-t1.1:<.<ing ai :east 51'% identity to a s/gr,a! peptide ~!!! rorln in SfQ it, NO: l.!,5, Howeve-r, 
fuQ!> ll:l!ld!(iS i,l s.igr!«I ~pli,ia C{Jfnf>f~~s >lfliltt)ifi◊ i;,"C<t\ %iiq,;fim~ rtl1:vi119 96.5% idamiti ttl a sigM! pfipUd11 sw. f(Jrlt, 111 SEQ. ID.NO: 5!;'> 
iSE.Q ID NO: SB 54M 96Jl% iseqoon,:;e ider.!it:,i). An .arlisan ofordinary ,;kill i11 the art wwid have kn~,wri \hat ma::n,ignal pel)licd1iS for 
use in 8. sVl;.lli!is WM'l well known m the art; incll-liil~ the ont:l Pllr'i1ded by Bron, and Cl:llild be used ''off the $hall". CorrseqoentiY, it wuui<f 
haw l':tl;af1 ob'!/"111,; foron1; 1;;! (>cdinery· sklll it! -~<.i· -'-'.fl \ti !'1ll'il!;i~1e ;, $iSMI pepli<'lec, 11$ lau9h1. by Wu, wMra the slgn.11 pep.tide s11qo!lcr.l<:;8 
o:,mp~ses. an ·Jilmino acid s;;qµeric.e ha:v¥riq al 11:!asl <.10% ider,tily t~, il-llignel t-~ptide set lor,h In SEO ID NO; $.. ~ ·taught by- 8wn, tieoous,;· -
;rwould tia"" fi1'iabl11d sec1<;tlon im<i IM r.,.iltura madium rr,:;m :i'i- ~a.:teria! tll'l$l. 

/'.$. w ck:iim -4 Wu 111;:wt;as a-seqoon~e !or a signal iw,ifa1e (pg 72 Fi:;i 18; MN!KKFAKQ, .... eir;,), Neit1tir- !..cir1csr nor Wu sµe-tJflClJc~Y teac!Wcii 
s:i9tml peptide ci:;mr.,r,ses ari 2min,;,c t.dd saqtMi"r.Ce ha¥irl(J at iaas1 60% identity io a i.lgnal pepll:(lfl sei fcl1.h irt SEQ !O NO: 55 .or to (esiowtis 
1-52 of SEO ID N0:55 H(.,wev<.l;, Brem tea.ci,e~ ~ si~nal f.>,;p\kle ,ximpr.i~$ l!n ain~J? ,i(.ad &llq1J!lr,(le hfiVing Hl0% klentl!y toil !iiiF,a! 
p!lr;M.,; &at!orth to amjoo ildds 1-52 cf SEQ it;\ NO: 55 {S!cQ ID NO: 5l\ MM t0.M% sequenc.i identily). An. artilll!n t1! ,:iiofnsrt $!-:ill in 
lhe asi \\.'ould h~:<.<~ liMWf! !Ml may :;igrml pe-ptid<lc6 f()r !)$-f! l>, j:j. S\41tilis w~~ wa!J ~t\t;wfl in \:h>J art, lncl!Jding llw ooo provide~~)' Bron, ood 
.-:oul-d be u,ed 'tiff 111~ shelr. Ct1ns;equen11y, it wouici tmve be@ 1:iilvio1is !@· ot~ o! o;cdir]<'!rY s:kijl iii the i,1,1 it) q;t,;t;,t1e a ,;.i9r,al f'if<pfa1a, &s 
iaughl hy Wu, >Yh<lfe tf);s ,,\gna! pep!i~f;i- $eq1,anc11 i.,:;,n,Ki$e!.\ ;;;r, srr,ina,-aGict ~qt,eni,:<!d1~vin9 atle;i,,ct (;0% Mentttno .; ~lgrmi, pep\id!') ¢f 
~$idues Hi2 ,:;f SEQ tb NO: SS, a$, l,lu,ilol t,y Bron. bee au,,~ it w<Jwi;d twve enabli$!/ ~ecre-ti!ln ink! tile ci.•!Me m!$-;lium ·trom s twclena/ 
~t . 

Claims 1,4, 33-36 en<l 4S-53 ;i;;:·,~ indwtri;:lti ,;pplit~iti!i,· ~,:; d(,!i;"N,d .by PCT Article 3;1(4), ije~ause lhfl seiJt)le-ct mf!l!f!r cl'lr, Ile tr>iltle- ,:iruse<l 
byi:niMitrt 
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SEARCH HISTORY 

PCT/US i 4/55227 

DAM 

DAM 

lPC(8): C12P 21/04; C·12P 21/06; C12N 15/00; C12N 
1/20 (2015.01) 
CPC: C07K2319/02: C12N 15/75 
USPC: 435/69.1, 69. 7, 320.1, 252,3, 252.31 

Fun-text; AU BE BR CA CH CN DE DK EPES Fl FR 
GB fN JP KR SE TH TW US WO 

Bibliographic: (Europe) AT BA BE BG CH CS CY CZ 
DD DK l?J:: ES FI GE GR. HR HU IE IS IT LT LU L V 
MC I\·1D MT NL NO PL PT RO RS Sf, SI SK SM TR UA 
YU (Asia) E:A QC HK ID IL IN KZ JvlN MY PH RU SG 
SlJ TH TJ TW UZ VN (North America) CA CR CU DO 
GT HN MX NJ PA SV TT (South Atn~rita}AR BR CL 
CO EC PE UY (Austrnfasfa) AU NZ (Africa) AP DZ EG 
KE MA M\V OA Zi\ ZM ZW 
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Semch l: IC={C l 2P2 I /04 or Cl2P2l/06 or C l2Nl5/00 or C 12Nl/20)(Resu1ts 73079) 

Search 2; CPC=(C07K2319/02 or C12Nl5/7S) (Results 2519) 

Search 3: UC,="(435/69.l or 435/69.7 or 435/:120. l or 435/252.3 or 435/25231 or 536/23.4) 
(Results 4 3 7 50) 

Search 4: I or 2 or 3 (Results 94847) 

Search 5: 4 and FT=((heme protein) or cytochrome orglohln) (Results 11661) 

Search 6: 5 and FT=(secretion W4 vector} (Results 676) 

Search 7; 6 and FT ti(Bacilh.Is subtilis) (Results 205) 

Search 8: 7 and T AG'f'((heme protein) or cytochrome or globin) (Results 3) 

Search 9: 6 and FT=(((heme pro:tein) or cytochrome or globin) W6 periplas*) (Results 0) 

Search (i and FT=((signaJ peptide) or (leader peptide)) (Re~ult~ 612) 
10: 
Scare}) 
11: 

Search 
12: 

Search 
13; 

Search 
l4: 

Search 
15; 

Search 
16: 

Search 
17: 

Search 
UL 
Search 
19: 

Search 
20: 

7 and FT=((signal peptide} or (leader peptide)) (Results 197) 

11 and FT=~His-tag} (Results 78) 

FT~((heme pt(~tein) or cytochrome t)r globin) (Results 44293) 

U cmd FT=t((sectetiqn W4 vector)and bacterial and recombinant) (Results 963) 

14. and FI=(Badl!us subtitis) {Results 295) 

15 and TAC""((heme protein} or cytochrome or glohin)(Results 3) 

14.and TAC,0{(heme proteirt.}or cywchn.mH~ or gfobin) (Results.l 4} 

TNV::z(fraser Rachel} (Results n. . . -· . . ' 

· · :~·::·,:::;:~it";i/:;:/? ::: . ~:·~:l~;•\S;;itfdi~j{ Pltblished~AppHcahons_NA-Maln 
; .. ,,• 1:I.>"*'.;);:.-,,:,;,:.),_:,,1:,,,.;:,;y,~,.;,.:,:.{r;f~i Published Applications NA New 

:;,~~ it~~i,ft';;~)(:;~ttL: {~'...)~iri;f j)~f~:I Issued_ Pa;ents _AA .... ~ - . • . · .. 
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SEQ 10 NOs: 1, 4, 33, 35, 55 
L_ ... -..... -.... -••· .. 

PIR,,.80 
UniProt.,201407 
A_Geneseq-20141.S 

qSfi.:'~~;~;_~1i>;"~_\ .. ~;~K?~•, ~,~. · . " " ,; ... ,, , ~.. . · t :' r ~ t 

\\f:i,·"::JH'.--i:~ ,2.,-,; ,-'.'--: {Jate ~OJ;lQ~~~q:,, 02 March 201 o .. .,. .. .,....,,.__,.,.,.,.._..,~=, 1 

~~-~~\*~;~:~;-~ :_~ir~:.'.;l~~~~~~~~rtE~ii~:t:1~ ::~~a~~::~,,~T,sn 
Bacillus secretion vector About I ,320;000 results (0.35 seconds) I 
BacUlus secretion vector sign~! peptl4e About 346,000 results (OA2 seconds 
8acillu$ secretion vector neme protein About 504,HOO results (0,33 seconds) 
Bacillus secretion vector heme prote.in His-tag Abnut 24,000 resu.lts(0,35 seconds) 
Hamtno acid linket' vector About 130,000 nrnults (0-25 seconds) 

Bacteria! recombinant expression heme protein Abm,it 36~400 results (0,14 sec 
Bacterial recombinant expression "heme protein" BacHlus secretion Abprit 393 results {0.06 sec 
recombinant expression "herne protein" Baci!ius subtWs secretion vector About 128 results (0. 

· recombinant ¢:x.pressiQo. "heme protein'1 Badlh.is subti1is I-Iis.:.tag pu.rificatkm About 76 results 
recombinant expression "heme protetn'i E. coli peliplasmic sp~ce About 487 results (0.06 sec 
recombinant expression "heme protein" E coli perip!asmic space Hls4ag purification About 66 
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• Examiners may access SCORE content via the eDAN interface. 
• Other l.!SPTO e1nplo:ees can bookmark the current SCOR[ URL 

(http:/ /Score. uspto. !.!ov/Score Access Web/). 
• External customers may access SCORE content via the Public and Private PAIR interfaces. 

Form Revision Date: September 30.2013 
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Sequence Listing was accepted. 

If you need help call the Patent Electronic Business Center at (866) 

217-9197 (toll free). 

Reviewer: Anjum, Durreshwar 

Timestamp: [year=2017; month=8; day=18; hr=9; min=45; sec=lO; ms=108; 
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Validated By CRFValidator v 1.0.5 

Application No: 15678342 Version No: 1.0 

Input Set: 

Output Set: 

Started: 2017-08-16 12:07:59.234 

Finished: 2017-08-16 12:08:05.181 

Elapsed: 0 hr (s) 0 min (s) 5 sec(s) 947 ms 

Total Warnings: 46 

Total Errors: 0 

No. of SeqIDs Defined: 58 

Actual SeqID Count: 58 

Error code Error Description 

w 402 Undefined organism found in <213> in SEQ ID ( 1) 

w 402 Undefined organism found in <213> in SEQ ID (2) 

w 213 Artificial or Unknown found in <213> in SEQ ID (3) 

w 213 Artificial or Unknown found in <213> in SEQ ID ( 4) 

w 213 Artificial or Unknown found in <213> in SEQ ID (5) 

w 213 Artificial or Unknown found in <213> in SEQ ID ( 6) 

w 213 Artificial or Unknown found in <213> in SEQ ID ( 19) 

w 213 Artificial or Unknown found in <213> in SEQ ID (20) 

w 213 Artificial or Unknown found in <213> in SEQ ID (21) 

w 213 Artificial or Unknown found in <213> in SEQ ID (22) 

w 213 Artificial or Unknown found in <213> in SEQ ID (23) 

w 213 Artificial or Unknown found in <213> in SEQ ID (24) 

w 213 Artificial or Unknown found in <213> in SEQ ID (25) 

w 213 Artificial or Unknown found in <213> in SEQ ID (26) 

w 213 Artificial or Unknown found in <213> in SEQ ID (27) 

w 213 Artificial or Unknown found in <213> in SEQ ID (28) 

w 213 Artificial or Unknown found in <213> in SEQ ID (2 9) 

w 213 Artificial or Unknown found in <213> in SEQ ID (30) 

w 213 Artificial or Unknown found in <213> in SEQ ID (31) 

w 213 Artificial or Unknown found in <213> in SEQ ID (32) 
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Error code 

w 

w 

213 

213 

Input Set: 

Output Set: 

Started: 2017-08-16 12:07:59.234 

Finished: 2017-08-16 12:08:05.181 

Elapsed: 0 hr(s) 0 min(s) 5 sec(s) 947 ms 

Total Warnings: 46 

Total Errors: 0 

No. of SeqIDs Defined: 58 

Actual SeqID Count: 58 

Error Description 

Artificial or Unknown found in <213> in SEQ ID (33) 

Artificial or Unknown found in <213> in SEQ ID (34) 
This error has occured more than 20 times, will not be displayed 
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SEQUENCE LISTING 

<110> Impossible Foods Inc. 

<120> EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING 

METHYLOTROPHIC YEAST 

<130> 38767-0048WO1 

<140> us 15/678,342 

<141> 2017-08-16 

<150> PCT/US2016/031797 

<151> 2016-05-11 

<150> 62/313, 491 

<151> 2016-03-25 

<150> 62/236,506 

<151> 2015-10-02 

<160> 58 

<170> Patentin version 3.5 

<210> 1 

<211> 3486 

<212> DNA 

<213> Komagataella phaffii 

<400> 1 

atgcgagacc gcggccgcat gagcaatcta cccccaactt ttggttccac tagacaatct 

ccagaagacc aatcacctcc cgtgcccaag gagctgtcat tcaatgggac cacaccctca 

ggaaagctac gcttatttgt ctgtcagaca tgtactcgag catttgctcg tcaggaacac 

ttgaaacgac acgaaaggtc tcacaccaag gagaaacctt tcagctgcgg catttgttct 

cgtaaattca gccgtcgaga tctgttattg agacatgccc aaaaactgca cagcaactgc 

tctgatgcgg ccataacaag actaaggcgc aaggcaactc gtcggtcttc taatgccgcg 

ggttccatat ctggttctac tccggtgaca acgccaaata ctatgggtac gcccgaagat 

ggcgagaaac gaaaagttca gaaactggcc ggccgccggg actcaaatga acagaaactg 

caactgcaac aacaacatct acagcaacaa ccacagttgc aataccaaca atctcttaag 

cagcatgaaa atcaagtcca gcagcctgat caagatccat tgatatcccc gagaatgcaa 

ttattcaatg attccaacca tcacgtaaac aatttgtttg atcttggact aagaagagct 

tccttctccg ccgttagtgg aaataattat gcccattatg tgaataattt tcaacaagat 

gcctcttcta ccaatccaaa tcaagattca aataatgccg aatttgagaa tattgaattt 

60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 
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tctaccccac aaatgatgcc cgttgaagat gctgaaactt ggatgaacaa catgggtcca 840 

attccgaact tctctctcga tgtgaacagg aacattggtg atagctttac agatatacaa 900 

cacaagaatt cagagcctat tatatccgaa ccgcccaagg acaccgctcc aaacgacaag 960 

aagttgaatg gctactcttt ttacgaagcc cccatcaagc cattagaatc cctattttct 1020 

gtcaggaata caaagagaaa caagtataaa acaaatgacg actctccaga caccgtggat 1080 

aataactccg caccggctgc taataccatt caagaacttg agtcttcttt gaatgcatcc 1140 

aagaattttt gcttgccaac tggttattcc ttctatggta atttggacca acagactttc 1200 

tctaacacgt tatcatgcac ttcttctaat gccacaattt cgcccattct actcgataac 1260 

tccattaata ataactccac tagtgacgtg agaccagaat ttagaacaca aagtgtcacc 1320 

tctgaaatga gtcaagcccc tccccctcct caaaaaaaca actcgaaata ttccaccgaa 1380 

gttcttttta ccagcaacat gcggtcgttt attcactacg ctctttccaa gtatcctttt 1440 

attggtgtgc ccactccaac tcttccggag aacgaaagac taaatgaata tgctgattca 1500 

ttcaccaacc gtttcttaaa tcattatcct ttcatacatg tcacgattct caaagaatac 1560 

tcccttttca aggcaatttt agatgagaat gagtcgacta agaactggga aaataatcag 1620 

ttttacttag agaaccaacg aatatcaatt gtttgtcttc ctcttttggt ggctacgata 1680 

ggtgcagtac tatcaaacaa caaaaaggat gcttcgaatt tatacgaagc ttcaaggcgt 1740 

tgtattcatg tttacttaga ttccaggaaa aagataccca cttccttgtc cgcaaataac 1800 

aatgactctc cactttggct aattcaatcc ctgacgttat ctgttatgta tgggttattt 1860 

gcggacaatg acattagttt gaatgtcgtg atcagacaag ttaacgcact taattctctg 1920 

gtcaagactt cgggcctgaa taggacctca attatagatc ttttcaacat caacaaacct 1980 

ttggataatg aactctggaa tcaattcgtg aaaatagagt ccaccgtaag gacaatccac 2040 

acgatttttc aaatcagttc caacttaagc gccttgtaca atattattcc atcgttgaaa 2100 

attgatgacc taatgattac tctaccagtt cccacaacac tttggcaagc tgattctttt 2160 

gtgaaattca aaagtctaag ttacggaaat cagatccctt ttcaatatac aagagtacta 2220 

cagaatttga ttgattacaa tcagccattg agcgatggaa aatttttgta tgaaaaccat 2280 

gtaagtgagt ttggactcat atgcctacag aatggtctac accaatacag ctatttccaa 2340 

aaattgactg ctgtcaataa cagagaagat gcgctattca caaaggttgt taattcactt 2400 

cacagttggg ataggatgat ttcgaattct gatttgtttc caaagaagat atatcagcag 2460 

agttgcttga ttttggactc aaagttgctt aataatttcc tgattgtcaa gagctcattg 2520 
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aaagtttcga ccggagacgt tagttctttg aataagttaa aagaaaacgt gtggcttaaa 

aactggaatc aagtgtgtgc tatctattat aacagcttca tgaacattcc tgctcccagt 

attcaaaaga agtacaatga catagagttt gtggatgaca tgattaattt gagtctaatc 

atcatcaaga ttatgaaact cattttctat aacaatgtca aagacaatta tgaggatgaa 

aatgacttca aattgcaaga gttaaattta acatttgaca attttgatga gaaaatatcc 

ttgaatttga caatattatt cgatatattt ttgatgatct acaagataat taccaattac 

gaaaagttta tgaagatcaa acacaagttt aattactaca attctaattc gaatataagc 

ttcttgcatc atttcgaact ctcctcggtt atcaataaca cccaaatgaa ccagaatgat 

tatatgaaaa cagatattga tgaaaagctt gatcagcttt tccacatcta tcaaacattt 

ttccggctgt atctggattt agaaaagttt atgaagttca aattcaacta tcatgacttt 

gagacagagt tttcaagtct ctcaatatcc aatatactga acactcatgc tgcttctaac 

aatgacacaa atgctgctga tgctatgaat gccaaggatg aaaaaatatc tcccacaact 

ttgaatagcg tattacttgc tgatgaagga aatgaaaatt ccggtcgtaa taacgattca 

gaccgcctgt tcatgctgaa cgagctaatt aattttgaag taggtttgaa atttctcaag 

ataggtgagt cattttttga tttcttgtat gagaataact acaagttcat ccacttcaaa 

aacttaaatg acggaatgtt ccacatcagg atatacctag aaaaccgact agatggtggt 

gtctag 

<210> 2 

<211> 1161 

<212> PRT 

<213> Komagataella phaffii 

<400> 2 

Met Arg Asp Arg Gly Arg Met Ser Asn Leu Pro Pro Thr Phe Gly Ser 

1 5 10 15 

Thr Arg Gln Ser Pro Glu Asp Gln Ser Pro Pro Val Pro Lys Glu Leu 

20 25 30 

Ser Phe Asn Gly Thr Thr Pro Ser Gly Lys Leu Arg Leu Phe Val Cys 

35 40 45 

Gln Thr Cys Thr Arg Ala Phe Ala Arg Gln Glu His Leu Lys Arg His 

50 55 60 

2580 

2640 

2700 

2760 

2820 

2880 

2940 

3000 

3060 

3120 

3180 

3240 

3300 

3360 

3420 

3480 

3486 
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Glu Arg Ser His Thr Lys Glu Lys Pro Phe Ser Cys Gly Ile Cys Ser 

65 70 75 80 

Arg Lys Phe Ser Arg Arg Asp Leu Leu Leu Arg His Ala Gln Lys Leu 

85 90 95 

His Ser Asn Cys Ser Asp Ala Ala Ile Thr Arg Leu Arg Arg Lys Ala 

100 105 110 

Thr Arg Arg Ser Ser Asn Ala Ala Gly Ser Ile Ser Gly Ser Thr Pro 

115 120 125 

Val Thr Thr Pro Asn Thr Met Gly Thr Pro Glu Asp Gly Glu Lys Arg 

130 135 140 

Lys Val Gln Lys Leu Ala Gly Arg Arg Asp Ser Asn Glu Gln Lys Leu 

145 150 155 160 

Gln Leu Gln Gln Gln His Leu Gln Gln Gln Pro Gln Leu Gln Tyr Gln 

165 170 175 

Gln Ser Leu Lys Gln His Glu Asn Gln Val Gln Gln Pro Asp Gln Asp 

180 185 190 

Pro Leu Ile Ser Pro Arg Met Gln Leu Phe Asn Asp Ser Asn His His 

195 200 205 

Val Asn Asn Leu Phe Asp Leu Gly Leu Arg Arg Ala Ser Phe Ser Ala 

210 215 220 

Val Ser Gly Asn Asn Tyr Ala His Tyr Val Asn Asn Phe Gln Gln Asp 

225 230 235 240 

Ala Ser Ser Thr Asn Pro Asn Gln Asp 

245 

Ser Asn Asn Ala Glu Phe Glu 

250 255 

Asn Ile Glu Phe Ser Thr Pro Gln Met Met Pro Val Glu Asp Ala Glu 

260 265 270 

Thr Trp Met Asn Asn Met Gly Pro Ile Pro Asn Phe Ser Leu Asp Val 

275 280 285 

Case No.: IPR2023-00322 
U.S. Patent No. 10,273,492



 
Motif Exhibit 1039, Page 676 of 1288

Asn Arg Asn Ile Gly Asp Ser Phe Thr Asp Ile Gln His Lys Asn Ser 

290 295 300 

Glu Pro Ile Ile Ser Glu Pro Pro Lys Asp Thr Ala Pro Asn Asp Lys 

305 310 315 320 

Lys Leu Asn Gly Tyr Ser Phe Tyr Glu Ala Pro Ile Lys Pro Leu Glu 

325 330 335 

Ser Leu Phe Ser Val Arg Asn Thr Lys Arg Asn Lys Tyr Lys Thr Asn 

340 345 350 

Asp Asp Ser Pro Asp Thr Val Asp Asn Asn Ser Ala Pro Ala Ala Asn 

355 360 365 

Thr Ile Gln Glu Leu Glu Ser Ser Leu Asn Ala Ser Lys Asn Phe Cys 

370 375 380 

Leu Pro Thr Gly Tyr Ser Phe Tyr Gly Asn Leu Asp Gln Gln Thr Phe 

385 390 395 400 

Ser Asn Thr Leu Ser Cys Thr Ser Ser Asn Ala Thr Ile Ser Pro Ile 

405 410 415 

Leu Leu Asp Asn Ser Ile Asn Asn Asn Ser Thr Ser Asp Val Arg Pro 

420 425 430 

Glu Phe Arg Thr Gln Ser Val Thr Ser Glu Met Ser Gln Ala Pro Pro 

435 440 445 

Pro Pro Gln Lys Asn Asn 

450 

Ser Lys Tyr Ser Thr Glu Val Leu Phe Thr 

455 460 

Ser Asn Met Arg Ser Phe Ile His Tyr Ala Leu Ser Lys Tyr Pro Phe 

465 470 475 480 

Ile Gly Val Pro Thr Pro Thr Leu Pro Glu Asn Glu Arg Leu Asn Glu 

485 490 495 

Tyr Ala Asp Ser Phe Thr Asn Arg Phe Leu Asn His Tyr Pro Phe Ile 

500 505 510 
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His Val Thr Ile Leu Lys Glu Tyr Ser Leu Phe Lys Ala Ile Leu Asp 

515 520 525 

Glu Asn Glu Ser Thr Lys Asn Trp Glu Asn Asn Gln Phe Tyr Leu Glu 

530 535 540 

Asn Gln Arg Ile Ser Ile Val Cys Leu Pro Leu Leu Val Ala Thr Ile 

545 550 555 560 

Gly Ala Val Leu Ser Asn Asn Lys Lys Asp Ala Ser Asn Leu Tyr Glu 

565 570 575 

Ala Ser Arg Arg Cys Ile His Val Tyr Leu Asp Ser Arg Lys Lys Ile 

580 585 590 

Pro Thr Ser Leu Ser Ala Asn Asn Asn Asp Ser Pro Leu Trp Leu Ile 

595 600 605 

Gln Ser Leu Thr Leu Ser Val Met Tyr Gly Leu Phe Ala Asp Asn Asp 

610 615 620 

Ile Ser Leu Asn Val Val Ile Arg Gln Val Asn Ala Leu Asn Ser Leu 

625 630 635 640 

Val Lys Thr Ser Gly Leu Asn Arg Thr Ser Ile Ile Asp Leu Phe Asn 

645 650 655 

Ile Asn Lys Pro Leu Asp Asn Glu Leu Trp Asn Gln Phe Val Lys Ile 

660 665 670 

Glu Ser Thr Val Arg Thr Ile His Thr Ile Phe Gln Ile Ser Ser Asn 

675 680 685 

Leu Ser Ala Leu Tyr Asn Ile Ile Pro Ser Leu Lys Ile Asp Asp Leu 

690 695 700 

Met Ile Thr Leu Pro Val Pro Thr Thr Leu Trp Gln Ala Asp Ser Phe 

705 710 715 720 

Val Lys Phe Lys Ser Leu Ser Tyr Gly Asn Gln Ile Pro Phe Gln Tyr 

725 730 735 

Thr Arg Val Leu Gln Asn Leu Ile Asp Tyr Asn Gln Pro Leu Ser Asp 

Case No.: IPR2023-00322 
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740 745 750 

Gly Lys Phe Leu Tyr Glu Asn His Val Ser Glu Phe Gly Leu Ile Cys 

755 760 765 

Leu Gln Asn Gly Leu His Gln Tyr Ser Tyr Phe Gln Lys Leu Thr Ala 

770 775 780 

Val Asn Asn Arg Glu Asp Ala Leu Phe Thr Lys Val Val Asn Ser Leu 

785 790 795 800 

His Ser Trp Asp Arg Met Ile Ser Asn 

805 

Ser Asp Leu Phe Pro Lys Lys 

810 815 

Ile Tyr Gln Gln Ser Cys Leu Ile Leu Asp Ser Lys Leu Leu Asn Asn 

820 825 830 

Phe Leu Ile Val Lys Ser Ser Leu Lys Val Ser Thr Gly Asp Val Ser 

835 840 845 

Ser Leu Asn Lys Leu Lys Glu Asn Val Trp Leu Lys Asn Trp Asn Gln 

850 855 8 60 

Val Cys Ala Ile Tyr Tyr Asn Ser Phe Met Asn Ile Pro Ala Pro Ser 

865 870 875 880 

Ile Gln Lys Lys Tyr Asn Asp Ile Glu Phe Val Asp Asp Met Ile Asn 

885 890 895 

Leu Ser Leu Ile Ile Ile Lys Ile Met Lys Leu Ile Phe Tyr Asn Asn 

900 905 910 

Val Lys Asp Asn Tyr Glu Asp Glu Asn Asp Phe Lys Leu Gln Glu Leu 

915 920 925 

Asn Leu Thr Phe Asp Asn Phe Asp Glu Lys Ile Ser Leu Asn Leu Thr 

930 935 940 

Ile Leu Phe Asp Ile Phe Leu Met Ile Tyr Lys Ile Ile Thr Asn Tyr 

945 950 955 960 

Glu Lys Phe Met Lys Ile Lys His Lys Phe Asn Tyr Tyr Asn Ser Asn 

965 970 975 
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Ser Asn Ile Ser Phe Leu His His Phe Glu Leu Ser Ser Val Ile Asn 

980 985 990 

Asn Thr Gln Met Asn Gln Asn Asp Tyr Met Lys Thr Asp 

1005 

Ile Asp Glu 

995 1000 

Lys Leu 

1010 

Tyr Leu 

1025 

Asp Phe 

1040 

Asn Thr 

1055 

Met Asn 

1070 

Val Leu 

1085 

Asp Ser 

1100 

Val Gly 

1115 

Leu Tyr 

1130 

Asp Gly 

1145 

Asp Gln Leu Phe His 

1015 

Asp Leu Glu Lys Phe 

1030 

Glu Thr Glu Phe Ser 

1045 

His Ala Ala Ser Asn 

1060 

Ala Lys Asp Glu Lys 

1075 

Leu Ala Asp Glu Gly 

1090 

Asp Arg Leu Phe Met 

1105 

Leu Lys Phe Leu Lys 

1120 

Glu Asn Asn Tyr Lys 

1135 

Met Phe His Ile Arg 

1150 

Gly Gly Val 

1160 

<210> 3 

<211> 438 

<212> DNA 

Ile Tyr Gln Thr Phe 

1020 

Met Lys Phe Lys Phe 

1035 

Ser Leu Ser Ile Ser 

1050 

Asn Asp Thr Asn Ala 

1065 

Ile Ser Pro Thr Thr 

1080 

Asn Glu Asn Ser Gly 

1095 

Leu Asn Glu Leu Ile 

1110 

Ile Gly Glu Ser Phe 

1125 

Phe Ile His Phe Lys 

1140 

Phe Arg Leu 

Asn Tyr His 

Asn Ile Leu 

Ala Asp Ala 

Leu Asn Ser 

Arg Asn Asn 

Asn Phe Glu 

Phe Asp Phe 

Asn Leu Asn 

Ile Tyr Leu Glu Asn Arg Leu Asp 

1155 

Case No.: IPR2023-00322 
U.S. Patent No. 10,273,492



 
Motif Exhibit 1039, Page 680 of 1288

<213> Artificial Sequence 

<220> 

<223> Glycine max leghemoglobin codon-optimized for Pichia pastoris 

<400> 3 

atgggtgctt tcaccgagaa gcaggaagca cttgtttcct cttcgttcga agcttttaag 

gctaacatcc ctcaatactc tgttgtgttt tacacgtcca ttctagaaaa agctcctgct 

gccaaggacc tcttctcttt tctgtccaac ggtgtagatc catccaatcc caaattaaca 

ggtcacgctg agaaattgtt cggtttagtc agagatagcg ctggacaatt gaaagcaaat 

ggtactgtgg ttgctgatgc tgccttgggc agcatccatg cacagaaggc aattacagac 

ccacaatttg ttgttgtgaa ggaagctctg cttaaaacta taaaggaagc cgtcggagac 

aaatggagtg acgagttgtc atcagcttgg gaggtagctt atgatgagtt ggccgcagca 

atcaaaaagg cattctaa 

<210> 4 

<211> 145 

<212> PRT 

<213> Artificial Sequence 

<220> 

<223> Glycine max leghemoglobin codon-optimized for Pichia pastoris 

<400> 4 

Met Gly Ala Phe Thr Glu Lys Gln Glu Ala Leu Val Ser Ser Ser Phe 

1 5 10 15 

Glu Ala Phe Lys Ala Asn Ile Pro Gln Tyr Ser Val Val Phe Tyr Thr 

20 25 30 

Ser Ile Leu Glu Lys Ala Pro Ala Ala Lys Asp Leu Phe Ser Phe Leu 

35 40 45 

Ser Asn Gly Val Asp Pro 

50 

Ser Asn Pro Lys Leu Thr Gly His Ala Glu 

55 60 

Lys Leu Phe Gly Leu Val Arg Asp Ser Ala Gly Gln Leu Lys Ala Asn 

65 70 75 80 

Gly Thr Val Val Ala Asp Ala Ala Leu Gly Ser Ile His Ala Gln Lys 

85 90 95 

60 

120 

180 

240 

300 

360 

420 

438 
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Ala Ile Thr Asp Pro Gln Phe Val Val Val Lys Glu Ala Leu Leu Lys 

100 105 110 

Thr Ile Lys Glu Ala Val Gly Asp Lys Trp Ser Asp Glu Leu Ser Ser 

115 120 125 

Ala Trp Glu Val Ala Tyr Asp Glu Leu Ala Ala Ala Ile Lys Lys Ala 

Phe 

145 

130 135 140 

<210> 5 

<211> 438 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Glycine max leghemoglobin codon-optimized for Pichia pastoris 

<400> 5 

atgggtgcat ttacagaaaa acaagaggct ttagtatcct catcttttga agctttcaaa 

gccaatattc ctcaatactc cgttgttttc tatacgtcca ttttggaaaa ggctccagca 

gctaaggacc ttttctcttt cttgtcgaac ggcgtggatc cctcaaatcc taagctgact 

ggtcacgccg agaagctttt tggtttggtc agagacagcg ccggacagct gaaagctaac 

ggtacagttg tggcagatgc tgccttggga tctatacatg cacaaaaggc tatcaccgac 

60 

120 

180 

240 
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is US 15/678,342 
Projected Publication Date: 12/07/2017 
Non-Publication Request: No 
Early Publication Request: No 
Title 

EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING 
METHYLOTROPHIC YEAST 

Preliminary Class 

435 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
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this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4258). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for 
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources 
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to 
promote and facilitate business investment. SelectUSA provides information assistance to the international investor 
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states, 
and regions competing for global investment; and counsels U.S. economic development organizations on investment 
attraction best practices. To learn more about why the United States is the best country in the world to develop 
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call 
+ 1-202-482-6800. 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 15/678,342 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 280 
(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 600 
(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 720 
(37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 13 
(37 CFR 1.16(i)) 

minus 20= OR X 80 = 0.00 

INDEPENDENT CLAIMS 1 minus 3 = X 420 = 0.00 
(37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1600 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

15/678,342 

26191 

FILING OR 3 71 (C) DATE 

08/16/2017 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Smita Shankar 38767-0048002 
CONFIRMATION NO. 1018 

INFORMAL NOTICE 
FISH & RICHARDSON P.C. (TC) 
PO BOX 1022 11111111111111111 lllll ll]~!l]!~l!~l!~H~!l!IIHll 11111111111111111111111 

MINNEAPOLIS, MN 55440-1022 

Date Mailed: 08/30/2017 

INFORMATIONAL NOTICE TO APPLICANT 

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for 
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's 
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute 
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the 
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f). 

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid 
further processing delays. 

• A properly executed inventor's oath or declaration has not been received for the following inventor(s): 
Smita Shankar 
Martin Andrew Hoyt 

/erimando/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 
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Attorney Docket No.: 38767-0048002 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor : 
Serial No. 
Filed 

Smita Shankar 
15/678,342 
August 16, 2017 

Art Unit 
Examiner 
Conf. No. 

Unknown 
Unknown 
1018 

Title EXPRESSION CONSTRUCTS AND METHODS OF 
GENETICALLY ENGINEERING METHYLOTROPHIC YEAST 

MAIL STOP MISSING PARTS 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

SUBMISSION OF MISSING PARTS OF APPLICATION 

In order to complete the above-indicated application, Applicant, as a Large 

Entity, submits herewith a Declaration in compliance with 37 CFR § 1.63. 

No fees are believed due. If this is incorrect, please apply any charges, or credits, to 

Deposit Account No. 06-1050, referencing the above-indicated Attorney Docket Number. 

Date: /August 30, 2017/ 

Customer Number 26191 
Fish & Richardson P.C. 
Telephone: (612) 335-5070 
Facsimile: (877) 769-7945 

61555057.doc 

Respectfully submitted, 

/M. Angela Parsons/ 

M. Angela Parsons, Ph.D. 
Reg. No. 44,282 

Case No.: IPR2023-00322 
U.S. Patent No. 10,273,492



 
Motif Exhibit 1039, Page 689 of 1288

Attorney Docket No .. : 38767-0048002 
PTO/AIN01 (06-12) 

Approved for use th,·ough 01/31/2014. OMS 0651-0032 
U.S. Patent and Tradema11< Office; U.S. OEPAATMENT Of COMMERCE 

Under the Pauerwurk Reduction Act of 1995 rm nersons are reoc~red tQ resoond to a co!lection of infom1atlon unless it disolavs a vaild 0MB control number. 

DECLARATION (37 CFR 1.63) FOR UTIUTY OR DESIGN APPLICATION USING AN 
APPLICATION DAT A SHEET (37 CFR 1. 76) 

Title of 
Invention 

EXPRESSION CONSTRUCTS AND METHODS OF GENET!CALL Y ENGINEERING 
METHYLOTROPH!C YEAST 

As the below named inventor, l hereby declare that 

This declaration [ l 
is directed to: 

[X] 

The attached application, or 

United States application or PCT international application 
number 

filed on ~~must 16, 2017 

The above-identified application was made or authorized to be made by me. 

15/678,342 

I believe that l am the original inventor or an original joint inventor of a claimed invention in the application. 

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C, 1001 
by fine or imprisonment of not more than five (5) years, or both, 

WARNING: 
Petltioneriapp!lcant is cautioned to avoid submitting persona! information in documents flied in a patent appliC'.-ation that may 
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers 
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes} is never required by the USPTO 
io support a petltfon or an application. If this type of persona! information ls included in documents submitted to the USPTO, 
petitioners/applicants should consider redacting such personal informatlon from the documents before submitting them to the 
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the 
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance. of a 
patent. Furthermore, the record from an abandoned application rnay also be available to the public: if the application is 
referenced in a published appiication or an issued patent {see 37 CFR 1, 14). Checks and credit card authorization forms 
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

Inventor: Srnita Shankar Date (Optional) : 

Signature: 

Note: An app!lcation data sheet (PTO!SB/14 or equivalent), including naming the entire inventive entity, must accompany this form 
or must have been previously filed. Use an additional PTO/AIA/01 form for each additional inventor, 

This collection of informatitm is required by 35 U.S.C. 115 and 37 CFR 1.63, The information is required to obtain or retain a benefit by the puP!ic which is to tile (and 
by the USPTO to pioc,;ss) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1, 11 and 1. ·14. This col!ection is estimated to take 1 'minute to 
complete, including gathering, p;eparing, and submitting the completed application form to the USPTO. Time wm vary dependlng upon the Individual case, Any 
comments on the amount of time you require 10 complete this form and/or suggestions for reducing this burden, shouid be sent to \he Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Sox 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORM$ TO 
THIS ADDRESS, SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call HJOO-PT0-9199 and select option 2. 
6 !549! 8 l.,toc 
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Attorney Docket No.: 38767-0048002 
PTO/A1Al01 (06-t2} 

Approved for use !hrough 01/3112014. 0MB 0651-0032 
U.S. Pa!er,! and Trademark 01/ice; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwori< Reduction Act of 1995, no persons are required to respond to a ~llecOon of information unless it displays a valid 0MB control number. 

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN 
APPLICATION DAT A SHEET (37 CFR 1. 76) 

Title of EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING 
Invention METHYLOTROPHIC YEAST 

As the below named inventor, l hereby declare that 

This declaration [ ] 
is directed to: 

[Xj 

The attached appiication, or 

United States application or PCT international application 
number 

filed on Auaust 16, 2017 

The above-identified application was made or authorized to be made by me. 

15/678,342 

l believe that I am the original inventor or an original joint inventor of a daimed invention in the application. 

l hereby acknowledge that any wiHfuf false statemeni made in U1is declaration is punishable under 18 U.S.C. 1001 
by fine or imprisonment of not more than five (5) years, or both. 

WARNING: 
Petitioner/applicant is cautioned to avoid submitting persona! information in documents filed in a patent application that may 
contribute to identity theft. Personal information such as social security numbers, bank account n~;;nbers, or credit card numbers 
(other than a check or credit card authorization farm PTO-2038 submitted for payment purposes) is never required by the USPTO 
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO, 
petitlOners/appHcants should consider redacting such personal 1nfom1ation from the documents before submitting them to the 
USPTO. Petitioner/applicant is advised that ihe record of a patent application is available to the public after publication of the 
application (unless a non-publication request in compliance with 37 GFR 1.213(a) is made in the application) or issuance of a 
patent. Furthermore, the record from an abandoned application may also be available to the pub!fc if the application is 
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms 
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available. 

LEGAL NAME OF INVENTOR 

Inventor: Martin Andrew Hoyt Date (Optional) : 

Signature: 

"\J \ I 
Note: An appllcation data sheet (PTO/SBi14 or equivalent), including tam ng t'lfe entire inventive entity, must accompany' this form 
or must have been previously filed. Use an additional PTO/AIA/01 form for each additional inventor. 

This coi!ectlon of informatit1n is required by 35 U.S.C, 115 and 37 CFR 1.63. The information is required lo obtain or retain a benefit by the public which is to file (and 
by the USPTO to pml~ess) an application. Confidentia!ity is governed by 35 U.S,C. 122 and 37 CFR 1.11 and 1.14, This collection is estimated to take 1 mim,te to 
complete, Jnduding gathering, prepaiing, and submitting the completed appf!cation fo.rm to the USPTO. Time will vary dependin1J upon the individual case. Any 
comments on the amount of !1me you require !O complete this form andior suggestions for reducing this burden, should be sent to the Chief Information Officer, iJ.S. 
Patent and Trademark Office, U.S. Department of Commerce-, P.O. Box i 450, Alexandria, VA 22313-1450 DO NOT SEND FEES OR COMPLETED FORMS TO 
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. . 

if you need 11ssistance in compieting the form, ca/11--8/JO-PTO-i/1&9 and select option 2. 
615491 Sl.doc 
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Electronic Acknowledgement Receipt 

EFSID: 30230403 

Application Number: 15678342 

International Application Number: 

Confirmation Number: 1018 

Title of Invention: 
EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING 
METHYLOTROPHIC YEAST 

First Named Inventor/Applicant Name: Smita Shankar 

Customer Number: 26191 

Filer: M. Angela Parsons/Judith Witzel 

Filer Authorized By: M. Angela Parsons 

Attorney Docket Number: 38767-0048002 

Receipt Date: 30-AUG-2017 

Filing Date: 16-AUG-2017 

Time Stamp: 17:09:07 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

72149 

1 
Applicant Response to Pre-Exam 

Submission.pdf no 1 
Formalities Notice 

4a99e3e93da16906cce391119a19d57f364 
7e370 

Warnings: 
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Information: 

1102404 

2 Oath or Declaration filed EXECUTED_Declaration.pdf no 2 
f9649c7464ab2554a 121 028961 56043daefl 

9a8b 

Warnings: 

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the 
Image File Wrapper and may affect subsequent processing 

Information: 

Total Files Size (in bytes) 1174553 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

15/678,342 08/16/2017 

26191 7 590 09/06/2017 

FISH & RICHARDSON P.C. (TC) 
PO BOX 1022 
MINNEAPOLIS, MN 55440-1022 

FIRST NAMED INVENTOR 

Smita Shankar 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www .uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

38767-0048002 1018 

EXAMINER 

ART UNIT PAPER NUMBER 

1636 

NOTIFICATION DATE DELIVERY MODE 

09/06/2017 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

PATDOCTC@fr.com 

PTOL-90A (Rev. 04/07) 
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~~w~ .... UNITED STATES PATENT AND TRADEMARK OFFICE 
t 

{~ \~1 
\ ti 

.· ?t.:..i.'!P 

Decision Granting Request for 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

www.uspto.gov 

Doc Code: TRACK1 .GRANT 

Prioritized Examination Application No.: 15/678,342 
(Track I or After RCE) 

1. THE REQUEST FILED August 16, 2017 IS GRANTED. 

The above-identified application has met the requirements for prioritized examination 
A. ~ for an original nonprovisional application (Track I). 
B. D for an application undergoing continued examination (RCE). 

2. The above-identified application will undergo prioritized examination. The application will be 
accorded special status throughout its entire course of prosecution until one of the following occurs: 

A. filing a petition for extension of time to extend the time period for filing a reply; 

B. filing an amendment to amend the application to contain more than four independent 

claims, more than thirty total claims, or a multiple dependent claim; 

C. filing a request for continued examination; 

D. filing a notice of appeal; 

E. filing a request for suspension of action; 

F. mailing of a notice of allowance; 

G. mailing of a final Office action; 

H. completion of examination as defined in 37 CFR 41.102; or 

I. abandonment of the application. 

Telephone inquiries with regard to this decision should be directed to Vanitha Elgart at 571-272-7395. 

Nanitha Elgart/ 
Vanitha Elgart 
[Signature] 

U.S. Patent and Trademark Office 
PTO-2298 (Rev. 02-2012) 

Petitions Examiner, Office of Petitions 
(Title) 
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Office of Petitions: Decision Count Sheet Mailing Month I 

Application No. 15678342 
I 

I llllll lllll lllll lllll lllll lllll 111111111111111111 
* 1 5 6 7 8 3 4 2 * 

For US serial numbers: enter number only, no slashes or commas. Ex: 10123456 

For PCT: enter "51 +single digit of year of filing+last 5 numbers", Ex. for PCT/US05/12345, enter 51512345 

Deciding Official: I ELGART, VANITHA 
I 

Count (1) - Palm Credit 15/678,342 

Decision: ! GRANT .,... j 
~ FINANCE WORK NEEDED --• 

111111111111111111 IIIIII IIIII II IIII 
8 ........... 3 

[] ... Select.Check.Box for.YES * G R A N T * 

11111111111111111 IIII IIII 
.::-................................................................................................................................................................................................................................................................................................................................................................................................................................... , 

Decision Type: l 643 - Track One request • l 
:;, ................ ❖ 

* 6 4 3 * 

Notes: 

Count (2) 

Decision: ! n/a .,:J ~ FINANCE WORK NEEDED --. 

~] .. Select.Check.Box.for YES 

Decision Type: 
,.; .................................................................................................................................................................................................................................................................................................................................................................................................................................... 
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Transgenic Plants With Enhanced Agronomic Traits 

Cross Reference To Related Applications 

This application claims benefit under 35USC § 119(e) of United States provisional 

application Serial No. 60/958,909, filed 07/10/2007 herein incorporated by reference in its 

entirety. 

Incorporation of Sequence Listing 

Two copies of the sequence listing (Copy 1 and Copy 2) and a computer readable 

10 form (CRF) of the sequence listing, all on CD-Rs, each containing the text file named 38-

21 (54973)A_seqListing.txt, which is 105,877,504 bytes (measured in MS-WINDOWS), were 

created on July 10, 2008 and are herein incorporated by reference. 

Field of The Invention 

15 Disclosed herein are recombinant DNA useful for providing enhanced traits to 

20 

transgenic plants, seeds, pollen, plant cells and plant nucleui of such transgenic plants, 

methods of making and using such recombinant DNA, plants, seeds, pollen, plant cells and 

plant nuclei. Also disclosed are methods of producing hybrid seed comprising such 

recombinant DNA. 

Summary of The Invention 

This invention employs recombinant DNA for expression of proteins that are useful 

for imparting enhanced agronomic traits to the transgenic plants. Recombinant DNA in this 

invention is provided in a construct comprising a promoter that is functional in plant cells and 

25 that is operably linked to a DNA segment that encodes a protein. In some embodiments of the 

invention, such protein defined by protein domains e.g. a "Pfam domain module" (as defined 

herein below) from the group of Pfam domain modules identified in Table 11. In other 

embodiments of the invention, e.g. where a Pfam domain module is not available, such 

protein is defined a consensus amino acid sequence of an encoded protein that is targeted for 

30 production e.g. a protein having amino acid sequence with at least 90% identity to a 

consensus amino acid sequence in the group of SEQ ID NO: 30526 through SEQ ID NO: 

30550. In more specific embodiments of the invention the protein expressed in plant cells is a 

protein selected from the group of proteins identified in Table 2 and their homologs identified 

in Table 8. 

- 1 -
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Other aspects of the invention are specifically directed to plant cell nuclei and 

transgenic cells comprising the recombinant DNA construct of the invention, transgenic 

plants comprising a plurality of such plant cells, progeny transgenic seed, embryo and 

transgenic pollen from such plants. Such transgenic plants are selected from a population of 

5 transgenic plants regenerated from plant cells transformed with recombinant DNA construct 

and expressed the protein by screening transgenic plants in the population for an enhanced 

trait as compared to control plants that do not have the recombinant DNA construct, where 

the enhanced trait is selected from group of enhanced traits consisting of enhanced water use 

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

10 enhanced seed protein and enhanced seed oil. 

In yet another aspect of the invention the plant cell nuclei, plant cells, transgenic 

plants, seeds, and pollen further comprise recombinant DNA expressing a protein that 

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

type plant cell. Such tolerance is especially useful not only as an advantageous trait in such 

15 plants but is also useful in a selection step in the methods of the invention. In aspects of the 

invention such herbicide is a glyphosate, dicamba, or glufosinate compound. 

20 

Yet other aspects of the invention provide transgenic plants which are homozygous 

for the recombinant DNA and transgenic seed of the invention from corn, soybean, cotton, 

canola, alfalfa, wheat or rice plants. 

This invention also provides methods for manufacturing non-natural, transgenic seed 

that can be used to produce a crop of transgenic plants with an enhanced trait resulting from 

expression of stably-integrated, recombinant DNA construct provided by herein. More 

specifically the method comprises (a) screening a population of plants for an enhanced trait 

and a recombinant DNA construct of the invention, where individual plants in the population 

25 can exhibit the trait at a level less than, essentially the same as or greater than the level that 

the trait is exhibited in control plants which do not express the recombinant DNA, (b) 

selecting from the population one or more plants that exhibit the trait at a level greater than 

the level that said trait is exhibited in control plants, and (c) collecting seed from a selected 

plant. The method further comprises (d) verifying that the recombinant DNA construct is 

30 stably integrated in said selected plants, and (e) analyzing tissue of a selected plant to 

determine the production of a protein having the function of a protein selected from SEQ ID 

NO: 299 through SEQ ID NO: 30468. In one aspect of the invention the plants in the 

population further comprise DNA expressing a protein that provides tolerance to exposure to 

a herbicide applied at levels that are lethal to wild type plant cells and the selecting is affected 

- 2 -
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by treating the population with the herbicide, e.g. a glyphosate, dicamba, or glufosinate 

compound. In another aspect of the invention the plants are selected by identifying plants 

with the enhanced trait. The methods are especially useful for manufacturing com, soybean, 

cotton, canola, alfalfa, wheat or rice seed. 

5 Another aspect of the invention provides a method of producing hybrid corn seed 

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

stably-integrated, recombinant DNA construct comprising a promoter that is (a) functional in 

plant cells and (b) is operably linked to DNA that encodes a protein provided by the 

invention. The methods further comprise producing com plants from the hybrid corn seed, 

10 wherein a fraction of the plants produced from said hybrid corn seed is homozygous for said 

recombinant DNA, a fraction of the plants produced from said hybrid corn seed is 

hemizygous for the recombinant DNA construct, and a fraction of the plants produced from 

said hybrid com seed has none of the recombinant DNA construct; selecting com plants 

which are homozygous and hemizygous for the recombinant DNA construct by treating with 

15 an herbicide; collecting seed from herbicide-treated-surviving corn plants and planting the 

seed to produce further progeny corn plants; repeating the selecting and collecting steps at 

least once to produce an inbred com line; and crossing the inbred com line with a second 

com line to produce hybrid seed. 

20 

25 

Brief Description Of The Drawsings 

Figure 1 is a consensus amino acid sequence of SEQ ID NO: 301 and its homologs. 

Figures 2-4 are plasmid maps. 

Detailed Description Of The Invention 

In the attached sequence listing: 

SEQ ID NO: 1-298 are nucleotide sequences of the coding strand of DNA for "genes" 

used in the recombinant DNA imparting an enhanced trait in plant cells, i.e. each represents a 

coding sequence for a prot~in; 

SEQ ID NO: 299-596 are amino acid sequences of the cognate protein of the "genes" 

30 with nucleotide coding sequences 1-298; 

SEQ ID NO: 597-30468 are amino acid sequences of homologous proteins; 

SEQ ID NO: 30469-30520 are nucleotide sequences of the elements in base plasmid 

vectors 

- 3 -
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SEQ ID NO: 30521 is a nucleotide sequence of a base plasmid vector useful for com 

transformation; 

SEQ ID NO: 30522 is a nucleotide sequence of a base plasmid vector useful for 

soybean and canola transformation; 

SEQ ID NO: 30523 is a nucleotide sequence of a base plasmid vector useful for 

cotton transformation; 

SEQ ID NO: 30524 is a nucleotide sequence of a Sphasl promoter from soybean; 

SEQ ID NO: 30525 is a nucleotide sequence of a Sphas 1 leader from soybean. 

SEQ ID NO: 30526-30550 are consensus sequences. 

Table 1 lists the protein SEQ ID NOs and their corresponding consensus SEQ ID 

NOs. 

Table 1. 

Gene ID PEP SEQ ID NO Consensus SEQ ID NO 
PHE0006007 18714 301 30526 
PH E0006460 15962 453 30527 
PHE0006657 16192 334 30528 
PHE0006712 16273 415 30529 
PHE0006859 16873 376 30530 
PHE0006907 16797 594 30531 
PHE0006936 16828 348 30532 
PHE0006969 16871 428 30533 
PHE0007578 17852 446 30534 
PHE0007650 18175 358 30535 
PHE0008172 18471 397 30536 
PHE0008308 18841 392 30537 
PHE0008340 19155 410 30538 
PHE0008422 18842 412 30539 
PHE0008698 24421 364 30540 
PHE0010197 21429 569 30541 
PHE0010201 21433 576 30542 
PHE0010201 21768 574 30543 
PHE0010223 21491 545 30544 
PHE0010397 21762 538 30545 
PHE0010398 21763 539 30546 
PHE0010615 22400 510 30547 
PHE0010838 22702 575 30548 
PHE0011447 23660 586 30549 
PHE0012170 24424 572 30550 

As used herein a "plant cell" means a plant cell that is transformed with stably-

15 integrated, non-natural, recombinant DNA construct, e.g. by Agrobacterium-mediated 

transformation or by baombardment using microparticles coated with recombinant DNA 

-4-
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construct or other means. A plant cell of this invention can be an originally-transformed 

plant cell that exists as a microorganism or as a progeny plant cell that is regenerated into 

differentiated tissue, e.g. into a transgenic plant with stably-integrated, non-natural 

recombinant DNA, or seed or pollen derived from a progeny transgenic plant. 

5 As used herein a "transgenic plant" means a plant whose genome has been altered by 

the stable integration of recombinant DNA construct. A transgenic plant includes a plant 

regenerated from an originally-transformed plant cell and progeny transgenic plants from 

later generations or crosses of a transformed plant. 

As used herein "recombinant DNA" means DNA which has been a genetically 

10 engineered and constructed outside of a cell including DNA containing naturally occurring 

DNA or cDNA or synthetic DNA. 

As used herein "consensus sequence" means an artificial sequence of amino acids in a 

conserved region of an alignment of amino acid sequences of homologous proteins, e.g. as 

determined by a CLUST AL W alignment of amino acid sequence of homolog proteins. 

15 As used herein a "homolog" means a protein in a group of proteins that perform the 

same biological function, e.g. proteins that belong to the same Pfam protein family and that 

provide a common enhanced trait in transgenic plants of this invention. Homologs are 

expressed by homologous genes. Homologous genes include naturally occurring alleles and 

artificially-created variants. Degeneracy of the genetic code provides the possibility to 

20 substitute at least one base of the protein encoding sequence of a gene with a different base 

without causing the amino acid sequence of the polypeptide produced from the gene to be 

changed. Hence, a polynucleotide useful in the present invention may have any base 

sequence that has been changed from SEQ ID NO: 1 through SEQ ID NO: 298 substitution in 

accordance with degeneracy of the genetic code. Homologs are proteins that, when optimally 

25 aligned, have at least 60% identity, more preferably about 70% or higher, more preferably at 

least 80% and even more preferably at least 90% identity over the full length of a protein 

identified as being associated with imparting an enhanced trait when expressed in plant cells. 

Homologs include proteins with an amino acid sequence that has at least 90% identity to a 

consensus amino acid sequence of proteins and homologs disclosed herein. 

30 Homologs are identified by comparison of amino acid sequence, e.g. manually or by 

use of a computer-based tool using known homology-based search algorithms such as those 

commonly known and referred to as BLAST, FASTA, and Smith-Waterman. A local 

sequence alignment program, e.g. BLAST, can be used to search a database of sequences to 

find similar sequences, and the summary Expectation value (E-value) used to measure the 

-5-
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sequence base similarity. As a protein hit with the best E-value for a particular organism may 

not necessarily be an ortholog or the only ortholog, a reciprocal query is used in the present 

invention to filter hit sequences with significant E-values for ortholog identification. The 

reciprocal query entails search of the significant hits against a database of amino acid 

5 sequences from the base organism that are similar to the sequence of the query protein. A hit 

is a likely ortholog, when the reciprocal query's best hit is the query protein itself or a protein 

encoded by a duplicated gene after speciation. A further aspect of the invention comprises 

functional homolog proteins that differ in one or more amino acids from those of disclosed 

protein as the result of conservative amino acid substitutions, for example substitutions are 

10 among: acidic (negatively charged) amino acids such as aspartic acid and glutamic acid; basic 

(positively charged) amino acids such as arginine, histidine, and lysine; neutral polar amino 

acids such as glycine, serine, threonine, cysteine, tyrosine, asparagine, and glutamine; neutral 

nonpolar (hydrophobic) amino acids such as alanine, leucine, isoleucine, valine, proline, 

phenylalanine, tryptophan, and methionine; amino acids having aliphatic side chains such as 

15 glycine, alanine, valine, leucine, and isoleucine; amino acids having aliphatic-hydroxyl side 

chains such as serine and threonine; amino acids having amide-containing side chains such as 

asparagine and glutamine; amino acids having aromatic side chains such as phenylalanine, 

tyrosine, and tryptophan; amino acids having basic side chains such as lysine, arginine, and 

histidine; amino acids having sulfur-containing side chains such as cysteine and methionine; 

20 naturally conservative amino acids such as valine-leucine, valine-isoleucine, phenylalanine­

tyrosine, lysine-arginine, alanine-valine, aspartic acid-glutamic acid, and asparagine­

glutamine. A further aspect of the homologs encoded by DNA useful in the transgenic plants 

of the invention are those proteins that differ from a disclosed protein as the result of deletion 

or insertion of one or more amino acids in a native sequence. 

25 "Percent identity" describes the extent to which the sequences of DNA or protein 

segments are invariant throughout a window of alignment of nucleotide or amino acid 

sequences. An "identity fraction" for a sequence aligned with a reference sequence is the 

number of identical components which are shared by the sequences, divided by a length of 

the window of alignment, wherein the length does not include gaps introduced by an 

30 alignment algorithm. "Percent identity" ("% identity") is the identity fraction times 100. The 

alignment algorithm is preferably a local alignment algorithm, such as BLASTp. As used 

herein, sequences are "aligned" when the alignment produced by BLASTp has a minimal e­

value. 

"Pfam" database is a large collection of multiple sequence alignments and hidden 
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Markov models covering many common protein families, e.g. Pfam version 19.0 (December 

2005) contains alignments and models for 8183 protein families and is based on the 

Swissprot 47.0 and SP-TrEMBL 30.0 protein sequence databases. See S.R. Eddy, "Profile 

Hidden Markov Models", Bioinformatics 14:755-763, 1998. The Pfam database is currently 

5 maintained and updated by the Pfam Consortium. The alignments represent some 

evolutionary conserved structure that has implications for the protein's function. Profile 

hidden Markov models (profile HMMs) built from the protein family alignments are useful 

for automatically recognizing that a new protein belongs to an existing protein family even if 

the homology by alignment appears to be low. 

10 Protein domains are identified by querying the amino acid sequence of a protein 

against Hidden Markov Models which characterize protein family domains ("Pfam domains") 

using HMMER software, a current version of which is publicly available from the Pfam 

Consortium. A protein domain meeting the gathering cutoff for the alignment of a particular 

Pfam domain is considered to contain the Pfam domain. · 

15 A "Pfam domain module" is a representation of Pfam domains in a protein, in order 

from N terminus to C terminus. In a Pfam domain module individual Pfam domains are 

separated by double colons ": :". The order and copy number of the Pfam domains from N to 

C terminus are attributes of a Pfam domain module. Although the copy number of repetitive 

domains is important, varying copy number often enables a similar function. Thus, a Pfam 

20 domain module with multiple copies of a domain should define an equivalent Pfam domain 

module with variance in the number of multiple copies. A Pfam domain module is not 

specific for distance between adjacent domains, but contemplates natural distances and 

variations in distance that provide equivalent funtion. The Pfam database contains both 

narrowly- and broadly-defined domains, leading to identification of overlapping domains on 

25 some proteins. A Pfam domain module is characterized by non-overlapping domains. Where 

there is overlap, the domain having a function that is more closely associated with the 

function of the protein (based on the E value of the Pfam match) is selected. 

Once one DNA is identified as encoding a protein which imparts an enhanced trait 

when expressed in transgenic plants, other DNA encoding proteins with the same Pfam 

30 domain module are identified by querying the amino acid sequence of protein encoded by . 

candidate DNA against the Hidden Markov Models which characterizes the Pfam domains 

using HMMER software. Candidate proteins meeting the same Pfam domain module are in 

the protein family and have cognate DNA that is useful in constructing recombinant DNA for 

the use in the plant cells of this invention. Hidden Markov Model databases for use with 
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HMMER software in identifying DNA expressing protein with a common Pfam domain 

module for recombinant DNA in the plant cells of this invention are also publicly available 

from the Pfam Consortium. 

The HMMER software and Pfam databases are version 19.0 and were used to identify 

5 known domains in the proteins corresponding to amino acid sequence of SEQ ID NO: 299 

through SEQ ID NO: 596. All DNA encoding proteins that have scores higher than the 

gathering cutoff disclosed in Table 14 by Pfam analysis disclosed herein can be used in 

recombinant DNA of the plant cells of this invention, e.g. for selecting transgenic plants 

having enhanced agronomic traits. The relevant Pfams modules for use in this invention, as 

10 more specifically disclosed below, are zf-CCCH, PALP, GAF::HisKA::HATPase_c, 

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, Sl, GDC-P, SWIM, 

B 12-binding: :Radical_SAM, S 1, LRR_l: :LRR_l: :LRR_l: :LRR_l ::LRR_l: :LRR_l: :LRR_l, 

Chloroa_b-bind, 

15 LRRNT_2::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LR 

R_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, YABBY, 

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, 

20 tRNA_anti::tRNA-synt_2, Auxin_inducible, PGI, Sl, Chloroa_b-bind, Bac_globin, 

Glyco_hydro_l 7, MGS, 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::LR 

R_l::LRR_l::LRR_l ::LRR_l::LRR_l::LRR_l::Pkinase_Tyr, Gln-synt_N::Gln-synt_C, 

25 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, Tim17, 

Oxidored_molyb: :Mo-co_dimer: :Cyt-b5: :FAD _binding_6: :NAD _binding_l, 

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

30 Spermine_synth, AP2, Peptidase_SlO, PALP, EIN3, Gln-synt_N::Gln-synt_C, 2OO­

FeII_Oxy, Glyco_hydro_9, GDC-P, B3, PTPA, Acyltransferase, Isochorismatase, FMO-like, 

Molybdop_Fe4S4::Molybdopterin::Molydop_binding::Fer2_BFD, Lirl, Prismane, Fer2, 

DEAD: :Helicase_ C, Molybdop_Fe4S4: :Molybdopterin: :Mol ydop_binding: :Fer2_BFD, 

KNOX1::KNOX2::ELK, Glyoxalase, Sadl_UNC, Bac_globin, VPS28, PP2C, 
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Pkinase::efhand::efhand::efhand, LEA_3, Peptidase_SlO, Pkinase, CBFD_NFYB_HMF, 

Gln-synt_N: :Gln-s ynt_ 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, 2OG-Fell_Oxy, Gln-synt_N::Gln-synt_C, AAA::Vps4_C, 

5 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, 2OO­

Fell_Oxy, Globin, Pyr_redox_2::Fer2_BFD::NIR_SIR_ferr::NIR_SIR, Whirly, PsbP, 

10 bZIP_l, 

LRRNT_2::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LRR_l::LR 

R_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, 

Homeobox::START, Pkinase, ParBc, SOUL, DNA_photolyase::FAD_binding_7, 

15 Pkinase_Tyr, 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, SlO_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, 

20 CorA, Response_reg, Histone, AAA, Ribosomal_LlOe, Pkinase, DUF26::DUF26::Pkinase, 

p450, mTERF, AA_kinase, PBP, GUN4, Lactamase_B::Flavodoxin_l::Rubredoxin, C2, 

RRM_l::RRM_l, Histone, Alpha-amylase, 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, 

25 Glyco_transf_5::Glycos_transf_l, Cellulase, Ribosomal_LlOe, Spermine_synth, 

Glyco_hydro_2_N::Glyco_hydro_2::Glyco_hydro_2_C, TP _methylase, AP2::AP2, Histone, 

Response_reg::CCT, Histone_HNS, DUF1716, p450, GATA, Pkinase, Sugar_tr, Aa_trans, 

Pribosyltran, Ribosomal_LlOe, HLH, PMSR, DnaJ::DnaJ_CXXCXGXG::DnaJ_C, 

DUF1005, Glyco_transf_5::Glycos_transf_l, Sperrnine_synth, Sl::EIF _2_alpha, RGS, 

30 Na_sulph_symp, Sl, MtN3_slv::MtN3_slv, Lactamase_B::Flavin_Reduct, 

LRRNT_2::LRR_l: :LRR_l ::LRR_l ::LRR_l ::LRR_l ::LRR_l: :LRR_l: :LRR_l ::LRR_l: :LR 

R_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, 
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DUF6::TPT, Proteasome, PsbW _2, Glyco_hydro_9, NAD_binding_2::6PGD, 

Sl::EIF_2_alpha, Homeobox::START::MEKHLA, Sl, Isoamylase_N::Alpha-amylase, 

E2F..:..TDP, and Rieske::PaO. 

As used herein "promoter" means regulatory DNA for initializing transcription. A 

5 "plant promoter" is a promoter capable of initiating transcription in plant cells whether or not 

its origin is a plant cell, e.g. is it well known that Agrobacterium promoters are functional in 

plant cells. Thus, plant promoters include promoter DNA obtained from plants, plant viruses 

and bacteria such as Agrobacterium and Bradyrhizobium bacteria. Examples of promoters 

under developmental control include promoters that preferentially initiate transcription in 

10 certain tissues, such as leaves, roots, or seeds. Such promoters are referred to as "tissue 

preferred". Promoters that initiate transcription only in certain tissues are referred to as 

"tissue specific". A "cell type" specific promoter primarily drives expression in certain cell 

types in one or more organs, for example, vascular cells in roots or leaves. An "inducible" or 

"repressible" promoter is a promoter which is under environmental control. Examples of 

15 environmental conditions that may effect transcription by inducible promoters include 

anaerobic conditions, or certain chemicals, or the presence of light. Tissue specific, tissue 

preferred, cell type specific, and inducible promoters constitute the class of "non-constitutive" 

promoters. A "constitutive" promoter is a promoter which is active under most conditions. 

As used herein "operably linked" means the association of two or more DNA 

20 fragments in a DNA construct so that the function of one, e.g. protein-encoding DNA, is 

controlled by the other, e.g. a promoter. 

As used herein "expressed" means produced, e.g. a protein is expressed in a plant cell 

when its cognate DNA is transcribed to mRNA that is translated to the protein. 

As used herein a "control plant" means a plant that does not contain the recombinant 

25 DNA that expressed a protein that impart an enhanced trait. A control plant is to identify and 

select a transgenic plant that has an enhance trait. A suitable control plant can be a non­

transgenic plant of the parental line used to generate a transgenic plant, i.e. devoid of 

recombinant DNA. A suitable control plant may in some cases be a progeny of a hemizygous 

transgenic plant line that is does not contain the recombinant DNA, known as a negative 

30 segregant. 

As used herein an "enhanced trait" means a characteristic of a transgenic plant that 

includes, but is not limited to, an enhance agronomic trait characterized by enhanced plant 

morphology, physiology, growth and development, yield, nutritional enhancement, disease or 

pest resistance, or environmental or chemical tolerance. In. more specific aspects of this 
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invention enhanced trait is selected from group of enhanced traits consisting of enhanced 

water use efficiency, enhanced cold tolerance, increased yield, enhanced nitrogen use 

efficiency, enhanced seed protein and enhanced seed oil. In an important aspect of the 

invention the enhanced trait is enhanced yield including increased yield under non-stress 

5 conditions and increased yield under environmental stress conditions. Stress conditions may 

include, for example, drought, shade, fungal disease, viral disease, bacterial disease, insect 

infestation, nematode infestation, cold temperature exposure, heat exposure, osmotic stress, 

reduced nitrogen nutrient availability, reduced phosphorus nutrient availability and high plant 

density. "Yield" can be affected by many properties including without limitation, plant 

10 height, pod number, pod position on the plant, number of intemodes, incidence of pod 

shatter, grain size, efficiency of nodulation and nitrogen fixation, efficiency of nutrient 

assimilation, resistance to biotic and abiotic stress, carbon assimilation, plant architecture, 

resistance to lodging, percent seed germination, seedling vigor, and juvenile traits. Yield can 

also be affected by efficiency of germination (including germination in stressed conditions), 

15 growth rate (including growth rate in stressed conditions), ear number, seed number per ear, 

seed size, composition of seed (starch, oil, protein) and characteristics of seed fill. 

Increased yield of a transgenic plant of the present invention can be measured in a 

number of ways, including test weight, seed number per plant, seed weight, seed number per 

unit area (i.e. seeds, or weight of seeds, per acre), bushels per acre, tonnes per acre, tons per 

20 acre, kilo per hectare. For example, maize yield may be measured as production of shelled 

com kernels per unit of production area, for example in bushels per acre or metric tons per 

hectare, often reported on a moisture adjusted basis, for example at 15.5 percent moisture. 

Increased yield may result from improved utilization of key biochemical compounds, such as 

nitrogen, phosphorous and carbohydrate, or from improved responses to environmental 

25 stresses, such as cold, heat, drought, salt, and attack by pests or pathogens. Recombinant 

DNA used in this invention can also be used to provide plants having improved growth and 

development, and ultimately increased yield, as the result of modified expression of plant 

growth regulators or modification of cell cycle or photosynthesis pathways. Also of interest 

is the generation of transgenic plants that demonstrate enhanced yield with respect to a seed 

30 component that may or may not correspond to an increase in overall plant yield. Such 

properties include enhancements in seed oil, seed molecules such as tocopherol, protein and 

starch, or oil particular oil components as may be manifest by an alterations in the ratios of 

seed components. 
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A subset of the nucleic molecules of this invention includes fragments of the 

disclosed recombinant DNA consisting of oligonucleotides of at least 15, preferably at least 

16 or 17, more preferably at least 18 or 19, and even more preferably at least 20 or more, 

consecutive nucleotides. Such oligonucleotides are fragments of the larger molecules having 

5 a sequence selected from the group consisting of SEQ ID NO:l through SEQ ID NO: 298, 

and find use, for example as probes and primers for detection of the polynucleotides of the 

present invention. 

In some embodiments of the invention a constitutively active mutant, e.g. SEQ ID NO 

: 203, is constructed to achieve the desired effect. In other embodiments of the invention, a 

10 dominant negative gene is constructed to adversely affect the normal, wild-type gene product 

within the same cell. 

DNA constructs are assembled using methods well known to persons of ordinary skill 

in the art and typically comprise a promoter operably linked to DNA, the expression of which 

provides the enhanced agronomic trait. Other construct components may include additional 

15 regulatory elements, such as 5' leasders and introns for enhancing transcription, 3' 

untranslated regions (such as polyadenylation signals and sites), DNA for transit or signal 

peptides. 

Numerous promoters that are active in plant cells have been described in the 

literature. These include promoters present in plant genomes as well as promoters from other 

20 sources, including nopaline synthase (NOS) promoter and octopine synthase (OCS) 

promoters carried on tumor-inducing plasmids of Agrobacterium tumefaciens and the 

CaMV35S promoters from the cauliflower mosaic virus as disclosed in US Patents No. 

5,164,316 and 5,322,938. Useful promoters derived from plant genes are found in U.S. 

Patent 5,641,876, which discloses a rice actin promoter, U.S. Patent No. 7,151,204, which 

25 discloses a maize chloroplast aldolase promoter and a maize aldolase (FDA) promoter, and 

U.S. Patent Application Publication 2003/0131377 Al, which discloses a maize 

nicotianamine synthase promoter, all of which are incorporated herein by reference. These 

and numerous other promoters that function in plant cells are known to those skilled in the art 

and available for use in recombinant polynucleotides of the present invention to provide for 

30 expression of desired genes in transgenic plant cells. 

In other aspects of the invention, preferential expression in plant green tissues is 

desired. Promoters of interest for such uses include those from genes such as Arabidopsis 

thaliana ribulose-1,5-bisphosphate carboxylase (Rubisco) small subunit (Fischhoff et al. 

(1992) Plant Mol Biol. 20:81-93), aldolase and pyruvate orthophosphate dikinase (PPDK) 
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(Taniguchi et al. (2000) Plant Cell Physiol. 41(1):42-48). 

Furthermore, the promoters may be altered to contain multiple "enhancer sequences" 

to assist in elevating gene expression. Such enhancers are known in the art. By including an 

enhancer sequence with such constructs, the expression of the selected protein may be 

5 enhanced. These enhancers often are found 5' to the start of transcription in a promoter that 

functions in eukaryotic cells, but can often be inserted upstream (5') or downstream (3') to the 

coding sequence. In some instances, these 5' enhancing elements are introns. Particularly 

useful as enhancers are the 5' introns of the rice actin 1 (see US Patent 5,641,876) and rice 

actin 2 genes, the maize alcohol dehydrogenase gene intron, the maize heat shock protein 70 

10 gene intron (U.S. Patent 5,593,874) and the maize shrunken 1 gene. 

In other aspects of the invention, sufficient expression in plant seed tissues is desired 

to affect improvements in seed composition. Exemplary promoters for use for seed 

composition modification include promoters from seed genes such as napin (U.S. 5,420,034), 

maize L3 oleosin (U.S. 6,433,252), zein Z27 (Russell et al. (1997) Transgenic Res. 6(2):157-

15 166), globulin 1 (Belanger et al (1991) Genetics 129:863-872), glutelin 1 (Russell (1997) 

supra), and peroxiredoxin antioxidant (Perl) (Stacy et al. (1996) Plant Mol Biol. 31(6):1205-

1216). 

Recombinant DNA constructs prepared in accordance with the invention will also 

generally include a 3' element that typically contains a polyadenylation signal and site. Well-

20 known 3' elements include those from Agrobacterium tumefaciens genes such as nos 3 ', tml 

3', tmr 3', tms 3', ocs 3', tr7 3', for example disclosed in U.S. 6,090,627, incorporated herein 

by reference; 3' elements from plant genes such as wheat (Triticum aesevitum) heat shock 

protein 17 (Hspl7 3'), a wheat ubiquitin gene, a wheat fructose-1,6-biphosphatase gene, a 

rice glutelin gene, a rice lactate dehydrogenase gene and a rice beta-tubulin gene, all of which 

25 are disclosed in U.S. published patent application 2002/0192813 Al, incorporated herein by 

reference; and the pea (Pisum sativum) ribulose biphosphate carboxylase gene (rbs 3'), and 3' 

elements from the genes within the host plant. 

Constructs and vectors may also include a transit peptide for targeting of a gene to a 

plant organelle, particularly to a chloroplast, leucoplast or other plastid organelle. For 

30 descriptions of the use of chloroplast transit peptides see U.S. Patent 5, 188,642 and U.S. 

Patent No. 5,728,925, incorporated herein by reference. For description of the transit peptide 

region of an Arabidopsis EPSPS gene useful in the present invention, see Klee, H.J. et al 

(MGG (1987) 210:437-442). 
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Transgenic plants comprising or derived from plant cells of this invention transformed 

with recombinant DNA construct can be further enhanced with stacked traits, e.g. a crop 

plant having an enhanced trait resulting from expression of DNA disclosed herein in 

combination with herbicide and/or pest resistance traits. For example, genes of the current 

5 invention can be stacked with other traits of agronomic interest, such as a trait providing 

herbicide resistance, or insect resistance, such as using a gene from Bacillus thuringensis to 

provide resistance against lepidopteran, coliopteran, homopteran, hemiopteran, and other 

insects. Herbicides for which transgenic plant tolerance has been demonstrated and the 

method of the present invention can be applied include, but are not limited to, glyphosate, 

10 dicamba, glufosinate, sulfonylurea, bromoxynil and norflurazon herbicides. Polynucleotide 

molecules encoding proteins involved in herbicide tolerance are well-known in the art and 

include, but are not limited to, a polynucleotide molecule encoding 5-enolpyruvylshikimate-

3-phosphate synthase (EPSPS) disclosed in U.S. Patent 5,094,945; 5,627,061; 5,633,435 and 

6,040,497 for imparting glyphosate tolerance; polynucleotide molecules encoding a 

15 glyphosate oxidoreductase (GOX) disclosed in U.S. Patent 5,463,175 and a glyphosate-N­

acetyl transferase (GAT) disclosed in U.S. Patent Application publication 2003/0083480 Al 

also for imparting glyphosate tolerance; dicamba monooxygenase disclosed in U.S. Patent 

Application publication 2003/0135879 Al for imparting dicamba tolerance; a polynucleotide 

molecule encoding bromoxynil nitrilase (Bxn) disclosed in U.S. Patent 4,810,648 for 

20 imparting bromoxynil tolerance; a polynucleotide molecule encoding phytoene_ desaturase 

(crtl) described in Misawa et al, (1993) Plant J. 4:833-840 and in Misawa et al, (1994) Plant 

J. 6:481-489 for norflurazon tolerance; a polynucleotide molecule encoding 

acetohydroxyacid synthase (AHAS, aka ALS) described in Sathasiivan et al. (1990) Nucl. 

Acids Res. 18:2188-2193 for imparting tolerance to sulfonylurea herbicides; polynucleotide 

25 molecules known as bar genes disclosed in DeBlock, et al. (1987) EMBO J. 6:2513-2519 for 

imparting glufosinate and bialaphos tolerance; polynucleotide molecules disclosed in U.S. 

Patent Application Publication 2003/010609 Al for imparting N-amino methyl phosphonic 

acid tolerance; polynucleotide molecules disclosed in U.S. Patent 6,107,549 for impartinig 

pyridine herbicide resistance; molecules and methods for imparting tolerance to multiple 

30 herbicides such as glyphosate, atrazine, ALS inhibitors, isoxoflutole and glufosinate 

herbicides are disclosed in U.S. Patent 6,376,754 and U.S. Patent Application Publication 

2002/0112260, all of said U.S. Patents and Patent Application Publications are incorporated 

herein by reference. Molecules and methods for imparting insect/nematode/virus resistance 
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are disclosed in U.S. Patents 5,250,515; 5,880,275; 6,506,599; 5,986,175 and U.S. Patent 

Application Publication 2003/0150017 A 1, all of which are incorporated herein by reference. 

Plant Cell Transformation Methods 

Numerous methods for transforming chromosomes in a plant cell nucleus with 

recombinant DNA are known in the art and are used in methods of preparing a transgenic 

plant cell nucleus cell, and plant. Two effective methods for such transformation are 

Agrobacterium-mediated transformation and microprojectile bombardment. Microprojectile 

bombardment methods are illustrated in U.S. Patents 5,015,580 (soybean); 5,550,318 (com); 

10 5,538,880 (corn); 5,914,451 (soybean); 6,160,208 (corn); 6,399,861 (corn); 6,153,812 

(wheat) and 6,365,807 (rice) and Agrobacterium-mediated transformation is described in U.S. 

Patents 5,159,135 (cotton); 5,824,877 (soybean); 5,463,174 (canola); 5,591,616 (corn); 

6,384,301 (soybean), 7,026,528 (wheat) and 6,329,571 (rice), all of which are incorporated 

herein by reference. Transformation of plant material is practiced in tissue culture on a 

15 nutrient media, i.e. a mixture of nutrients that will allow cells to grow in vitro. Recipient cell 

targets include, but are not limited to, meristem cells, hypocotyls, calli, immature embryos 

and gametic cells such as microspores, pollen, sperm and egg cells. Callus may be initiated 

from tissue sources including, but not limited to, immature embryos, hypocotyls, seedling 

apical meristems, microspores and the like. Cells containing a transgenic nucleus are grown 

20 into transgenic plants. 

In addition to direct transformation of a plant material with a recombinant DNA, a 

transgenic plant cell nucleus can be prepared by crossing a first plant having cells with a 

transgenic nucleus with recombinant DNA with a second plant lacking the trangenci nucleus. 

For example, recombinant DNA can be introduced into a nucleus from a first plant line that is 

25 amenable to transformation to transgenic nucleus in cells that are grown into a transgenic 

plant which can be crossed with a second plant line to introgress the recombinant DNA into 

the second plant line. A transgenic plant with recombinant DNA providing an enhanced trait, 

e.g. enhanced yield, can be crossed with transgenic plant line having other recombinant DNA 

that confers another trait, for example herbicide resistance or pest resistance, to produce 

30 progeny plants having recombinant DNA that confers both traits. Typically, in such breeding 

for combining traits the transgenic plant donating the additional trait is a male line and the 

transgenic plant carrying the base traits is the female line. The progeny of this cross will 

segregate such that some of the plants will carry the DNA for both parental traits and some 

will carry DNA for one parental trait; such plants can be identified by markers associated 
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with parental recombinant DNA, e.g. marker identification by analysis for recombinant DNA 

or, in the case where a selectable marker is linked to the recombinant, by application of the 

selecting agent such as a herbicide for use with a herbicide tolerance marker, or by selection 

for the enhanced trait. Progeny plants carrying DNA for both parental traits can be crossed 

5 back into the female parent line multiple times, for example usually 6 to 8 generations, to 

produce a progeny plant with substantially the same genotype as one original transgenic 

parental line but for the recombinant DNA of the other transgenic parental line 

In the practice of transformation DNA is typically introduced into only a small 

percentage of target plant cells in any one transformation experiment. Marker genes are used 

10 to provide an efficient system for identification of those cells that are stably transformed by 

receiving and integrating a recombinant DNA molecule into their genomes. Preferred marker 

genes provide selective markers which confer resistance to a selective agent, such as an 

antibiotic or a herbicide. Any of the herbicides to which plants of this invention may be 

resistant are useful agents for selective markers. Potentially transformed cells are exposed to 

15 _the selective agent. In the population of surviving cells will be those cells where, generally, 

the resistance-conferring gene is integrated and expressed at sufficient levels to permit cell 

survival. Cells may be tested further to confirm stable integration of the exogenous DNA. 

Commonly used selective marker genes include those conferring resistance to antibiotics 

such as kanamycin and paromomycin (nptl[), hygromycin B (aph IV), spectinomycin (aadA) 

20 and gentamycin (aac3 and aacC4) or resistance to herbicides such as glufosinate (bar or pat), 

dicamba (DMO) and glyphosate (aroA or EPSPS). Examples of such selectable markers are 

illustrated in U.S. Patents 5,550,318; 5,633,435; 5,780,708 and 6,118,047, all of which are 

incorporated herein by reference. Selectable markers which provide an ability to visually 

identify transformants can also be employed, for example, a gene expressing a colored or 

25 fluorescent protein such as a luciferase or green fluorescent protein (GFP) or a gene 

expressing a beta-glucuronidase or uidA gene (GUS) for which various chromogenic 

substrates are known. 

Plant cells that survive exposure to the selective agent, or plant cells that have been 

scored positive in a screening assay, may be cultured in regeneration media and allowed to 

30 mature into plants. Developing plantlets regenerated from transformed plant cells can be 

transferred to plant growth mix, and hardened off, for example, in an environmentally 

controlled chamber at about 85% relative humidity, 600 ppm CO2, and 25-250 microeinsteins 

m·2 s· 1 of light, prior to transfer to a greenhouse or growth chamber for maturation. Plants are 

regenerated from about 6 weeks to 10 months after a transformant is identified, depending on 
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the initial tissue, and plant species. Plants may be pollinated using conventional plant 

breeding methods known to those of skill in the art and seed produced, for example self­

pollination is commonly used with transgenic com. The regenerated transformed plant or its 

progeny seed or plants can be tested for expression of the recombinant DNA and selected for 

5 the presence of enhanced agronomic trait. 

Transgenic Plants and Seeds 

Transgenic plants derived from the plant cells of this invention are grown to generate 

transgenic plants having an enhanced trait as compared to a control plant and produce 

10 transgenic seed and pollen of this invention. Such transgenic plants with enhanced traits are 

identified by selection of transformed plants or progeny seed for the enhanced trait. For 

efficiency a selection method is designed to evaluate multiple transgenic plants (events) 

comprising the recombinant DNA , for example multiple plants from 2 to 20 or more 

transgenic events. Transgenic plants grown from transgenic seed provided herein have 

15 enhanced agronomic traits that contribute to increased yield or other trait that provides 

increased plant value, including, for example, improved seed quality. Of particular interest 

are plants having enhanced water use efficiency, enhanced cold tolerance, increased yield, 

enhanced nitrogen use efficiency, enhanced seed protein and enhanced seed oil. 

Table 2 provides a list of protein encoding DNA ("genes") that are useful as DNA 

20 segament in a recombinant DNA construct for production of transgenic plants with enhanced 

agronomic trait, the elements of Table 2 are described by reference to: 

"PEP SEQ ID NO" identifies an amino acid sequence from SEQ ID NO: 299 to 596. 

"NUC SEQ ID NO" identifies a DNA sequence from SEQ ID NO: 1 to 298. 

"BV id" is a reference to the identifying number of base vectors in Table 3 used for 

25 construction of the transformation vectors of the recombinant DNA. Construction of plant 

transformation constructs is illustrated in Example 1. 

"Gene Name" denotes a common name for protein encoded by the recombinant DNA. 

"Annotation" refers to a description of the top hit protein obtained from an amino acid 

sequence query of each PEP SEQ ID NO to GenBank database of the National Center for 

30 Biotechnology Information (ncbi). More particularly, "gi" is the GenBank ID number for the 

top BLAST hit~ 

"% id" refers to the percentage of identically matched amino acid residues along the length of 

the portion of the sequences which is aligned by BLAST (-FT) between the sequence of 

interest provided herein and the hit sequence in GenBank. 
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Table 2. 

NUC PEP 
SEQ SEQ Gene ID BV Gene Name e-value % GenBank Annotation ID ID ID id ID 
NO NO 
1 299 PHE0007721 21 Corn Homeotic 1.00E- 77 123183 gbjAAP76321.1 I homeobox 

- 18998 protein knotted-1 152 transcription factor KNOTTED1 
[Zea mays] 

2 300 PHE0007756 33 Arabidopsis 9-cis- 0 90 15231856 dbjjBAB01336.1 I 9-cis-
_18009 epoxycarotenoid epoxycarotenoid dioxygenase 

dioxygenase [Arabidopsis thaliana] 

3 301 PHE0006007 30 Arabidopsis nodulin 1.00E- 86 79607902 reflNP _974371.2lunknown 

- 18714 MtN21 family protein 105 protein (Arabidopsis thaliana] 

4 302 PHE0004988 13 Arabidopsis 0 100 18412567 gblAAN71945.1 I transport 

- 15925 transport inhibitor inhibitor response TIR1, 
response 1 AtFBL 1 protein [Arabidopsis 

thaliana] 

5 303 PHE0007140 30 Arabidopsis nodulin 1.00E- 92 18421965 gblAAM61405.1I MtN3 like 
- 21771 MtN3 like protein-4 121 [Arabidopsis thaliana] 

5 303 PHE0007140 13 Arabidopsis nodulin 1.00E- 92 18421965 gblAAM61405.1I MtN3 like 
_22049 MtN3 like protein-4 121 [Arabidopsis thaliana] 

6 304 PHE0006823 13 Arabidopsis class 2 3.00E- 100 15228313 gbjAAM65188.1I Non-

- 16403 non-symbiotic 85 symbiotic hemoglobin Hb2 
hemoglobin [Arabidopsis thaliana] 

7 305 PHE0007440 18 Corn putative GTP- 1.00E- 91 115462975 gbjAAS98506.1 I GTP-binding 
_22555 binding protein 107 protein Rab11 [Oryza sativa 

Rab11 {japonica cultivar-group)] 

8 306 PHE0000206 9 Corn CDPK kinase 0 87 115450483 spj P53684jCalcium-dependent 
_22432 domain protein kinase, isoform 11 

(CDPK 11) [Oryza sativa 
{japonica cultivar-group)] 

9 307 PHE0000598 9 Corn B1 regulatory 0 91 22195 emblCAA40544.1 I regulatory 
16824 protein protein [Zea mavsl 

10 308 PHE0007590 8 E. coli ribosomal 7.00E- 56 118740922 refjZP _01588962.1 !ribosomal 

- 17883 protein S1 domain 3 33 protein S1 [Enterobacter sp. 
638] 

11 309 PHE0007588 8 E. Coli RNAse E S1 2.00E- 98 52695516 pdbj1 SMXI the S1 domain of 
17881 - domain 45 Rnase E from E. Coli (Native) 

12 310 PHE0007592 8 Yeast pre-mRNA 1.00E- 98 6320850 gblAAB64546.1 I pre-m RNA 
- 17885 splicing factor RNA 40 splicing factor RNA helicase 

helicase S1 domain [Saccharomyces cerevisiae] 

13 311 PHE0007587 8 E.coli 7.00E- 100 124525928 reflZP _01697933.1 j 
- 17880 Polyribonucleotide 35 Polyribonucleotide 

nucleotidyltransferas nucleotidyltransferase 
e [Escherichia coli BJ 

14 312 PHE0007624 8 E. coli translation 8.00E- 100 15800747 refjNP _286761.1 I translation 
17923 initiation factor IF-1 34 initiation factor IF-1 -

[Escherichia coli O157:H7 
EDL933] 

15 313 PHE0007591 8 E. coli ribosomal 2.00E- 51 118068082 refjZP _01536336.1 I ribosomal 
_17884 protein S1 domain 5 20 protein S1 ·(Serratia 

protearnaculans 568] 

16 314 PHE0007623 8 Arabidopsis N- 1.00E- 100 18401429 gblAAM63266.1 I putative 
- 17922 carbamoylputrescine 172 nitrilase [Arabidopsis thaliana] 

amidohydrolase 

17 315 PHE0007583 6 Rice MtN3 homolog 1.00E- 100 125526770 gbjEA Y7 4884.1 lhypothetical 
_17871 130 protein Osl_002731 [Oryza 

sativa (indica cultivar-group)] 

18 316 PHE0006618 13 Corn putative 4.00E- 95 115442401 dbjlBAB63622.1 I putative 40S 

- 16146 ribosomal protein 49 ribosomal protein S10 [Oryza 
S10 sativa {japonica cultivar-

group)) 
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NUC PEP 
SEQ SEQ Gene ID BV Gene Name e-value % GenBank Annotation ID ID ID id ID 
NO NO 
19 317 PHE0006791 9 Arabidopsis 1.00E- 83 15231674 splO9LX31 IGUN4_ARATH 

_16374 GUN4_ARATH 120 Tetrapyrrole-binding protein, 
Tetrapyrrole-binding chloroplast precursor 
protein rArabidoosis thalianal 

20 318 PHE0007620 13 Arabidopsis 0 96 15223971 dbjlBAF01533.1 I thylakoid-

- 17918 thylakoid ascorbate bound ascorbate peroxidase 
peroxidase [Arabidopsis thaliana] 

21 319 PHE0006659 13 Soy hypothetical 1.00E- 49 125540608 gblEAY87003.1 !hypothetical 

- 16195 protein 112 protein Osl_008236 [Oryza 
sativa (indica cultivar-group)] 

22 320 PHE0006662 13 Ralstonia 1.00E- 38 114582111 reflXP _001161638.1 I 
- 16198 metallidurans 06 hypothetical protein isoform 1 

hypothetical protein [Pan troglodytes] 

23 321 PHE0006274 13 Com Transcription 0 78 115487438 gblABA96515.1 I Transcription 

- 15867 factor E2Fb factor E2F [Oryza sativa 
(japonica cultivar-group)] 

24 322 PHE0006637 14 Com ABl1 homolog 1.00E- 78 115437928 reflNP _001043415.1 IOs01 g05 

- 16166 145 83100 [Oryza sativa (japonica 
cultivar-group)] 

25 323 PHE0006926 13 Com putative 1.00E- 81 115440323 dbjlBAB63580.1 I putative 
_16815 vacuolar protein 84 vacuolar protein sorting 28 

sorting-associated [Oryza sativa (japonica 
protein cultivar-grouo)l 

26 324 PHE0006821 13 Corn 1- 1.00E- 79 115448975 dbjlBAD16875.1l 1-

- 16402 aminocyclopropane- 176 aminocyclopropane-1-
1-carboxylate carboxylate deaminase [Oryza 
deaminase sativa (japonica cultivar-

group)] 

27 325 PHE0007687 29 Arabidopsis 0 100 21536828 gblAAM61160.1 I cytochrome 
_18057 cytochrome P450 P450 homolog [Arabidopsis 

thaliana] 

27 325 PHE0007687 13 Arab id ops is 0 100 21536828 gblAAM61160.1 I cytochrome 

- 18200 cytochrome P450 P450 homolog, [Arabidopsis 
thaliana] 

28 326 PHE0007642 29 Arabidopsis Non- 0 94 15231245 splO48963I Phototropin-1 

- 17999 photo tropic (Root phototropism protein 1) 
hypocotyl protein 1 [Arabidopsis thaliana] 

29 327 PHE0007677 29 Arabidopsis 0 100 15239022 reflNP _ 196694.1 loxidoreducta 

- 18052 oxidoreductase se [Arabidopsis thaliana] 

29 327 PHE0007677 13 Arabidopsis 0 100 15239022 reflNP _ 196694.1 loxidoreducta 
_18179 oxidoreductase se [Arabidopsis thaliana] 

30 328 PHE0007644 29 Arabidopsis receptor 0 88 15220455 reflNP _ 176918.1 I protein 

- 18001 protein kinase serine/ threonine kinase 
[Arabidopsis thaliana] 

30 328 PHE0007644 13 Arabidopsis receptor 0 88 15220455 reflNP _ 176918.1 I protein 

- 18169 protein kinase serine/threonine kinase 
[Arabidopsis thaliana] 

31 329 PHE0007640 29 Soy magnesium 1.00E- 80 92889086 gblABE89684.1 l Mg2+ 

- 17992 transporter mrs2-1- 165 transporter protein, CorA-like 
like (Medicago truncatula] 

32 330 PHE0007678 29 Arabidopsis acyl- 1.00E- 100 18399594 reflNP _564457.1 I acyl-CoA 
_18053 CoA thioesterase 107 thioesterase [Arabidopsis 

thaliana] 

32 330 PHE0007678 13 Arabidopsis acyl- 1.00E- 100 18399594 reflNP _564457 .11 acyl-CoA 

- 18180 CoA thioesterase 107 thioesterase [Arabidopsis 
thaliana] 

33 331 PHE0007649 29 Arabidopsis putative 0 99 42566072 reflNP _ 191542.21 protein 
18006 - ankyrin protein kinase/threonine kinase/ 

kinase protein-tyrosine kinase 
[Arabidopsis thaliana] 

34 332 PHE0006726 25 Arabidopsis putative 0 97 15224586 gblAAC20725.1 I putative 
_16298 ARP2/3 protein ARP2/3 protein complex 

complex subunit p41 subunit p41 [Arabidopsis 
thalianal 
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NUC PEP 
SEQ SEQ 

Gene ID BV 
Gene Name e-value 

% GenBank Annotation 
ID ID ID Id ID 
NO NO 
35 333 PHE0006218 25 Arabidopsis 0 85 18405775 reflNP _565954.1 !disulfide 

_8776 thioredoxin-disulfide oxidoreductase/ thioredoxin-
reductase disulfide reductase 

[Arabidopsis thaliana] 

36 334 PHE0006657 13 Corn putative ATP- 2.00E- 71 115462871 gblAA V31386.1 I putative ATP-

- 16192 binding protein 83 binding protein [Oryza sativa 
fjaponica cultivar-group)] 

37 335 PHE0002554 13 Corn Chlorophyll 1.00E- 95 2326947 emblCAA90681.1 I Chlorophyll 

- 17876 alb-binding protein 158 alb-binding protein CP29 
CP29 precursor precursor [Zea mays] 

37 335 PHE0002554 9 Corn Chlorophyll 1.00E- 95 2326947 emblCAA90681.1 I Chlorophyll 
_23104 alb-binding protein 158 alb-binding protein CP29 

CP29 precursor precursor [Zea mays] 

38 336 PHE0006807 13 Corn transcription 1.00E- 64 115484281 gblABG22372.1 I CCT motif 

- 16388 factor APRR9 like 140 family protein [Oryza sativa 
fjaponica cultivar-group)] 

39 337 PHE0003359 9 Corn dwf4-like 0 86 60677681 dbilBAD90972.1 I cytochrome 
_8487 protein P450 [Oryza sativa fjaponica 

cultivar-group)] 

40 338 PHE0006542 9 Arabidopsis 1.00E- 100 15234942 reflNP _ 194243.1 I protein-

- 15765 methionine sulfoxide 149 methionine-S-oxide reductase 
reductase [Arabidopsis thaliana] 

41 339 PHE0007622 8 Arabidopsis 0 100 18419941 gblAAF01311.1I spermine 

- 17921 spermine synthase synthase [Arabidopsis 
thaliana) 

42 340 PHE0007630 3 Corn GA3ox1 1.00E- 75 125544881 gbl EA Y91020.1 I hypothetical 
17956 151 protein Osl_012253 [Oryza -

sativa (indica cultivar-group)] 

43 341 PHE0007593 8 Corn spermidine 1.00E· 92 115471679 dbjlBAD30581.1 I spermidine 

- 17886 synthase 169 synthase 1 [Oryza sativa 
(iaoonica cultivar-orouo)l 

44 342 PHE0006475 9 Arbidopsis 9.00E- 100 42571459 reflNP _973820.1 I calcium ion 

- 15588 PsbQ_like 89 binding [Arabidopsis thaliana] 

45 343 PHE0007619 13 Soy methyl-CpG- 1.00E- 43 18394229 ref I NP _563971.1 IMBD1 O; DNA 

- 17915 binding domain- 44 binding [Arabidopsis thaliana] 
containing protein 

46 344 PHE0006846 13 Soy cuticle protein 0 70 9758349 dbilBAB08850.1 I 1ipid transfer 

- 16447 protein; glossy1 homolog 
fArabidopsis thaliana] 

47 345 PHE0007584 13 Arabidopsis methyl- 1.00E- 65 18394229 refjNP _563971.1 IMBD1 O; 

- 17874 CpG-binding 124 DNA binding [Arabidopsis 
domain-containing thaliana] 
protein 

48 346 PHE0003695 17 Arabidopsis Erecta 0 95 15225286 gbjAAC49302.1 I ERECT A, 

- 17913 receptor protein kinase 
[Arabidopsis thaliana] 

48 346 PHE0011554 32 Arabidopsis Erecta 0 95 15225286 gbjAAC49302.1 I ERECTA, 
_23650 receptor protein kinase 

(Arabidopsis thaliana] 

49 347 PHE0003695 8 Arabidopsis Erecta 0 95 15225286 gblAAK59615.1 I receptor 

- 17879 protein kinase, ERECT A 
[Arabidopsis thaliana] 

49 347 PHE0003695 22 Arabidopsis Erecta 0 95 15225286 gb!AAK59615.1 I receptor 
_23448 protein kinase, ERECT A 

[Arabidopsis thaliana] 

50 348 PHE0006936 29 Soy GNS1/SUR4 2.00E- 66 92868497 gblABE78502.1 jGNS1/SUR4 

- 16828 membrane protein 91 membrane protein [Medicago 
truncatula] 

51 349 PHE0007645 29 Soy DNA binding 2.00E- 32 21617964 gblAAM67014.1 I DNA binding 

- 18002 protein 26 protein-like [Arabidopsis 
thalianal 

52 350 PHE0006784 6 Com cysteine 1.00E- 93 2829688 emblCAA59798.1 I 0-

- 16366 synthase 165 acetylserine (thiol) lyase; 
cysteine synthase [Zea mays] 
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SEQ SEQ Gene ID BV Gene Name e-value % GenBank Annotation ID ID ID id ID 
NO NO 
53 351 PHE0006171 13 Sorghum bicolor 6.00E- 86 115463027 reflNP _001055113.110s05g02 

- 16491 Glyoxalase 91 95800 [Oryza sativa (japonica 
cultivar-grouoll 

54 352 PHE0006868 13 Arabidopsis 3.00E- 100 21592593 gblAAM64542.1 I unknown 
16682 ME01451 05 [Arabidopsis thaliana] 

55 353 PHE0006906 13 Corn 20S 1.00E- 96 115480019 dbjlBAA28276.1 I beta 6 

- 16796 proteasome subunit 121 subunit of 20S proteasome 
beta-6 [Oryza sativa (japonica 

cultivar-grouo)l 
56 354 PHE0006649 13 Wheat putative DRE 5.00E- 64 60547461 gblAAX23704.11HvCBF7 

- 16180 binding factor 2 62 [Hordeum vulgare subsp. 
vulgare] 

57 355 PHE0006809 13 E.coli hydroxylamine 0 97 89107724 reflNP _415394.41 

- 16390 reductase hydroxylamine reductase 
[Escherichia coli K121 

58 356 PHE0006918 13 Com putative 0 82 125571037 gblEAZ12552.1 !hypothetical 

- 16808 dihydropyrimidine protein OsJ_002377 [Oryza 
dehydrogenase sativa (japonica cultivar-

group)] 

59 357 PHE0007813 6 Rice MtN3 homolog 1.00E- 86 115445683 dbilBAD23335.1 I putative 

- 18219 119 NEC1 [Oryza sativa (japonica 
cultivar-group)] 

60 358 PHE0007650 13 Arabidopsis Kin17 0 83 18405389 AAD10649.1I Kin17 protein 

- 18175 protein [Arabidopsis thaliana] 

61 359 PHE0006825 13 E.coli cytochrome c 0 100 15834306 reflZP _01699144.1 j Nitrite 

- 16405 nitrite reductase reductase [Escherichia coli BJ 

62 360 PHE0006964 9 Corn asparaginyl- 0 84 115436616 dbilBAB61140.1 I putative 

- 16864 tRNA synthetase asparagine-tRNA ligase [Oryza 
sativa (japonica cultivar-
Qrouo)l 

62 360 PHE0006964 13 Corn asparaginyl- 0 84 115436616 dbJIBAB61140.1 I putative 

- 16865 tRNA synthetase asparagine-tRNA ligase [Oryza 
sativa (japonica cultivar-
grouo)l 

63 361 PHE0008105 13 Yeast transcriptional 1.00E- 88 6324934 splO02516I Transcriptional 
18407 activator HAPS 116 activator HAPS -

[Saccharomyces cerevisiae) 
63 361 PHE0008105 30 Yeast transcriptional 1.00E- 88 6324934 splO02516I Transcriptional 

18733 activator HAPS 116 activator HAPS -
[Saccharomyces cerevisiae] 

64 362 PHE0006630 13 Com malate 0 92 126888 splP15719 IMDHP _maize 

- 16159 dehydrogenase Malate dehydrogenase [NADP] 

65 363 PHE0006966 29 Arabidopsis 0 95 18413170 reflNP _567341.1 ICryptochrom 
- 16868 Cryptochrome 1 e 1 [Arabidopsis thaliana) 

66 364 PHE0008698 3 Corn expressed 9.00E- 38 115484935 gblAAX96767 .11 expressed 
_24421 protein 06 protein [Oryza sativa (japonica 

cultivar-group)] 

67 365 PHE0006608 25 Soy glutathione 2.00E- 90 21068666 emblCAD31839.1 !putative 

- 16123 peroxidase 82 phospholipid hydroperoxide 
glutathione peroxidase [Cicer 
arietinuml 

68 366 PHE0010462 na Deinococcus 1.00E- 86 15805358 reflNP _294052.1 IMutT/nudix 
_21459 radiodurans 155 family protein [Deinococcus 

nudixhydrolase radiodurans R1] 

69 367 PHE0009211 30 Arabidopsis 5.00E- 89 15236198 reflNP _ 195205.1 !unknown 
_21774 PF02519-auxin 50 protein [Arabidopsis thaliana) 

inducible-3 

70 368 PHE0006256 27 Arabidopsis 9-cis- 0 92 15231856 dbjlBAB01336.1 I 9-cis-
_8775 epoxycarotenoid epoxycarotenoid dioxygenase 

dioxygenase [Arabidopsis thaliana] 

71 369 PHE0006989 29 Arabidopsis putative 0 79 15231840 dbJIBAB01042.1 I protein 

- 16918 protein kinase kinase [Arabidopsis thaliana] 
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72 370 PHE0007649 13 Arabidopsis putative 0 100 42566072 reflNP _191542.21 protein 

- 18166 ankyrin protein kinase/serine/threonine kinase/ 
kinase tyrosine kinase [Arabidopsis 

thaliana] 

73 371 PHE0006708 29 Soy DNA helicase 0 89 3097266 emblCAA76677 .11 translation 
16264 45 initiation factor [Pisum sativuml 

74 372 PHE0001117 4 Com transcription 1.00E- 84 125527033 gblEA Y75147 .1 I hypothetical 

- 19094 factor G 1543-like 101 protein Osl_002994 [Oryza 
sativa {indica cultivar-grouo)l 

74 372 PHE0001117 9 Corn transcription 1.00E- 84 125527033 gblEA Y75147 .1 jhypothetical 

- 19095 factor G 1543-like 101 protein Osl_002994 (Oryza 
sativa (indica cultivar-orouo)l 

75 373 PHE0006266 9 com 1.00E- 100 49472889 gblAA T66259.1 I 
_8814 phytochromobilin 164 phytochromobilin synthase 

synthase [Zea mays] 
75 373 PHE0006266 4 corn 1.00E- 100 49472889 gblAA T66259.1 I 

- 15483 phytochromobilin 164 phytochromobilin synthase 
svnthase [Zea mavsl 

76 374 PHE0006795 13 E.coli pH- 1.00E- 82 16128013 reflNP _414560.1 I pH-

- 16378 dependent 172 dependent sodium/proton 
sodium/proton antiporter (Escherichia coli 
antioorter K12l 

77 375 PHE0006956 13 Agrobacterium 0 98 15891062 reflNP _356734.1 lhypothetical 

- 16853 nitrate reductase protein AGR_L_ 1895 
[Agrobacterium tumefaciens 
str. C58] 

78 376 PHE0006859 g Corn bHLH protein 2.00E- 92 115451023 gblEAZ257 49.1 I hypothetical 
- 16873 family 31 protein OsJ_009232 [Oryza 

sativa (japonica cultivar-
group)] 

79 377 PHE0006824 13 Com Nonlegume 6.00E- 98 3913789 gblAAA 19576.1 I haemoglobin 

- 16404 hemoglobin-like 86 apoprotein [Hordeum vulgare] 

80 378 PHE0006812 13 Nostoc 2-on-2 1.00E- 100 23130505 reflZP _00112318.11 Truncated 

- 16393 hemoglobin 61 hemoglobins [Nostoc 
punctiforme PCC 73102] 

81 379 PHE0006815 13 Rice Trb-like 2.00E- 100 115468746 dbjlBAD32857.1 I putative 2-
- 16396 98 on-2 hemoglobin [Oryza saliva 

(japonica cultivar-group)] 

82 380 PHE0006806 13 Corn Trb-like 7.00E- 83 14165165 gblAAK55410.1 IAF376063_ 12 

- 16387 80 -on-2 hemoglobin [Hordeum 
vuloarel 

83 381 PHE0006624 13 Corn putative 0 98 3342802 gblAAC27703.1 I putative 
- 16153 cytosolic 6- cytosolic 6-phosphogluconate 

phosphogluconate dehydrogenase [Zea mays] 
dehydrogenase 

84 382 PHE0005006 13 Com chlorophyll alb- 1.00E- 80 115458738 gbl EA Y9437 4. 11 hypothetical 

- 15823 binding apoprotein 112 protein Osl_015607 [Oryza 
CP24 precursor sativa (indica cultivar-group)] 

85 383 PHE0003991 13 Com - - - -
16771 AfMONFEED000559 -

Protamine P1 
86 384 PHE0006683 13 Com response 1.00E- 85 12060384 dbi1BAB20579.1 I response 

- 16229 regulator 4 102 regulator 4 [Zea mays] 

87 385 PHE0006884 7 Com granule-bound 0 89 33321047 gbjAAQ06291.1 I granule-

- 16703 starch synthase bound starch synthase 
precursor precursor (Zea mays] 

88 386 PHE0006691 3 E. coli NAD(P)H- 0 100 15804152 refjNP _290191.1 I NAD(P)H-
_16237 dependent glycerol- dependent glycerol-3-

3-phosphate phosphate dehydrogenase 
dehydrogenase (Escherichia coli O157:H7 

EDL933] 

89 387 PHE0006790 9 Arabidopsis 0 95 15219408 refjNP _ 175088.1 I chlorophyll a 

- 16372 chlorophyll A oxygenase [Arabidopsis 
oxygenase thaliana] 
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90 388 PHE0009143 30 E.coli StpA 2.00E- 86 83569970 reflZP _00921418.1 I DNA-

_19932 57 binding protein H-NS [Shigella 
dysenteriae 10121 

91 389 PHE0008406 30 Yeast general amino 0 98 14318464 splP43548I Yeast general 

- 18830 acid pennease amino acid pennease AGP3 

92 390 PHE0008279 30 Corn hypothetical 5.00E- 73 115462095 gblEA Y96551.1 I hypothetical 

- 18708 protein 25 protein Osl_017784 [Oryza 
sativa (indica cultivar-group)] 

93 391 PHE0009142 30 E. coli DNA-binding 3.00E- 72 15801465 reflNP _415753.11 global DNA-

- 19931 protein H-NS 45 binding transcriptional dual 
regulator H-NS [Escherichia 
coli K12l 

94 392 PHE0008308 30 Corn hypothetical 5.00E- 89 125537055 gblEA Y83543.1 I hypothetical 

- 18841 protein 41 protein Os1_037502 [Oryza 
sativa (indica cultivar-group)] 

95 393 PHE0007639 29 Chlorella optimized 0 99 118546 emblCAA41636.1 I glutamate 

- 17991 beta glutamate dehydrogenase (NADP+) 
dehvdrogenase [Chlorella sorokinianal 

96 394 PHE0007646 13 Arabidopsis kelch 0 94 116831441 gblABK28673.1 I unknown 

- 18170 repeat-containing F- [Arabidopsis thaliana] 
box family protein 

97 395 PHE0007765 13 Arabidopsis 1.00E- 100 15218872 reflNP _ 176178.1 I glutathione 

- 18182 glutathione 130 transferase [Arabidopsis 
transferase thaliana] 

98 396 PHE0008167 5 Arabidopsis protein 1.00E- 95 15233846 refjNP _ 194179.1 I protein 
18465 kinase 163 kinase/serine/threonine kinase/ -

protein-tyrosine kinase 
[Arabidopsis thaliana] 

99 397 PHE0008172 5 Arabidopsis putative 2.00E- 97 4895214 gblAAD32800.1 I putative 

- 18471 thioredoxin H 46 thioredoxin H [Arabidopsis 
thaliana] 

100 398 PHE0008183 5 Arabidopsis 0 98 15239123 reflNP _201371.1 I protein 

- 18479 receptor protein serine/threonine kinase 
kinase [Arabidopsis thaliana] 

101 399 PHE0007585 6 Arabidopsis drought- 2.00E- 87 469112 emb!CAA55322.1 I Oi21 
- 17875 induced protein 42 [Arabidopsis thaliana] 

(Di21) 

101 399 PHE0007585 30 Arabidopsis drought- 2.00E- 87 469112 emblCAA55322.1 I Di21 

- 23902 induced protein 42 [Arabidopsis thaliana] 
(Di21) 

102 400 PHE0006804 6 Rice small subunit of 1.00E- 100 125553324 gbl EA Y99033.1 I hypothetical 

- 16385 U2 snRNP auxiliary 107 protein Osl_020266 [Oryza 
factor sativa (indica cultivar-group)] 

103 401 PHE0006703 15 Lactobacillus ATP- 1.00E- 92 104773899 reflYP _618879.116-

- 15751 dependent 164 phosphofructokinase 
phosphofructokinase [Lactobacillus delbrueckii 
with ctp subsp. bulgaricus ATCC 

11842] 

104 402 PHE0007410 3 Umbelopsis glycerol- 1.00E- 42 58264662 reflXP _569487.1 I glycerol-3-

- 17653 3-phosphate 0- 144 phosphate O-acyltransferase 
acyltransferase [Cryptococcus neofonnans 

var. neofonnans JEC21l 
105 403 PHE0006854 2 Corn kernel specific 1.00E- 71 32330681 gblAAP79887 .11 yabby10 

- 16456 yabby 115 protein [Zea mays] 

106 404 PHE0007721 19 Corn homeobox 1.00E- 77 123183 gblAAP76321.1 I homeobox 
_21293 transcription factor 152 transcription factor KNOTTED 1 

KNOTTED1 [Zea mavsl 
107 405 PHE0006563 13 Wheat glutamine- 0 97 53680379 gblAAU89392.1 I glutamine-

_15990 dependent dependent asparagine 
asparagine synthetase [Triticum aestivum] 
synthetase 

107 405 PHE0006563 9 Wheat gtutamine- 0 97 53680379 gbJAAU89392.1 I glutamine-

- 16140 dependent dependent asparagine 
asparagine synthetase [Triticum aestivum] 
svnthetase 
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108 406 PHE0006619 13 Corn Delta 1- 0 84 2081612 dbjjBAA 19916.1 I deltal-

- 16147 pyrroline-5- pyrroline-5-carboxylate 
carboxylate synthetase [Oryza sativa 
svnthetase (japonica cultivar-grouoll 

109 407 PHE0006813 13 Bacillus subtilis 1.00E- 93 16078221 splO31607I Hemoglobin-like 

- 16394 Hemoglobin-like 67 protein yjbl (Truncated BHb) 
protein TrHb (trBHb) [Bacillus Subtilis] 

110 408 PHE0006688 13 Corn ribosomal 1.00E- 99 11467185 splP160371 maize Chloroplast 

- 16234 protein S2 131 30S ribosomal protein S2 

111 409 PHE0006635 13 E.coli methylglyoxal 9.00E- 100 15800822 reflNP _286838.1 lmethylglyoxa 
_16164 synthase 86 I synthase [Escherichia coli 

O157:H7 EDL933] 
112 410 PHE0008340 30 Soy hypothetical 1.00E- 78 92896427 gblABE93200.1 I conserved 

- 19155 protein 178 hypothetical protein [Medicago 
truncatula] 

113 411 PHE0008416 30 Corn putative 0 58 115480880 reflNP _001064033.110s10g01 

- 18838 oligopeptide 10600 [Oryza sativa (japonica 
transporter cultivar-group)] 

114 412 PHE0008422 30 Corn unknown 1.00E- 55 115448163 dbj!BAD08083.1 I unknown 

- 18842 protein 121 protein [Oryza sativa (japonica 
cultivar-grouo)l 

115 413 PHE0008599 30 Synechocystis 0 95 16330244 refjNP _ 440972.1 I glycogen 

- 19166 glycogen operon operon protein; GlgX 
protein [Synechocystis sp. PCC 6803] 

116 414 PHE0008375 30 Bacillus 6.00E- 99 16077136 splP37472I Hypoxanthine-

- 18732 hypoxanthine- 95 guanine phosphoribosyl-
guanine transferase (HGPRTase) 
phosphoribosyltransf [Bacillus subtilis] 
erase 

117 415 PHE0006712 27 Arabidopsis 4.00E- 100 15237778 refjNP _200700.1 I unknown 
16273 unknown function 92 protein [Arabidopsis thalianal 

117 415 PHE0006712 13 Arabidopsis 4.00E- 100 15237778 refjNP _200700.1 I unknown 
_16362 unknown function 92 protein [Arabidopsis thaliana] 

117 415 PHE0006712 9 Arabidopsis 4.00E- 100 15237778 reflNP _200700.1 I unknown 

- 16363 unknown function 92 protein [Arabidopsis thaliana] 

117 415 PHE0006712 6 Arabidopsis 4.00E- 100 15237778 reflNP _200700.1 I unknown 
16364 - unknown function 92 protein [Arabidopsis thaliana] 

118 416 PHE0008394 9 Corn altered 0 97 121341 splP25462I Glutamine 

- 18763 glutamine synthetase (Glutamate--
synthetase ammonia ligase) (GS2) [Zea 

mays] 

119 417 PHE0008395 9 Com altered 0 97 121341 splP25462I Glutamine 

- 18764 glutamine synthetase (Glutamate--
synthetase ammonia ligase) (GS2) [Zea 

mays] 

120 418 PHE0008444 3 Com glutamine 0 100 112490284 dbjlBAA03430.1 I glutamine 

- 18846 synthetase1 synthetase [Zea mays] 
121 419 PHE0006819 13 Synechocystis A- 0 100 16331685 splO55393I Diflavin 

_16400 type flavoproteins flavoprotein A 1 (SsATF573) 
(NADH:oxygen 
oxidoreductase) 
[Synechocystis sp. PCC 6803] 

122 420 PHE0007417 15 Com EIL1 0 76 125543684 gblEAY89823.1 I hypothetical 
- 17663 protein Os1_011056 [Oryza 

sativa (indica cultivar-qrouo\l 
123 421 PHE0008443 13 Barley asparagine 0 97 13925886 gblAAK49456.1 I glutamine-

- 18845 synthetase1 dependent asparagine 
synthetase 1 [Hordeum 
vulgare subsp. vulgare] 

124 422 PHE0006818 13 E.coli 0 100 16130617 reflAP003277.1 lflavorubredoxi 

- 16399 flavorubredoxin n oxidoreductase [Escherichia 
coli W3110} 
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125 423 PHE0006579 13 Com thiazole 0 97 2501189 splO41738I Thiazole 

- 16031 biosynthetic enzyme biosynthetic enzyme 1-1, 
chloroplast precursor [Zea 
mays] 

126 424 PHE0006808 13 Rice transcription 0 97 115484281 gblABG22372.1 I CCT motif 
16389 - factor APRR9 like family protein [Oryza sativa 

(japonica cultivar-group)] 

127 425 PHE0008160 5 Arab id ops is 0 100 15234062 reflNP _195033.11 pyruvate 

- 18460 pyruvate decarboxylase [Arabidopsis 
decarboxvlase thalianal 

128 426 PHE0007571 24 Soy 0 97 7799808 embJCAB91078.1 I 
_17834 homoglutathione homoglutathione synthetase 

synthetase (Glycine max] 

129 427 PHE0007586 13 Arabidopsis 1.00E- 96 15225630 gblAAD32843.1 I putative 
- 17877 Chlorophyll a-b 151 chlorophyll alb binding protein 

binding protein [Arabidopsis thalianal 
130 428 PHE0006969 13 Rice hypothetical 4.00E- 100 115451023 gblEAZ25749.1I hypothetical 

- 16871 protein 34 protein OsJ_009232 [Oryza 
sativa (japonica cultivar-
group)] 

131 429 PHE0009729 13 Arabidopsis bHLH 1.00E- 89 30698765 gb!MO64014.1 I putative 
21717 - 91 homeodomain leucine zipper 

protein [Arabidopsis thaliana] 

132 430 PHE0006424 9 photosystem ll 3.00E- 75 15224531 gblAAM64951.1 I photosystem 
15520 reaction center 37 ll reaction center 6.1 KO -

6.1 KD protein protein [Arabidopsis thaliana] 

133 431 PHE0006392 9 Corn PsbP 9.00E- 84 115489108 gblABA98969.2I Thylakoid 
15480 - 99 lumenal 21.5 kDa protein 

[Oryza sativa (japonica 
cultivar-group)] 

134 432 PHE0006589 13 Arabidopsis 3.00E- 100 42563272 dbjlBAE99426.1 I thioredoxin-
16093 - thioredoxin-like 84 like protein [Arabidopsis 

protein thalianal 
135 433 PHE0009258 16 Arabidopsis sodium 0 87 15240448 reflNP _ 198067.1 INHX1 

_21487 proton exchanger1 (NA+/H+ EXCHANGER); 
sodium:hydrogen antiporter 
[Arabidopsis thaliana) 

135 433 PHE0009258 34 Arabidopsis sodium 0 87 15240448 reflNP _ 198067.1INHX1 

- 20132 proton exchanger1 (NA+/H+ EXCHANGER); 
sodium:hydrogen antiporter 
[Arabidopsis thaliana] 

136 434 PHE0006680 13 Corn flavanone 3- 1.00E- 81 18057095 gblAAL58118. 11 putative 

- 16226 hydroxylase 161 flavanone 3-hydroxylase 
[Oryza sativa (japonica 
cultivar-Qrouon 

137 435 PHE0006481 13 Corn Os09g0570300 1.00E- 81 115480783 reflNP _001063985.110s09g05 
- 16072 homolog 145 70300 [Oryza sativa (japonica 

cultivar-group)] 
138 436 PHE0006269 23 Synechocystis 0 96 16329708 reflNP _ 440436.1 !hypothetical 

8820 - conserved protein slr2048 [Synechocystis 
tetratricopeptide sp. PCC 6803] 
repeat protein 

138 436 PHE0006269 9 Synechocystis 0 96 16329708 reflNP _ 440436.1 lhypothetical 
8821 - conserved protein slr2048 [Synechocystis 

tetratricopeptide sp. PCC 6803] 
repeat protein 

139 437 PHE0006783 11 Brassica napus 0 97 31455393 emblCAD92450.1 !amino acid 
- 16365 amino acid permease 6 [Brassica napus] 

permease 6 
140 438 PHE0003151 28 Soy aintegumenta 2 1.00E- 47 38492172 gblAAR22388. 11 ANT-like 

- 18392 141 protein [Nicotiana tabacum] 
141 439 PHE0008272 30 Arabidopsis heat 0 88 15220611 splO9S7U5I Heat shock 

- 18723 shock factor protein transcription factor 5) (HSTF 5) 
5 [Arabidopsis thaliana] 
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142 440 PHE0008277 30 Yeast chromatin 0 95 6323354 splO06168I Chromatin 

-18706 structure remodeling structure remodeling complex 
complex protein protein SFH1 [Saccharomyces 
SFH1 cerevisiae] 

143 441 PHE0008109 30 Yeast 0 93 6324728 splO12232I Yeast 

- 18411 uncharacterized uncharacterized protein 
protein YOR154W YOR154W precursor 
precursor 

143 441 PHE0008109 13 Yeast 0 93 6324728 splO12232I Yeast 

- 18568 uncharacterized uncharacterized protein 
protein YOR154W YOR154W precursor 
precursor 

144 442 PHE0008280 30 Sinorhizobium 0 93 16263847 reflNP _436639.1 I putative 

- 18826 putative trehalose trehalose synthase protein 
synthase [Sinorhizobium meliloti 1021] 

145 443 PHE0002424 13 Corn 1.00E- 77 90398977 gblEA Y96061.1 I hypothetical 

- 15825 NADPH:protochlorop 140 protein Osl_017294 [Oryza 
hyllide sativa (indica cultivar-group)] 
oxidoreductase A 

146 444 PHE0006914 13 Corn 26S protease 0 100 115466876 dbj]BAD35266.1 I 26S protease 

- 16804 regulatory subunit 7 regulatory subunit 7 {Oryza 
sativa (japonica cultivar-
arouo)l 

147 445 PHE0006642 14 Rice ent-kaurene 0 97 115468620 dbjlBAD54598.1 I ent-kaurene 

- 16172 oxidase oxidase [Oryza sativa 
(japonica cultivar-group)] 

148 446 PHE0007578 29 Arabidopsis 2.00E- 100 18395285 reflNP _564202.1 I unknown 

- 17852 unknown protein 71 protein [Arabidopsis thaliana) 

149 447 PHE0009926 30 Arabidopsis putative 1.00E- 100 18397475 gblAAM62982.1 I putative dual-

- 21079 dual-specificity 84 specificity protein phosphatase 
protein phosphatase [Arabidopsis thaliana] 

150 448 PHE0006206 30 Arabidopsis ubiquitin 0 97 15234306 reflNP _ 194517.1 lubiquitin-

- 19159 ligase SINAT5 protein ligase/zinc ion binding 
[Arabidopsis thaliana] 

151 449 PHE0008274 30 Arabidopsis putative 1.00E- 95 15222103 gblAAD43166.1 I Putative 

- 18705 BURP domain 154 BURP domain containing 
containing protein protein [Arabidopsis thaliana] 

152 450 PHE0009510 30 Cucurbita 1.00E- 89 49425361 gblAA T66041.1 I spermidine 
_20526 spermidine synthase 164 synthase [Cucumis sativus) 

153 451 PHE0009937 34 Cucurbita 1.00E- 89 49425361 gblAA T66041.1 I spermidine 
_21097 spermidine synthase 164 synthase [Cucumis sativus] 

154 452 PHE0009927 30 Brassica putative 4.00E- 88 30679726 dbjlBAC42108.1 I putative dual-

- 21080 dual-specificity 79 specificity protein phosphatase 
protein phosphatase [Arabidopsis thaliana) 

155 453 PHE0006460 13 Arabidopsis 0 86 18394658 reflNP _564064.1 I unknown 

- 15962 unknown protein protein [Arabidopsis thaliana) 

156 454 PHE0006445 13 Arabidopsis allene 1.00E- 100 18404656 emblCAC83762.1 I allene oxide 

- 15956 oxide cyclase 142 cyclase [Arabidopsis thaliana] 

157 455 PHE0006987 13 Arabidopsis 1.00E- 99 15241101 dbjlBAB09281.1 I calcineurin 8-
_16893 calcineurin B-like 125 like protein 2 [Arabidopsis 

protein 2 thaliana] 

158 456 PHE0004230 13 Corn E2F3 like 0 72 115446539 dbjlBAD73815.1I putative E2F 

- 15865 homolog [Oryza sativa 
(iaoonica cultivar-arouo\l 

159 457 PHE0006814 13 Arabidopsis 2-on-2 2.00E- 100 18418064 dbjjBAD42999.1 I 2-on-2 

- 16395 hemoglobin 99 hemoglobin (GLB3) 
[Arabidopsis thaliana] 

160 458 PHE0002773 13 Rice glucose-1- 0 100 115465649 ref I NP _001056424.1 IOs05g05 

- 15881 phosphate 80000 [Oryza sativa (japonica 
adenylyltransferase cultivar-group)] 
large subunit 1 

161 459 PHE0006060 13 Corn ubiquitin 0 86 60677681 dbjlBAD90972.1 !cytochrome 

- 15842 precursor P450 [Oryza sativa (japonica 
cultivar-group)) 
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162 460 PHE0006850 2 Com kernel specific 4.00E- 74 115454365 dbJIBAF45803.1 I YABBY2 

- 16451 yabby 73 protein [Oryza sativa Oaponica 
cultivar-group)) 

163 461 PHE0008043 2 Com homeobox-9 0 99 40950648 gblAAR97952.1 I rolled leaf1 

- 18199 [Zea mays] 

164 462 PHE0000125 13 Com receiver 1.00E- 73 51571875 dbilBAD38854.1 I pseudo-

- 18852 domain (TOC1-like) 171 response regulator 1 [Oryza 
10 sativa Oaponica cultivar-

group)] 

165 463 PHE0008269 30 Arabidopsis protein 0 96 15222311 reflNP _ 172195.1 IMAPKKK13; 

- 18720 kinase protein kinase/ protein serine/ 
threonine kinase/ protein-
tyrosine kinase [Arabidopsis 
thaliana) 

166 464 PHE0008264 30 Arabidopsis 0 97 42567081 reflNP _ 194117.31 ubiquitin-

- 18712 ubiquitin-protein protein ligase/ zinc ion binding 
ligase [Arabidopsis thaliana] 

167 465 PHE0002782 8 Corn 0 89 115479643 dbjlBAD17509.1 I putative 

- 20059 phosphoglucose gl ucose-6-phosphate 
isomerase isomerase [Oryza sativa 

(iaoonica cultivar-grouoll 
167 465 PHE0002782 13 Com 0 89 115479643 dbjlBAD17509.1 I putative 

_22452 phosphoglucose gl ucose-6-phosphate 
isomerase isomerase (Oryza sativa 

(iaoonica cultivar-grouoll 
168 466 PHE0009438 9 Corn GNC 8.00E- 52 115445073 dbilBAD17612.1 I zinc finger 

_20404 84 protein-like (Oryza sativa 
0aponica cultivar-group)] 

169 467 PHE0009429 13 Rice sulphiredoxin 6.00E- 85 71905635 gblAAZ52795.1 I sulfiredoxin-

- 20392 68 like protein [Oryza sativa 
(iaoonica cultivar-grouoll 

170 468 PHE0009440 13 Yeast sulphiredoxin 3.00E- 100 6322764 splP36077ISRX1_ YEAST 
_20406 66 Sulfiredoxin 

171 469 PHE0008543 13 Agrobacterium 0 97 17937602 reflNP _534391.1 I siroheme 

- 18945 siroheme synthase synthase [Agrobacterium 
tumefaciens str. C58] 

171 469 PHE0008543 20 Agrobacterium 0 97 17937602 reflNP _534391.1 I siroheme 

- 18946 siroheme synthase synthase [Agrobacterium 
tumefaciens str. C58] 

171 469 PHE0008543 10 Agrobacterium 0 97 17937602 reflNP _534391.1 I siroheme 

- 18947 siroheme synthase synthase [Agrobacterium 
tumefaciens str. C58l 

172 470 PHE0006960 8 Rice nitrate 0 96 115448947 dbilBAD16843.1 I putative 

- 16857 reductase nitrate reductase [Oryza sativa 
0aponica cultivar-group)] 

173 471 PHE0009427 13 Arabidopsis 1.00E- 88 30686639 dbjlBAB01781.1I 
_20389 imidazoleglycerol- 118 imidazoleglycerol-phosphate 

phosphate dehydratase [Arabidopsis 
dehydratase thaliana] 

174 472 PHE0006437 13 Arabidopsis putative 1.00E- 95 22327062 reflNP _ 197926.21 protein 
_15906 protein kinase 170 kinase/ protein serine/ 

threonine kinase/ protein-
tyrosine kinase [Arabidopsis 
thaliana] 

175 473 PHE0007409 3 Rice mono- or 0 99 115467862 dbilBAD33251.1 I putative 
_17652 diacylglycerol mono- or diacylglycerol 

acyltransferase acyltransferase [Oryza sativa 
(iaoonica cultivar-grouoll 

176 474 PHE0009426 13 Yeast histidinol 0 100 14318548 dbjlBAA09264.1 I histidinol 
_20387 phosphatase phosphatase [Saccharomyces 

cerevisiae] 

177 475 PHE0009430 13 Soy sulphiredoxin 2.00E- 74 85719364 gblABC75369.1 IParB-like 
_20393 45 nuclease [Medicago 

truncatula] 

- 27 -

Case No.: IPR2023-00322 
U.S. Patent No. 10,273,492



 
Motif Exhibit 1039, Page 728 of 1288

WO 2009/009142 PCT/US2008/008557 

NUC PEP 
SEQ SEQ Gene ID BV 

Gene Name e-value % GenBank Annotation 
ID ID ID Id ID 

NO NO 
178 476 PHE0007003 13 Rice putative 1.00E- 82 115467132 dbjlBAD37240.1 I putative 

- 16906 phosphotyrosyl 171 phosphotyrosyl phosphatase 
phosphatase activator [Oryza sativa 
activator 0aponica cultivar-group)] 

179 477 PHE0008378 13 Yeast general 1.00E- 94 6320828 splP03069I General control 

- 18741 control protein 144 protein GCN4 {Amino acid 
biosynthesis regulatory 
protein) (Saccharomyces 
cerevisiaeJ 

180 478 PHE0008273 30 Arabidopsis nucleic 0 95 30683900 reflNP _ 180412.21 nucleic acid 

- 18725 acid binding protein binding (Arabidopsis thaliana] 

181 479 PHE0008547 20 Com ferredoxin 1.00E- 75 119961 splP27789I Maize ferredoxin-5 

- 18953 38 (Ferredoxin V) 

182 480 PHE0006922 13 Com putative 0 87 115439869 gblAAZ93623.1 I hexokinase 6 

- 16812 hexokinase I [Oryza sativa Oaponica 
cultivar-group)] 

183 481 PHE0006920 13 Corn putative CAD 0 88 115439215 gblAAP92128.1 I putative 

- 16810 ATPase ATPase ATP1 [Oryza sativa 
0aponica cultivar-group)] 

184 482 PHE0008396 9 Com altered 0 97 121341 splP25462I Maize glutamine 

- 18765 glutamine synthetase (Glutamate--
synthetase2 ammonia ligase) (GS2) 

185 483 PHE0006957 13 Corn glutamine 0 97 121341 splP25462[ Maize glutamine 

- 16854 synthetase2 synthetase (Glutamate--
C299A/C364A ammonia ligase) (GS2) 
double mutant 

186 484 PHE0006404 13 Arabidopsis RNA- 0 96 18423760 reflNP _568826.1 IRNA binding 

- 15936 binding protein protein [Arabidopsis thaliana] 

187 485 PHE0006820 13 Nostoc punctiforme 0 97 23129576 reflZP _00111402.1 IUncharact 

- 16401 A-type flavoproteins erized flavoproteins [Nostoc 
punctiforme PCC 73102] 

188 486 PHE0006690 13 Corn putative high 0 79 108794607 gblABG20828.1 I high affinity 

- 16236 affinity nitrate nitrate transporter NRT2.5 
transporter [Hordeurn vulgare subsp. 

vulgare] 

189 487 PHE0006395 13 Arabidopsis leucine- 0 100 18391461 gblAAW57412.1I plant 

- 15932 rich repeat protein intracellular Aas-group-related 
LRR protein 3 [Arabidopsis 
thalianaJ 

190 488 PHE0006759 6 Arabidopsis glycine 0 100 15235745 reflNP _ 195506.1 I Serine 

- 16384 hydroxymethyltransf hydroxyrnethyltransferase 1); 
erase/serine glycine hydroxymethyl-
hydroxymethyltransf transferase [Arabidopsis 
erase thaliana] 

191 489 PHE0006576 13 Corn tuber-specific 1.00E- 57 115469098 dbilBAD37513.1I putative 

- 16028 and sucrose- 87 tuber-specific and sucrose-
responsive element responsive element binding 
binding factor factor [Oryza sativa Oaponica 

cultivar-group)] 

192 490 PHE0006979 13 Arabidopsis xylogen 1.00E- 100 18405294 dbj[BAE73268.1 I xylogen like 

- 16885 like protein 12 103 protein 12 [Arabidopsis 
thaliana] 

193 491 PHE0009786 9 Arabidopsis HFR1- 1.00E- 93 18378953 splO9FE22I Long hypocotyl in 
_21754 delta N105 mutant 97 far-red 1 {bHLH-like protein 

HFR1 ); gblAAK15282.1 basic 
helix-loop-helix FB11 protein 
[Arabidopsis thaliana) 

193 491 PHE0009786 30 Arabidopsis HFR1- 1.00E- 93 18378953 splO9FE221 Long hypocotyl in 

- 20911 delta N105 mutant 97 far-red 1 {bHLH-like protein 
HFR1); gblAAK15282.1 basic 
helix-loop-helix FBl1 protein 
[Arabidopsis thaliana] 
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194 492 PHE0006572 13 Arabidopsis 1.00E- 100 18396914 refjNP _566229.1 IPhosphoenol 

- 16007 phosphoenolpyruvat 160 pyruvate carboxylase kinase 2 
e carboxylase [Arabidopsis thaliana] 
kinase 2 

195 493 PHE0006828 13 Arabidopsis de- 0 94 42566387 reflNP _ 192756.2IDET1 (De-

- 16408 etiolated 1 etiolated 1) [Arabidopsis 
thaliana] 

196 494 PHE0006588 13 Corn electron 9.00E- 100 30693659 refjNP _ 175021.2 !electron 
_16092 transporter/ thiol- 90 transporter/ thiol-disulfide 

disulfide exchange exchange intermediate 
intermediate [Arabidopsis thaliana] 

197 495 PHE0006985 13 Corn putative 0 75 115450034 dbjlBAD23003.1 I putative 

- 16891 nuclear protein NAP nuclear protein NAP [Oryza 
sativa (japonica cultivar-
group)] 

198 496 PHE0006875 13 Rice putative 6.00E- 85 115479799 dbjlBAD33396.1 I putative 

- 16688 Photosystem I 61 photosystem I reaction center 
reaction center subunit V (Oryza sativa 
subunitV (japonica cultivar-group)] 

199 497 PHE0006626 13 Corn (1-3, 1-4)-beta- 1.00E- 72 18984 embjCAA36801.1 I (1-3, 1-4)-

- 16155 glucanase 134 beta-D-glucanase; 
embjCAB41401.1 I lichenase 
[Hordeum vulgare subsp. 
vulgare] 

200 498 PHE0006689 13 Corn amino acid 0 84 115443611 dbjjBAD08181 . 1 I putative 

- 16235 transporter family amino acid transport protein 
protein [Oryza sativa (japonica 

cultivar-arouo\l 
201 499 PHE0006799 9 Rhodopseudomonas 0 97 39934738 reflNP _947014.1 IMg-

- 16382 Mg-protoporphyrin protoporphyrin IX monomethyl 
IX monomethylester ester oxidative cyclase 66kD 
cyclase subunit [Rhodopseudomonas 

palustris CGA009] 

202 500 PHE0006959 8 nitrate reductase 0 95 115476820 dbjlBAD09558.1 I nitrate 
_16856 reductase apoenzyme [Oryza 

sativa (japonica cultivar-
group)) 

203 501 PHE0011615 31 Arabidopsis 0 78 38049268 gblAAR10436.1 I YDA 
_23861 activated YODA [Arabidopsis thaliana] 

204 502 PHE0006925 13 Corn translocase 2.00E- 66 115473245 dbil BAC8387 4.11 translocase 

- 16814 inner membrane-like 74 inner membrane-like protein 
protein [Oryza sativa (japonica 

cultivar-group)) 

205 503 PHE0006713 25 Arabidopsis cell 0 96 15228343 emblCAB51062.1 I cell division 

- 16274 division cycle protein cycle protein 23 homolog 
23-like [Arabidopsis thaliana] 

206 504 PHE0008447 13 Com light regulated 1.00E- 63 77023866 gblABA61130.1 I light-induced 

- 18848 protein 23 protein 1 [Loliurn perenne] 

207 505 PHE0006674 13 Rice putative nitrate 0 95 115441781 dbilBAD82445.1 I putative 

- 16221 transporter NRT1 -5 nitrate transporter NRT1-5 
[Oryza sativa (japonica 
cultivar-group)] 

208 506 PHE0010613 3 Com high oil DAG 1.00E- 80 115450433 gblABF93745.1 I expressed 
_22398 kinase-like 165 protein [Oryza sativa (japonica 

cultivar-group)] 

208 506 PHE0010613 7 Com high oil DAG 1.00E· 80 115450433 gblABF93745.1 I expressed 
_22404 kinase-like 165 protein [Oryza sativa (japonica 

cultivar-group)) 

209 507 PHE0002720 18 Corn DNA J protein 0 83 115463255 gblAAV43840.1I putative DnaJ 
_22558 protein [Oryza sativa (japonica 

cultivar-grouoll 

- 29 -

Case No.: IPR2023-00322 
U.S. Patent No. 10,273,492



 
Motif Exhibit 1039, Page 730 of 1288

WO 2009/009142 PCT/US2008/008557 

NUC PEP 
SEQ SEQ Gene ID BV Gene Name e-value % GenBank Annotation 

ID ID ID Id ID 
NO NO 
210 508 PHE0011760 31 Arabidopsis YODA 0 83 15222512 refjNP _ 176557.1 I YDA 

_24005 (YODA); protein kinase/ 
protein serine/threonine 
kinase/ protein-tyrosine kinase 
[Arabidopsis thaliana) 

211 509 PHE0010612 3 Corn high oil nucleic 1.00E- 77 115450431 gblABF93744.1 I 0111/G-patch 
_22397 acid binding 165 domain-containing protein 

[Oryza sativa 0aponica 
cultivar-group)] 

211 509 PHE0010612 7 Corn high oil nucleic 1.00E- 77 115450431 gblABF937 44.1 I 0111/G-patch 
_22403 acid binding 165 domain-containing protein 

[Oryza sativa 0aponica 
cultivar-group)] 

212 510 PHE0010615 3 Corn high oil 1.00E- 28 125581548 gblEAZ22479.1 I hypothetical 
_22400 unknown protein 32 protein OsJ_005962 [Oryza 

sativa (japonica cultivar-
group)] 

213 511 PHE0007411 3 Rice putative 0 97 57899656 dbilBAD87325.1 I putative 
17654 - tafazzin isoforrn tafazzin isoforrn [Oryza sativa 

0aponica cultivar-qrouo}J 
214 512 PHE0010617 3 Corn high oil 5.00E- 69 115447203 dbjlBAD20134.1 I 

_22402 hydrolase-like 98 isochorismatase hydrolase-like 
protein protein [Oryza sativa (japonica 

cultivar-grouoll 
215 513 PHE0010610 3 Corn high oil RING- 9.00E- 75 2894379 emblCAA74911.1I ring finger 

_22395 finger protein 27 protein [Hordeum vulgare 
subsp. vulgare] 

216 514 PHE0006883 7 Corn glucosyl 0 93 136757 splP04713j Granule-bound 

- 16702 transferase starch synthase 1, (GBSS-1) 
emblCAA2757 4.11 glucosyl 
transferase [Zea mays] 

217 515 · PHE0010636 3 Corn glucose 6- 0 89 2997589 gblAAC08524.1 I glucose-6-
_22408 phosphate phosphate/phosphate-

trans locator translocator precursor [Zea 
mays] 

217 515 PHE0010636 7 Corn glucose 6- 0 89 2997589 gblAAC08524.1 lglucose-6-
_22410 phosphate phosphate/phosphate-

translocator translocator precursor [Zea 
mays] 

218 516 PHE0011082 30 Soy SAG13 like 3.00E- 66 15239327 gblAAO22710.1 I putative short 
_23038 98 chain alcohol dehydrogenase 

[Arabidopsis thaliana] 

219 517 PHE0009475 15 Arabidopsis 0 100 15235072 reflNP _ 194272.1 I gibberellin 

- 20462 gibberellin 20- 20-oxidase/ gibberellin 3-beta-
oxidase dioxygenase [Arabidopsis 

thalianal 
219 517 PHE0009475 2 Arabidopsis 0 100 15235072 reflNP _ 194272.1 I gibberellin 

_20468 gibberellin 20- 20-oxidase/ gibberellin 3-beta-
oxidase dioxygenase [Arabidopsis 

thaliana) 
219 517 PHE0009475 1 Arabidopsis 0 100 15235072 reflNP _ 194272.1 I gibberellin 

_20899 gibberellin 20- 20-oxidase/ gibberellin 3-beta-
oxidase dioxygenase [Arabidopsis 

thalianal 
219 517 PHE0009475 an Arabidopsis 0 100 15235072 reflNP _ 194272.1 I gibberellin 

- 21740 y gibberellin 20- 20-oxidase/ gibberellin 3-beta-
oxidase dioxygenase [Arabidopsis 

thaliana] 

219 517 PHE0009475 30 Arabidopsis 0 100 15235072 reflNP _ 194272.1 I gibberellin 
_20469 gibberellin 20- 20-oxidase/ gibberellin 3-beta-

oxidase dioxygenase [Arabidopsis 
thaliana] 

220 518 PHE0007415 7 Com EIL2 0 75 125543684 gblEAY89823.1 lhypothetical 

- 17661 protein Os1_011056 [Oryza 
sativa (indica cultivar-group)] 
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221 519 PHE0006614 22 Soy STN7-LHCII 0 72 15241093 emblCAB82763.1I (1-4)-beta-

_16129 protein kinase mannan endohydrolase-like 
orotein fArabidoosis thalianal 

222 520 PHE0010611 3 Corn high oil flavin ·o 77 116317828 gblEA Y92887.1 I hypothetical 
_22396 containing protein Os1_014120 [Oryza 

monooxygenase sativa (indica cultivar-group)] 

223 521 PHE0011719 na Arabidopsis 1- 0 99 18410774 reflNP _567052.1 I 1 • 
_23946 acylglycerol-3- acylglycerol-3-phosphate O· 

phosphate 0- acyltransferase [Arabidopsis 
acvltransferase thalianal 

224 522 PHE0006861 29 Arabidopsis 0 87 5734789 gblAAD50054.1 I Hypothetical 

- 16463 unknown protein protein [Arabidopsis thaliana] 
225 523 PHE0006568 13 Corn receptor-like 0 60 115472561 dbjlBAC84489.1 I putative 

- 16005 protein kinase serine/threonine-specific 
protein kinase [Oryza sativa 
(japonica cultivar-group)] 

226 524 PHE0010652 3 Corn high oil tRNA 1.00E· 94 115469828 dbilBAD53799.1 I putative FtsJ 
_22429 methyltransferase 172 homolog 1 isoform b [Oryza 

sativa Uaponica cultivar· 
group)] 

227 525 PHE0008158 7 ZMEN1 7.00E· 56 115437056 dbilBAD73580.1 I zinc-binding 
_18448 65 protein-like [Oryza sativa 

(japonica cultivar-group)] 

228 526 PHE0003316 30 E.coli beta- 0 100 475169 emblCAA83649.1 I beta-
_20755 glucuronidase with glucuronidase [synthetic 

intron 2 from potato construct] 
light-inducible 
tissue-specific gene 

229 527 PHE0009478 2 Corn gibberellin 20 1.00E- 82 37359180 gblAAN73384.1 I putative 
_20470 oxidase 167 gibberellin 20 oxidase [Oryza 

rufiooqonl 
229 527 PHE0009478 1 Corn gibberellin 20 1.00E· 82 37359180 gblAAN73384.1 I putative 

_20900 oxidase 167 gibberellin 20 oxidase [Oryza 
rufiooaonl 

229 527 PHE0009478 an Com gibberellin 20 1.00E· 82 37359180 gblAAN73384.1 I putative 
_20471 y oxidase 167 gibberellin 20 oxidase [Oryza 

rufipogon] 
230 528 PHE0010395 30 Soy DUF716 3.00E· 55 124365521 gbjABN09755.1 I Proteinase 

_21760 84 inhibitor 14, serpin [Medicago 
truncatula) 

231 529 PHE0010391 30 Soy Unknown 7.00E· 91 115463333 gblAAV43818.1I unknown 
_21753 protein 64 protein [Oryza sativa (japonica 

cultivar-grouoll 
232 530 PHE0010396 30 Soy DUF716 2.00E- 56 124365521 gblABN09755.1 IProteinase 

_21761 83 inhibitor 14, serpin [Medicago 
truncatula] 

233 531 PHE0009511 26 Cucurbita S- 1.00E· 73 21239731 gbjAAM44307.1I S-
_22422 adenosylmethionine 147 adenosylmethionine 

decarboxylase decarboxylase [Citrofortunella 
mitisl · 

234 532 PHE0010614 3 Corn high oil SOUL· 2.00E· 80 115435220 dbjjBAA96146.1 I putative 
_22399 like protein 94 heme binding protein 2 [Oryza 

sativa (japonica cultivar-
group)] 

235 533 PHE0011420 3 Corn unknown 0 91 115464535 ref IN P _001055867 .1 IOs05g04 
_23634 protein 82600 [Oryza sativa (japonica 

cultivar-group)] 

236 534 PHE0011454 13 Corn H2B2 3.00E· 87 122044864 splP05621 I Wheat histone 
_23667 36 H2B.2 

237 535 PHE0011443 13 Corn H2B1 2.00E- 77 1708107 splP54348I Maize histone 
_24001 39 H2B.5 (H2B) 

238 536 PHE0011452 13 Corn H3·2 3.00E· 99 15232146 splP69246I Maize hHistone 
23665 69 H3.2 

239 537 PHE0010394 30 Soy Sin3 associated 2.00E- 82 115443887 dbjjBAD07609.1 I putative P18 
_21758 ploypeptide 52 [Oryza sativa (japonica 

cultivar-group)) 
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240 538 PHE0010397 30 Soy unknown 7.00E- 57 82568700 dbjjBAE48663.1 IPm52 [Prunus 

_21762 protein 17 mume) 

241 539 PHE0010398 30 Soy unknown 1.00E- 56 82568700 dbjlBAE48663.1 IPm52 [Prunus 

- 21763 protein 17 mume) 

242 540 PHE0010100 20 Klebsiella nitrite 0 90 585562 gblAAA25099. 11 nitrite 
_21467 reductase reductase [Klebsiella oxytoca] 

243 541 PHE0011503 1 Com ethylene 0 91 38607373 gblAAR25566.1 I ethylene 
_23734 receptor etr1 mutant receptor [Zea mays) 

243 541 PHE0011503 15 Corn ethylene 0 91 38607373 gbjAAR25566.1 I ethylene 
_23736 receptor etr1 mutant receptor [Zea mays) 

244 542 PHE0010099 13 Klebsiella nitrate 0 87 18314343 gblAAA25100.2l nitrate 
_21319 reductase large reductase large subunit 

subunit fKlebsiella oxvtocal 
244 542 PHE0010099 9 Klebsiella nitrate 0 87 18314343 gblAAA25100.2I nitrate 

- 21461 reductase large reductase large subunit 
subunit [Klebsiella oxytoca] 

244 542 PHE0010099 20 Klebsiella nitrate 0 87 18314343 gblAAA25100.2I nitrate 
_21466 reductase large reductase large subunit 

subunit [Klebsiella oxytoca] 
245 543 PHE0011269 13 Arabidopsis 0 96 42562138 gblAAF97271 .11 meristem L 1 

_23400 HIO2019A layer homeobox protein like 
(ATML 1) from Arabidopsis 
thaliana gblU37589 and 
contains Transposase 
PFI01527, Homeobox 
PFI00046, and START 
PFI01852 domains. 

246 544 PHE0008393 20 Com roothairless 1 0 95 34733383 gblAAQ81632.1 I roothairless 1 

- 18762 (Zea mays) 

247 545 PHE0010223 3 Com sucrose 0 87 49066602 gblAA T51689.1 I sucrose 
- 21491 transport protein 4 transport protein [Zea mays] 

248 546 PHE0011613 3 Corn WRl1 1.00E- 56 85815798 dbjlBAE78578.1 laintegumenta 
_23858 109 -like (Oryza sativa Oaponica 

cultivar-orouo)l 
248 546 PHE0011613 7 ComWRl1 1.00E- 56 85815798 dbjjBAE78578.1 laintegumenta 

_23860 109 -like protein [Oryza sativa 
0aponica cultivar-group)] 

249 547 PHE0001582 1 Com ethylene 0 93 10241927 gbjAAR25568. 11 ethylene 
_22064 receptor ETR1 like receptor [Zea mays] 

250 548 PHE0007444 18 Com aminopropyl 0 94 74481421 gblAAW57523.1 I spermidine 
_22314 transferase synthase [Zea mays] 

251 549 PHE0010543 16 Corn en-like protein 4.00E- 94 115498267 gblABl98712.1 I terminal flower 
22298 FDR2 - 92 1 [Zea mays) 

252 550 PHE0010543 12 Cen-like protein 3.00E- 94 115498267 gblABl98712.1 I terminal flower 
_22323 FDR2 83 1 [Zea mays) 

253 551 PHE0011081 30 Arabidopsis SUC2 0 88 15239921 reflNP _ 199174.1 !carbohydrate 
_23033 /sugar transporter [Arabidopsis 

thaliana] 

254 552 PHE0011075 30 Wheat P-11 · 3.00E- 77 125550734 gblEA Y96443.1 I hypothetical 
_23026 62 protein Osl_017676 [Oryza 

sativa (indica cultivar-group)] 
255 553 PHE0010100 9 Klebsiella Nrtrite 0 90 585562 splQ06458I Nitrite reductase 

_21462 reductase [NAD(P)H] large subunit 
[Klebsiella oxvtoca] 

256 554 PHE0009640 30 Arabidopsis 3.00E- 100 15236188 reflNP _ 195203.1 I unknown 
_21775 ME10609 53 protein [Arabidopsis thaliana] 

257 555 PHE0010092 13 Com translation 1.00E- 84 115452457 gblABF95443.1 I Eukaryotic 
_21307 initiation factor 2 158 translation initiation factor 2 

alpha subunit alpha subunit [Oryza sativa 
0aponica cultivar-group)] 

258 556 PHE0004611 13 Arabidopsis putative 0 89 12325237 gblAAG52567.1 I putative 
_24123 peptide transporter peptide transporter 

(Arabidopsis thaliana] 
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259 557 PHE0010093 13 Corn translation 1.00E- 85 115452457 gblABF95443.1 I Eukaryotic 

_21308 initiation factor 2 162 translation initiation factor 2 
alpha subunit alpha subunit [Oryza sativa 

(japonica cultivar-group)] 

260 558 PHE0008605 13 Arabidopsis putative 4.00E- 98 15226943 gblAAM62619.1 I putative 
_23084 histone H2B 40 histone H28 [Arabidopsis 

thaliana] 

261 559 PHE0009939 16 Arabidopsis glycine 0 98 15234036 reflNP _195027.11 glycine 
_21100 dehydrogenase dehydrogenase [Arabidopsis 

thaliana] 

262 560 PHE0009941 8 Corn MocHike 1.00E- 80 125540188 gblEA Y86583.1 I hypothetical 
_21105 124 protein Osl_007816 [Oryza 

sativa (indica cultivar-group)] 

263 561 PHE0009951 8 Yeast QSR1-like 1.00E- 93 6323104 splP418Q5I Yeast 60S 
_21135 115 ribosomal protein L 10 (L9) 

(Ubiquinol-cytochrome C 
reductase complex subunit VI-
requiring protein) 

264 562 PHE0009943 8 ArabidopsisQSR1- 1.00E- 100 18408550 gblAAM64974.1 I 60S 
_21127 like 127 ribosomal protein L 1 0 

[Arabidopsis thaliana] 

265 563 PHE0009948 8 Soy QSR1-like 1.00E- 93 92870109 gblABE794 79.1 I Ribosomal 
_21132 120 protein L1 OE [Medicago 

truncatula] 

266 564 PHE0011084 30 Soy 0 77 92896730 gblABE93328.1 IPeptidase 
_23040 SNG 1 _sinapoylgluc S10, serine carboxypeptidase 

ose:malate [Medicago truncatula] 
sinapoyltransferase 

267 565 PHE0008233 30 Soy Phi-1 protein 1.00E- 71 3759184 dbjlBAA33810.11 phi-1 
_23042 122 [Nicotiana tabacum] 

268 566 PHE0010854 13 Soy regulator of G- 1.00E- 58 22331342 reflNP _ 189238.21 Regulator of 
_22730 protein signaling 160 G-protein signaling 1 

[Arabidopsis thaliana] 

269 567 PHE0003797 10 Corn DNA-binding 1.00E- 63 1061306 emblCAA56287.1I Dof2 [Zea 
_23051 protein Dof2 44 mays] 

270 568 PHE0010194 30 Arabidopsis putative 0 94 15235301 emblCAB80722.1 I putative 
_21769 endo-1 , 4-beta endo-1 , 4-beta glucanase 

glucanase [Arabidopsis thaliana] 

271 569 PHE0010197 13 Corn putative DNA 2.00E- 72 115451027 gblABF94221.1 I bHLH family 
_21429 binding protein 25 protein {Oryza sativa (japonica 

cultivar-group)] 

271 569 PHE0010197 5 Corn putative DNA 2.00E- 72 115451027 gblABF94221.1 I bHLH family 
_21454 binding protein 25 protein {Oryza sativa (japonica 

cultivar-group)] 

271 569 PHE0010197 16 Corn putative DNA 2.00E- 72 115451027 gblABF94221.1 I bHLH family 
_21455 binding protein 25 protein[Oryza saliva (japonica 

cultivar-group)] 

271 569 PHE0010197 20 Corn putative DNA 2.00E- 72 115451027 gblABF94221.1 I bHLH family 
_21456 binding protein 25 protein[Oryza sativa (japonica 

cultivar-group)] 

271 569 PHE0010197 30 Corn putative DNA 2.00E- 72 115451027 gblABF94221.1 I bHLH family 
_21770 binding protein 25 protein (Oryza sativa (japonica 

cultivar-group)] 

272 570 PHE0011665 30 Arab id ops is 1.00E- 96 15225630 gblAAM20369.1 I putative 
_23899 chlorophyll alb 146 chlorophyll alb binding protein 

binding protein [Arabidopsis thaliana} 

273 571 PHE0012178 3 Corn putative chain 4.00E- 78 115444353 dbjJBAO28032.1 I putative 
_24443 C, structure of the 99 chain C, structure of the plant 

plant transcriptional transcriptional regulator Pbf-2 
regulator Pbf-2 [Oryza sativa (japonica 

cultivar-group)] 
274 572 PHE0012170 3 Arabidopsis 7.00E- 74 30689607 gblABC96792.1 I ARGOS-like 

24424 AG ROS-like 46 [Arabidopsis thaliana] 
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275 573 PHE0011064 4 Corn LPA1 0 85 115436512 dbjlBAD52962.1 I unknown 

-22994 protein [Oryza sativa {japonica 
cultivar-group)] 

275 573 PHE0011064 8 Corn LPA1 0 85 115436512 dbjlBAD52962.1 I unknown 

- 23000 protein (Oryza sativa (japonica 
cultivar-group)] 

275 573 PHE0011064 18 Corn LPA1 0 85 115436512 dbjjBAD52962.1 I unknown 
_23002 protein (Oryza sativa (japonica 

cultivar-group)J 

275 573 PHE0011064 9 Corn LPA1 0 85 115436512 dbjlBAD52962.1 I unknown 
_23003 protein (Oryza sativa (japonica 

cultivar-group)J 

275 573 PHE0011064 10 Corn LPA1 0 85 115436512 dbilBAD52962.1 I unknown 
_23004 protein (Oryza sativa (japonica 

cultivar-group)] 

276 574 PHE0010201 30 Soy DNA-binding 9.00E- 75 30689711 reflNP _849712.1 I transcription 
_21768 protein 30 regulator [Arabidopsis thaliana] 

277 575 PHE0010838 30 Soy PIN1 3.00E- 71 25140423 gblMN71616.1I PIN-like 
_22702 32 protein [Gossypium hirsutum] 

278 576 PHE0010201 13 Soy DNA-binding 1.00E- 75 30689711 reflNP _849712.1 I transcription 
_21433 protein 29 regulator [Arabidopsis thaliana] 

279 577 PHE0011446 13 Corn histone H3-1 7.00E- 87 166384 gblAM32655.1 I histone H3 
_23659 59 (H3-1.1) 

280 578 PHE0001424 9 Corn seed storage 1.00E- 41 57233444 gblMW48295.1 I pore-forming 
_22077 protein, 35K isoform 68 toxin-like protein Hfr-2 

AmA1- fTriticum aestivum] 
281 579 PHE0011445 13 Corn putative 3.00E- 89 115447529 dbjlBAD25356.1 I putative 

_23658 elicitor-responsive 71 elicitor-responsive gene-3 
gene-3 (Oryza sativa (japonica 

cultivar-grouo)l 
282 580 PHE0010090 21 Corn receptor 0 79 115451705 gblABF94768.1 I Receptor 

- 21297 protein kinase protein kinase CLAVATA1 
CLAVATA1 precursor,[Oryza sativa 

(japonica cultivar-group)] 
283 581 PHE0012180 7 Corn regulatory 0 83 138603 splP263071 Maize regulatory 

- 24445 protein viviparous-1 protein viviparous-1 

284 582 PHE0011083 30 Soy SAG 13 like 8.00E- 63 15239327 reflNP _ 196225.1 loxidoreducta 
_23039 homolog 87 se; dbjlBM98195.1 I short 

chain alcohol dehydrogenase-
like [Arabidopsis thaliana] 

285 583 PHE0011085 30 Soy 1.00E- 62 92896727 gblABE93325.1 IPeptidase 

- 23041 SNG1_sinapoylg1uc 157 S10, serine carboxypeptidase 
ose:malate [Medicago truncatula] 
sinapoyltransferase 

286 584 PHE0012175 3 Corn TSO1_1ike 0 62 115489476 gblABA99828.1 I 
_24440 Tesmin/TSO1-like CXC 

domain containing protein 
[Oryza sativa (japonica 
cultivar-group)] 

286 584 PHE0012175 7 Corn TSO1 _like 0 62 115489476 gblABA99828.1 I 
_24448 Tesmin/TSOHike CXC 

domain containing protein 
[Oryza sativa (japonica 
cultivar-group)J 

287 585- PHE0012177 3 Corn P24_1ike 1.00E- 74 119638471 gbJABL85062.1 I expressed 
_24442 101 protein (Brachypodium 

svlvaticuml 
288 586 PHE0011447 13 Corn P0031D02.12 1.00E- 80 115440763 gblEA Y76322.1 I hypothetical 

_23660 protein 71 protein Osl_004169 [Oryza 
sativa (indica cultivar-qrouo)l 

289 587 PHE0010194 13 Arabidopsis putative 0 95 15235301 emblCAB80722. 11 putative 
_21426 endo-1, 4-beta endo-1, 4-beta glucanase 

glucanase [Arabidopsis thaliana) 
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290 588 PHE0011666 30 SoySPDS 1.00E- 87 99083515 gblABF66657.1I spennidine 

- 23900 165 synthase (Ammopiptanthus 
mongolicus] 

291 589 PHE0011448 13 Corn histone H4-2 2.00E- 80 115479301 reflNP _001063244.1 I 
_24160 30 Os09g0433500 [Oryza sativa 

(japonica cultivar-group)] 

292 590 PHE0008324 13 Arabidopsis T2711.4 0 86 15216372 reflNP _ 172473.1 I unknown 

- 18636 protein protein (Arabidopsis thaliana] 

293 591 PHE0006971 13 Ceres82Rice 1.00E- 84 125583584 gblEAZ24515.1 I hypothetical 

- 16875 unknown protein 124 protein OsJ_007998 [Oryza 
sativa (japonica cultivar-
grouo\l 

294 592 PHE0009939 20 Arabidopsis glycine 0 98 15234036 reflNP _195027.11 glycine 
_21147 dehydrogenase dehydrogenase [Arabidopsis 

thaliana] 

295 593 PHE0009953 9 Corn dicarboxylate 0 89 40363459 dbjlBAD06219.1 I plastidic 2-
_21137 translocator 1 oxoglutarate/malate 

transporter [Zea mays] 

296 594 PHE0006907 13 Com 5.00E- 60 115458524 ref I NP _001052862.1 I 
- 16797 DUF150_MON_ZM4 94 Os0490438300 [Oryza sativa 

1251 (iaoonica cultivar-orouol 1 
297 595 PHE0008557 13 Com 0 89 115455751 dbilBAA07479.1I root 

18970 - FAD _binding_6[1 ]: :N ferredoxin-NADP+ reductase 
AD _binding_ 1 [1) [Oryza sativa (japonica 
ferredoxin-NADP cultivar-group)] 
reductase 

298 596 PHE0006443 13 Arabidopsis putative 0 98 15226918 gblAAL32813.1 I putative SET-
- 15955 SET-domain protein domain protein [Arabidopsis 

thalianal 

Selection methods for transgenic plants with enhanced agronomic trait 

Within a population of transgenic plants regenerated from plant cells transformed 

5 with the recombinant DNA many plants that survive to fertile transgenic plants that produce 

seeds and progeny plants will not exhibit an enhanced agronomic trait. Selection from the 

population is necessary to identify one or more transgenic plant cells that can provide plants 

with the enhanced trait. Transgenic plants having enhanced traits are-selected from 

populations of plants regenerated or derived from plant cells transformed as described herein 

10 by evaluating the plants in a variety of assays to detect an enhanced trait, e.g. enhanced water 

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

enhanced seed protein and enhanced seed oil. These assays also may take many forms 

including, but not limited to, direct screening for the trait in a greenhouse or field trial or by 

screening for a surrogate trait. Such analyses can be directed to detecting changes in the 

15 chemical composition, biomass, physiological properties, morphology of the plant. Changes 

in chemical compositions such as nutritional composition of grain can be detected by analysis 

of the seed composition and content of protein, free amino acids, oil, free fatty acids, starch 

or tocopherols. Changes in biomass characteristics can be made on greenhouse or field 
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grown plants and can include plant height, stem diameter, root and shoot dry weights; and, 

for com plants, ear length and diameter. Changes in physiological properties can be 

identified by evaluating responses to stress conditions, for example assays using imposed 

stress conditions such as water deficit, nitrogen deficiency, cold growing conditions, 

5 pathogen or insect attack or light deficiency, or increased plant density. Changes in 

morphology can be measured by visual observation of tendency of a transformed plant with 

an enhanced agronomic trait to also appear to be a normal plant as compared to changes 

toward bushy, taller, thicker, narrower leaves, striped leaves, knotted trait, chlorosis, albino, 

anthocyanin production, or altered tassels, ears or roots. Other selection properties include 

10 days to pollen shed, days to silking, leaf extension rate, chlorophyll content, leaf temperature, 

stand, seedling vigor, internode length, plant height, leaf number, leaf area, tillering, brace 

roots, stay green, stalk lodging, root lodging, plant health, barreness/prolificacy, green snap, 

and pest resistance. In addition, phenotypic characteristics of harvested grain may be 

evaluated, including number of kernels per row on the ear, number of rows of kernels on the 

15 ear, kernel abortion, kernel weight, kernel size, kernel density and physical grain quality. 

20 

Although the plant cells and methods of this invention can be applied to any plant cell, plant, 

seed or pollen, e.g. any fruit, vegetable, grass, tree or ornamental plant, the various aspects of 

the invention are preferably applied to corn, soybean, cotton, canola, alfalfa, wheat and rice 

plants. 

The following examples are included to demonstrate aspects of the invention, those of 

skill in the art should, in light of the present disclosure, appreciate that many changes can be 

made in the specific aspects which are disclosed and still obtain a like or similar results 

without departing from the spirit and scope of the invention. 

25 Example 1. Plant Expression Constructs 

This example illustrates the construction of plasmids for transferring recombinant 

DNA into plant cells which can be regenerated into transgenic plants of this invention 

A. Plant expression constructs for corn transformation 

A base corn transformation vector pMON93039, as set forth in SEQ ID NO: 30521, 

30 illustrated in Table 3 and Figure 2, was fabricated for use in preparing recombinant DNA for 

Agrobacterium-mediated transformation into corn tissue. 

Function Name 

Table 3. 

Annotation 
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Function Name Annotation 
Coordinates of 

SEQ ID NO: 30521 

Agrobacterium B-AGRtu.right border Agro right border sequence, 11364-11720 
T-DNA transfer essential for transfer of T-DNA. 

Gene of interest E-Os.Actl Upstream promoter region of the 19-775 
expression rice actin 1 gene 
cassette E-CaMV.35S.2xAl- Duplicated35S Al-B3 domain 788-1120 

B3 without TAT A box 

P-Os.Actl Promoter region of the rice actin 1 1125-1204 
gene 

L-Ta.Lhcbl 5' untranslated leader of wheat 1210-1270 
major chlorophyll alb binding 
protein 

I-Os.Act! First intron and flanking UTR exon 1287-1766 
sequences from the rice actin 1 
gene 

T-St.Pis4 3' non-translated region of the 1838-2780 
potato proteinase inhibitor II gene 
which functions to direct 
polyadenylation of the mRNA 

Plant selectable P-Os.Actl Promoter from the rice actin 1 gene 2830-3670 
marker 
expression L-Os.Actl First exon of the rice actin 1 gene 3671-3750 
cassette 

1-Os.Actl First intron and flanking UTR exon 3751-4228 
sequences from the rice actin 1 
gene 

TS-At.ShkG-CTP2 Transit peptide region of 4238-4465 
Arabidopsis EPSPS 

CR-AGRtu.aroA- Coding region for bacterial strain 4466-5833 
CP4.nat CP4 native aroA gene. 

T-AGRtu.nos A 3' non-translated region of the 5849-6101 
nopaline synthase gene of 
Agrobacterium tumefaciens Ti 
plasmid which functions to direct 
polyadenylation of the mRNA. 

Agro bacterium B-AGRtu.left border Agro left border sequence, essential 6168-6609 
T-DNA transfer for transfer ofT-DNA. 

Maintenance in OR-Ec.oriV-RK2 The vegetative origin of replication 6696-7092 
E.coli from plasmid RK2. 

CR-Ec.rop Coding region for repressor of 8601-8792 
primer from the ColEl plasmid. 
Expression of this gene product 
interferes with primer binding at the 
origin of replication, keeping 
plasmid copy number low. 

OR-Ec.ori-ColEl The minimal origin of replication 9220-9808 
from the E. coli plasmid ColE 1. 

P-Ec.aadA-SPC/STR Promoter for Tn7 10339-10380 
adenylyltransferase (AAD(3")) 
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Function Name Annotation 
Coordinates of 

SEQ ID NO: 30521 

CR-Ec.aadA- Coding region for Tn7 10381-11169 
SPC/STR adenylyltransferase (AAD(3")) 

conferring spectinomycin and 
streptomycin resistance. 

T-Ec.aadA-SPC/STR 3' UTR from the Tn7 11170-11227 
adenylyltransferase (AAD(3")) 
gene of E. coli. 

Other base vectors similar to the one described above were also constructed as listed 

in Table 4. These base com transformation vectors are also used for wheat and rice 

transformations. See Table 4 for a summary of base vectors and base vector ID's which are 

5 referenced in Table 2. Also see Table 5 for a summary of regulatory elements used in the 

gene expression cassettes for these base vectors and the SEQ ID NOs for these elements. 

Primers for PCR amplification of protein coding nucleotides of recombinant DNA are 

designed at or near the start and stop codons of the coding sequence, in order to eliminate 

most of the 5' and 3' untranslated regions. Each recombinant DNA coding for a protein 

10 identified in Table 2 is amplified by PCR prior to insertion into the insertion site within the 

gene of interest expression cassette of one of the base vectors as referenced in Table 2. 

Table 4 

Base Vector ID Corn Base Vector 
1 pMON92709 
2 pMON92713 
3 pMON92715 
4 pMON92716 
5 pMON92718 
6 pMON92719 
7 pMON92721 
8 pMON92722 
9 pMON92724 
10 pMON92729 
11 pMON93025 
12 pMON93026 
13 pMON93039 
14 pMON93043 
15 pMON94781 
16 pMON94830 
17 pMON99009 
18 pMON99048 
19 pMON99051 
20 pMON99052 
21 pMON100406 
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Base Vector ID Corn Base Vector 
Base Vector ID Soy And Canola Base Vector 

22 pMON74537 
23 pMON74552 
24 pMON74553 
25 pMON82053 
26 pMON83145 
27 pMON92671 
28 pMON97027 
29 pMON99006 
30 pMON100407 
31 pMON102815 
32 pMON102819 

Base Vector ID Cotton Base Vector 
33 pMON95549 
34 pMON99053 
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Table 5 

SEQ ID 
Leader 

SEQ ID Intron 
SEQ ID 

Base vector Promoter NO NO NO 
pMON92709 P-Os.GTI 30469 L-Os.GTI 30493 I-Zm.DnaK 30516 
pMON92713 P-Zm.P39486 30470 L-Zm.39486 30494 I-Zm.DnaK 30516 
pMON92715 P-Hv.Perl 30471 L-Hv.Perl 30495 I-Zm.DnaK 30516 

pMON92716 P-Zm.FDA 30472 L-Zm.FDA 30496 I-Zm.DnaK 30516 

pMON92718 P-Zm.CLKl 30473 L-Zm.Cikl 30497 I-Zm.Cikl 30517 
pMON92719 P-Zm.RAB17 30474 L-Zm.RAB17 30498 1-Zm.DnaK 30516 

pMON92721 P-Zm.SzeinCl 30475 L-Zm.SzeinCl 30499 1-Zm.DnaK 30516 

pMON92722 P-CaMV.35S-enh 30476 L-CaMV.35S 30500 1-Zm.DnaK 30516 

pMON92724 P-Zm.- 30516 
636aldolase-O: 1 :2 
+P-Zm.PPDK 30477 L-Zm.PPDK 30501 I-Zm.DnaK 

pMON92729 P-Zm.PPDK 30478 L-Zm.PPDK 30501 1-Zm.DnaK 30516 

pMON93025 P-At.SUC2 30479 L-At.SUC2 30502 1-Zm.DnaK 30516 

pMON93026 P-Os.Hl 30480 L-Os.Hl 30503 I-Zm.DnaK 30516 

pMON93039 E-Os.Actl + E-
CaMV.35S. 
2xAl-B3 +P-
Os.Act! 30481 L-Ta.Lhcbl 30504 I-Os.Act! 30518 

pMON93043 P-Zm.EM 30482 L-Zm.EM 30505 I-Zm.DnaK 30516 

pMON94781 P-Zm.Brittle-2 30483 L-Zm.Brittle-2 30506 1-Zm.DnaK 30516 

pMON94830 P-Os.Actl6 30484 L-Os.Act16 30507 I-Os.Act16 30519 
pMON99009 P-CaMV .35S-enh 30476 L Ph.DnaK 30508 None I 
pMON99048 P-Os.Actl+E-

CaMV.35S.2xAl-
B3 30485, L-Ta.Lhcbl 30504 I-Os.Act! 30518 

pMON99051 P-Zm.Knl 30486 L-Zm.Knl 30509 None I 
pMON9.9052 P-Os.Rcc3 30487 L-Os.Rcc3 30510 I-Zm.DnaK 30516 

pMON100406 P-Zm.Knl 30486 L-Zm.Knl 30509 I-Zm.DnaK 30516 

pMON74537 P-At.RbcS4 30488 L-At.RbcS4 30511 None I 
pMON74552 P-CaMV .35S-enh 30476 None I None I 
pMON74553 P-CaMV .35S-enh 30476 None I None I 
pMON82053 P-CaMV.35S-enh 30476 None I None I 
pMON83145 P-Gm.Hsp20 30489 L-Gm.Hsp20 30512 None I 
pMON92671 P-At.SAMS3 30490 L-At.SAMS3 30513 1-At.SAMS3 30520 
pMON97027 P-At.GRP7 30491 L-At.GRP7 30514 None I 
pMON99006 P-CaMV .35S-enh 30476 None I None I 
pMON100407 P-CaMV .35S-enh 30476 L-Ph.DnaK 30508 None I 
pMON102815 P-At.Erecta 30492 L At.Erecta 30515 None I 
pMON102819 P-CaMV .35S-enh 30476 None I None I 
pMON95549 P-At.SAMS3 30490 L-At.SAMS3 30513 I-At.SMAS3 30520 
pMON99053 P-CaMV .35 S-enh 30476 L-Ph.DnaK 30508 None I 
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For construct pMON94830, the L-Os.Actl6 leader sequence (SEQ ID IN 30507) is interrupted 

by the I-Os.Actl6 intron sequence (SEQ ID NO 30519) between nucleotide positions 3344 and 

3861. 

B. Plant expression constructs for soy and canola transformation 

Vectors for use in transformation of soybean and canola were also prepared. Elements 

of an exemplary common expression vector pMON82053 are shown in Table 6 below and 

Figure 3. Another example of elements used in plant expression cassestte for gene of interest 

· such as PEP SEQ ID NOs 366 and 521 were the P-Gm.Sphasl promoter (SEQ ID NO: 30524) 

and the L-Gm.Sphasl leader (SEQ ID NO: 30525) sequences. 

Table 6. 

Function Name Annotation 
Coordinates of 

SEQ ID NO: 30522 

Agrobacterium T- Agro left border sequence, essential for 
DNA transfer B-AGRtu.left border transfer ofT-DNA. 6144-6585 

P-At.Act7 Promoter from the Arabidopsis actin 7 gene 

L-At.Act7 5UTR of Arabidopsis Act7 gene 

I-At.Act? Intron from the Arabidopsis actin7 gene 6624-7861 

Plant selectable 
Transit peptide region of Arabidopsis 

TS-At.ShkG-CTP2 EPSPS 7864-8091 
marker expression 

CR-AGRtu.aroA- Synthetic CP4 coding region with dicot cassette 
CP4.nno At preferred codon usage. 8092-9459 

A 3' non-translated region of the nopaline 
synthase gene of Agrobacterium 
tumefaciens Ti plasmid which functions to 

T-AGRtu.nos direct polyadenylation of the mRNA. 9466-9718 
Promoter for 35S RNA from CaMV 

Gene of interest 
containing a duplication of the -90 to -350 

expression cassette 
P-CaMV .35S-enh region. 1-613 

3' untranslated region from the fiber protein 
T-Gb.E6-3b E6 gene of sea-island cotton. 688-1002 

Agrobacterium T- B-AGRtu.right Agro right border sequence, essential for 
DNA transfer border transfer ofT-DNA. 1033-1389 

The vegetative origin of replication from 
OR-Ec.oriV-RK2 plasmid RK2. 5661-6057 

Coding region for repressor of primer from 
the ColEl plasmid. Expression of this gene 

Maintenance in E. 
product interferes with primer binding at the 

coli 
origin of replication, keeping plasmid copy 

CR-Ec.rop number low. 3961-4152 
The minimal origin of replication from the 

OR-Ec.ori-Co!El E. coli plasmid ColEl. 2945-3533 
Promoter for Tn7 adenylyltransferase 

P-Ec.aadA-SPC/STR (AAD(3")) 2373-2414 
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Function Name Annotation 
Coordinates of 

SEQ ID NO: 30522 

Coding region for Tn7 adenylyltransferase 
CR-Ec.aadA- (AAD(3")) conferring spectinomycin and 
SPC/STR streptomycin resistance. 1584-2372 

3' UTR from the Tn7 adenylyltransferase 
T-Ec.aadA-SPC/STR (AAD(3")) gene ofE. coli. 1526-1583 

Primers for PCR amplification of protein coding nucleotides of recombinant DNA are 

designed at or near the start and stop codons of the coding sequence, in order to eliminate most 

of the 5' and 3' untranslated regions. Each recombinant DNA coding for a protein identified in 

5 Table 2 is amplified by PCR prior to insertion into the insertion site within the gene of interest 

expression cassette of one of the base vectors as referenced in Table 2. 

C. Cotton transformation vector 

Plasmids for use in transformation of cotton were also prepared. Elements of an 

exemplary common expression vector pMON99053 are shown in Table 7 below and Figure 4. 

10 Primers for PCR amplification of protein coding nucleotides of recombinant DNA are designed 

at or near the start and stop codons of the coding sequence, in order to eliminate most of the 5' 

and 3' untranslated regions. Each recombinant DNA coding for a protein identified in Table 2 is 

amplified by PCR prior to insertion into the insertion site within the gene of interest expression 

cassette of one of the base vectors as referenced in Table 2. 

15 

Table 7. 

Coordinates of 
Function Name Annotation SEQ ID NO: 

30523 

Agrobacterium 
B-AGRtu.right border Agro right border sequence, 1-357 

essential for transfer of T-
T-DNA transfer 

DNA. 
Exp-CaMV .35S-enh+Ph.DnaK Enhanced version of the 35S 388-1091 

RNA promoter from CaMV 

Gene of interest 
plus the petunia hsp70 5' 

expression 
untranslated region 

T-Ps.RbcS2-E9 The 3' non-translated region of 1165- 1797 
cassette 

the pea RbcS2 gene which 
functions to direct 
polyadenylation of the mRNA. 

Plant selectable Exp-CaMV.35S Promoter and 5' untranslated 1828-2151 
marker region from the 35S RNA of 

expression CaMV 
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Coordinates of 
Function Name Annotation SEQ ID NO: 

30523 

cassette CR-Ec.nptII-Tn5 Coding region for neomycin 2185-2979 
phosphotransferase gene from 
transposon Tn5 which confers 
resistance to neomycin and 
kanamycin. 

T-AGRtu.nos A 3' non-translated region of 3011-3263 
the nopaline synthase gene of 
Agrobacterium tumefaciens Ti 
plasmid which functions to 
direct polyadenylation of the 
mRNA. 

Agrobacterium B-AGRtu.left border Agro left border sequence, 3309-3750 
essential for transfer of T-

T-DNA transfer 
DNA. 

OR-Ec.oriV-RK2 The vegetative origin of 3837-4233 
replication from plasmid RK2. 

CR-Ec.rop Coding region for repressor of 5742-5933 
primer from the ColEl 
plasmid. Expression of this 
gene product interferes with 
primer binding at the origin of 
replication, keeping plasmid 
copy number low. 

OR-Ec.ori-ColEl The minimal origin of 6361-6949 

Maintenance in replication from the E. coli 

E.coli plasmid ColEl. 
P-Ec.aadA-SPC/STR Promoter for Tn7 7480-7521 

adenylyltransferase 
(AAD(3")) 

CR-Ec.aadA-SPC/STR Coding region for Tn7 7522-8310 
aden yl y ltransferase 
(AAD(3")) conferring 
spectinomycin and 
streptomycin resistance. 

T-Ec.aadA-SPC/STR 3' UTR from the Tn7 8311-8368 
adenylyltransferase 
(AAD(3")) gene ofE. coli. 

Example 2. Corn Transformation 

This example illustrates plant cell transformation methods useful in producing 

transgenic com plant cells, plants, seeds and pollen of this invention and the production and 

5 identification of transgenic com plants and seed with an enhanced trait, i.e. enhanced water use 

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

enhanced seed protein and enhanced seed oil. Plasmid vectors were prepared by cloning DNA 
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identified in Table 2 in the identified base vectors for use in corn transformation of corn plant 

cells to produce transgenic corn plants and progeny plants, seed and pollen. 

For Agrobacterium-mediated transformation of corn embryo cells corn plants of a 

readily transformable line are grown in the greenhouse and ears are harvested when the embryos 

5 are 1.5 to 2.0 mm in length. Ears are surface sterilized by spraying or soaking the ears in 80% 

ethanol, followed by air drying. Immature embryos are isolated from individual kernels on 

surface sterilized ears. Prior to inoculation of maize cells, Agrobacterium cells are grown 

overnight at room temperature. Immature maize embryo cells are inoculated with 

Agrobacterium shortly after excision, and incubated at room temperature with Agrobacterium 

10 for 5-20 minutes. Immature embryo plant cells are then co-cultured with Agrobacterium for 1 

to 3 days at 23°C in the dark. Co-cultured embryos are transferred to selection media and 

cultured for approximately two weeks to allow embryogenic callus to develop. Embryogenic 

callus is transferred to culture medium containing 100 mg/L paromomycin and subcultured at 

about two week intervals. Transformed plant cells are recovered 6 to 8 weeks after initiation of 

15 selection. 

For Agrobacterium-mediated transformation of maize callus immature embryos are 

cultured for approximately 8-21 days after excision to allow callus to develop. Callus is then 

incubated for about 30 minutes at room temperature with the Agrobacterium suspension, 

followed by removal of the liquid by aspiration. The callus and Agrobacterium are co-cultured 

20 without selection for 3-6 days followed by selection on paromomycin for approximately 6 

weeks, with biweekly transfers to fresh media. Paromomycin resistant calli are identified about 

6-8 weeks after initiation of selection. 

For transformation by microprojectile bombardment maize immature embryos are 

isolated and cultured 3-4 days prior to bombardment. Prior to microprojectile bombardment, a 

25 suspension of gold particles is prepared onto which the desired recombinant DNA expression 

cassettes are precipitated. DNA is introduced into maize cells as described in U.S. Patents 

5,550,318 and 6,399,861 using the electric discharge particle acceleration gene delivery device. 

Following microprojectile bombardment, tissue is cultured in the dark at 27°C. Additional 

transformation methods and materials for making transgenic plants of this invention, for 

30 example, various media and recipient target cells, transformation of immature embryos and 

subsequence regeneration of fertile transgenic plants are disclosed in U.S. Patents 6,194,636 and 
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6,232,526 and U.S. Patent application Serial No. 09/757 ,089, which are incorporated herein by 

reference. 

To regenerate transgenic corn plants a callus of transgenic plant cells resulting from 

transformation and selection is placed on media to initiate shoot development into plantlets 

5 which are transferred to potting soil for initial growth in a growth chamber at 26°C followed by 

a mist bench before transplanting to 5 inch pots where plants are grown to maturity. The 

regenerated plants are self-fertilized and seed is harvested for use in one or more methods to 

select seeds, seedlings or progeny second generation transgenic plants (R2 plants) or hybrids, 

e.g. by selecting transgenic plants exhibiting an enhanced trait as compared to a control plant. 

10 Transgenic corn plant cells are transformed with recombinant DNA from each of the 

15 

genes identified in Table 2. Progeny transgenic plants and seed of the transformed plant cells 

are screened for enhanced water use efficiency, enhanced cold tolerance, increased yield, 

enhanced nitrogen use efficiency, enhanced seed protein and enhanced seed oil as reported in 

Example 7. 

Example 3. Soybean transformation 

This example illustrates plant transformation useful in producing the transgenic soybean 

plants of this invention and the production and identification of transgenic seed for transgenic 

soybean having enhanced water use efficiency, enhanced cold tolerance, increased yield, 

20 enhanced nitrogen use efficiency, enhanced seed protein and enhanced seed oil. 

For Agrobacterium mediated transformation, soybean seeds are imbided overnight and 

the meristem explants excised. The explants are placed in a wounding vessel. Soybean 

ex plants and induced Agrobacterium cells from a strain containing plasmid DNA with the gene 

of interest cassette and a plant selectable marker cassette are mixed no later than 14 hours from 

25 the time of initiation of seed imbibition, and wounded using sonication. Following wounding, 

explants are placed in co-culture for 2-5 days at which point they are transferred to selection 

media for 6-8 weeks to allow selection and growth of transgenic shoots. Resistant shoots are 

harvested approximately 6-8 weeks and placed into selective rooting media for 2-3 weeks. 

Shoots producing roots are transferred to the greenhouse and potted in soil. Shoots that remain 

30 healthy on selection, but do not produce roots are transferred to non-selective rooting media for 

an additional two weeks. Roots from any shoots that produce roots off selection are tested for 
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expression of the plant selectable marker before they are transferred to the greenhouse and 

potted in soil. Additionally, a DNA construct can be transferred into the genome of a soybean 

cell by particle bombardment and the cell regenerated into a fertile soybean plant as described in 

U.S. Patent 5,015,580, herein incorporated by reference. 

5 Transgenic soybean plant cells are transformed with recombinant DNA from each of the 

genes identified in Table 2. Transgenic progeny plants and seed of the transformed plant cells 

are screened for enhanced water use efficiency, enhanced cold tolerance, increased yield, 

enhanced nitrogen use efficiency, enhanced seed protein and enhanced seed oil as reported in 

Example 7. 

Example 4. Cotton transgenic plants with enhanced agronomic traits 

Cotton transformation is performed as generally described in WO003691 l and in U.S. 

Pat. No. 5,846,797. Transgenic cotton plants containing each of the recombinant DNA having a 

sequence of SEQ ID NO: 1 through SEQ ID NO: 298 are obtained by transforming with 

15 recombinant DNA from each of the genes identified in Table 1. Progeny transgenic plants are 

selected from a population of transgenic cotton events under specified growing conditions and 

are compared with control cotton plants. Control cotton plants are substantially the same cotton 

genotype but without the recombinant DNA, for example, either a parental cotton plant of the 

same genotype that was not transformed with the identical recombinant DNA or a negative 

20 isoline of the transformed plant. Additionally, a commercial cotton cultivar adapted to the 

geographical region and cultivation conditions, i.e. cotton variety ST474, cotton variety FM 

958, and cotton variety Si okra L-23, are used to compare the relative performance of the 

transgenic cotton plants containing the recombinant DNA. The specified culture conditions are 

growing a first set of transgenic and control plants under "wet" conditions, i.e. irrigated in the 

25 range of 85 to 100 percent of evapotranspiration to provide leaf water potential of -14 to -18 

bars, and growing a second set of transgenic and control plants under "dry" conditions, i.e. 

irrigated in the range of 40 to 60 percent of evapotranspiration to provide a leaf water potential 

of -21 to -25 bars. Pest control, such as weed and insect control is applied equally to both wet 

and dry treatments as needed. Data gathered during the trial includes weather records 

30 throughout the growing season including detailed records of rainfall; soil characterization 

information; any herbicide or insecticide applications; any gross agronomic differences 
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observed such as leaf morphology, branching habit, leaf color, time to flowering, and fruiting 

pattern; plant height at various points during the trial; stand density; node and fruit number 

including node above white flower and node above crack boll measurements; and visual wilt 

scoring. Cotton boll samples are taken and analyzed for lint fraction and fiber quality. The 

5 cotton is harvested at the normal harvest timeframe for the trial area. Enhanced water use 

efficiency is indicated by increased yield, improved relative water content, enhanced leaf water 

potential, increased biomass, enhanced leaf extension rates, and improved fiber parameters. 

The transgenic cotton plants of this invention are identified from among the transgenic 

cotton plants by agronomic trait screening as having increased yield and enhanced water use 

10 efficiency. 

Example 5. Canola transformation 

This example illustrates plant transformation useful in producing the transgenic canola 

plants of this invention and the production and identification of transgenic seed for transgenic 

15 canola having enhanced water use efficiency, enhanced cold tolerance, increased yield, 

enhanced nitrogen use efficiency, enhanced seed protein and enhanced seed oil. 

Tissues from in vitro grown canola seedlings are prepared and inoculated with 

overnight-grown Agrobacterium cells containing plasmid DNA with the gene of interest 

cassette and a plant selectable marker cassette. Following co-cultivation with Agrobacterium, 

20 the infected tissues are allowed to grow on selection to promote growth of transgenic shoots, 

followed by growth of roots from the transgenic shoots. The selected plantlets are then 

transferred to the greenhouse and potted in soil. Molecular characterization are performed to 

confirm the presence of the gene of interest, and its expression in transgenic plants and 

progenies. Progeny transgenic plants are selected from a population of transgenic canola events 

25 under specified growing conditions and are compared with control canola plants. Control canola 

plants are substantially the same canola genotype but without the recombinant DNA, for 

example, either a parental canola plant of the same genotype that is not transformed with the 

identical recombinant DNA or a negative isoline of the transformed plant 

Transgenic canola plant cells are transformed with recombinant DNA from each of the 

30 genes identified in Table 2. Transgenic progeny plants and seed of the transformed plant cells 

are screened for enhanced water use efficiency, enhanced cold tolerance, increased yield, 
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enhanced nitrogen use efficiency, enhanced seed protein and enhanced seed oil as reported in 

Example 7. 

Example 6. Homolog Identification 

This example illustrates the identification of homologs of proteins encoded by the DNA 

identified in Table 2 which is used to provide transgenic seed and plants having enhanced 

agronomic traits. From the sequence of the homologs, homologous DNA sequence can be 

identified for preparing additional transgenic seeds and plants of this invention with enhanced 

agronomic traits. 

10 An "All Protein Database" was constructed of known protein sequences using a 

proprietary sequence database and the National Center for Biotechnology Information (NCBI) 

non-redundant amino acid database (nr.aa). For each organism from which a polynucleotide 

sequence provided herein was obtained, an "Organism Protein Database" was constructed of 

known protein sequences of the organism; it is a subset of the All Protein Database based on the 

15 NCBI taxonomy ID for the organism. 

The All Protein Database was queried using amino acid sequences provided herein as 

SEQ ID NO: 299 through SEQ ID NO: 596 using NCBI "blastp" program with E-value cutoff 

of le-8. Up to 1000 top hits were kept, and separated by organism names. For each organism 

other than that of the query sequence, a list was kept for hits from the query organism itself with 

20 a more significant E-value than the best hit of the organism. The list contains likely duplicated 

genes of the polynucleotides provided herein, and is referred to as the Core List. Another list 

was kept for all the hits from each organism, sorted by E-value, and referred to as the Hit List. 

The Organism Protein Database was queried using polypeptide sequences provided herein 

as SEQ ID NO: 299 through SEQ ID NO: 596 using NCBI ''blastp" program with E-value 

25 cutoff of le-4. Up to 1000 top hits were kept. A BLAST searchable database was constructed 

based on these hits, and is referred to as "SubDB". SubDB was queried with each sequence in 

the Hit List using NCBI "blastp" program with E-value cutoff of le-8. The hit with the best E­

value was compared with the Core List from the corresponding organism. The hit is deemed a 

likely ortholog if it belongs to the Core List, otherwise it is deemed not a likely ortholog and 

30 there is no further search of sequences in the Hit List for the same organism. Homologs from a 

large number of distinct organisms were identified and are reported by amino acid sequences of 
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SEQ ID NO: 597 through SEQ ID NO: 30468. These relationships of proteins of SEQ ID NO: 

299 through 596 and homologs of SEQ ID NO: 597 through 30468 are identified in Table 8. 

The source organism for each homolog is found in the Sequence Listing. 

Table 8. 

5 PEP SEQ ID NO:homolog SEQ ID NOs 

299:22505 17330 17332 3832 26661 24604 24601 26617 26553 26585 26591 26640 
26582 26471 26635 26572 26576 26556 26609 26423 25650 26551 2373 2405 
24690 25446 25450 26422 26473 25340 10489 21242 21238 21241 21279 24723 
24725 25494 25690 25164 16529 7978 10037 16615 16621 11055 12923 6955 

10 7874 7948 7839 8664 12144 14757 17096 14796 14828 26829 12171 21124 
23048 20000 23191 22333 20933 15625 22212 19851 28192 27896 22998 22992 
15629 28137 24133 22151 29931 985 2060 944 28955 28930 28990 29965 
15658 21486 21255 20071 19073 19014 18158 18127 18109 15620 2239 2233 
16398 14851 11657 12588 11744 14570 13748 13790 12143 12170 12173 12919 

15 15622 15628 15656 15604 16393 16394 16392 12916 11037 22432 8701 24656 
19135 19853 7817 18495 2869 8263 29437 29438 22440 22435 21711 22465 
21146 17031 19010 21907 27742 22415 5429 1188 5421 18365 23435 12382 
12090 12087 10571 18362 23640 15382 987 6445 6417 5413 8888 2538 
24892 15423 1089 1127 5417 21701 24630 24633 21702 21705 25589 25558 

20 21697 7438 22989 17339 1478 1506 1479 9199 25171 26307 1472 25424 
25418 5394 23942 8884 8887 12914 23541 

300:16906 20559 21806 5055 4905 9056 13559 14510 4167 13364 13441 11165 
3862 1913 6572 9353 29885 5672 23667 20433 11405 26215 8142 13983 
9317 1831 16167 26355 11049 12454 607 20163 21550 8941 3691 19336 

25 8960 11635 2500 12784 9832 13853 14431 6891 25892 24022 26873 8074 
10050 6314 15883 23231 829 4758 4754 28646 4717 20464 9858 7971 
12622 20501 4271 12195 9291 19503 21548 4124 10854 26029 12272 1775 
25590 22837 22812 22556 10678 16223 25625 21334 8456 22176 14327 14302 
17822 17624 16859 16850 17780 17619 17629 16852 10588 10650 1001 29219 

30 15690 20293 25766 12151 21485 14320 17504 15478 15477 15066 15835 30365 
30421 2696 20311 3417 19744 18488 3839 8782 17965 3743 3775 17509 
17514 7891 6457 12394 12411 4075 4077 17590 21909 28286 3388 16788 
15982 7848 29135 20349 19157 14248 29979 17396 17358 17398 17407 17324 
17410 17366 17403 17357 17368 17360 19996 19846 11904 23714 2173 22814 

35 22809 20197 29687 3983 24318 21492 20319 26103 28858 6802 20161 3448 
4055 12112 7750 12606 13406 12501 6292 9527 13807 3896 12598 5152 
5149 5155 368 10357 26816 

301:23796 2040 5965 5087 6920 4213 4210 3372 5323 16802 27336 6010 
8202 26922 2187 12208 19871 11517 22010 9197 

40 302:23710 23757 13694 19592 23650 22298 8204 25706 24745 15742 30254 26637 
15339 21922 20145 25220 16474 13767 24177 23168 13704 

303: 3118 4379 29540 19057 23492 24494 29662 25823 22886 22040 8636 
304:26286 15828 29381 9463 1447 21905 14853 28599 20781 27729 18418 27603 

25716 26765 16175 23282 13862 1876 2531 5158 2533 1911 11707 6224 
45 26059 22774 10047 19527 24245 14187 10461 29433 11856 11359 8254 1796 

13315 5545 10252 6191 13314 17203 23729 19203 6192 6228 29464 11849 
11846 6202 6193 27557 1797 10397 18417 9442 9470 9471 9441 2568 

1789 6233 6227 6222 2751 26484 19634 2753 2526 10548 2523 1794 
6151 4931 4935 5392 10581 10578 2167 28003 16045 2532 18805 25644 

50 25642 9834 12912 12907 15640 633 25781 4120 9293 11181 8741 3780 
18808 26630 26485 24195 4726 377 14947 2501 18997 20773 19301 16345 
18906 7189 15422 18210 21903 25270 24910 2503 10083 10113 10084 

305:18758 19672 29878 23393 24854 10271 27282 5416 23140 27083 2820 18194 
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12159 9628 23204 13486 8110 12511 29407 1503 1698 28122 17599 5085 
4965 5960 13895 14534 22724 18476 18472 18083 6734 4997 23491 17752 

26978 29291 24877 24879 27070 7649 1949 21111 19488 21730 23945 21686 
27651 27650 25269 26607 2212 12263 12554 13918 14019 13994 24823 

5 306: 4073 22555 4100 27267 26975 4996 15934 19811 15228 25434 15706 9550 
6935 23481 1480 1482 22482 23641 21374 10611 11281 1517 1518 20953 

27704 18146 5286 3202 20016 12556 8797 12122 11246 15875 7987 28966 
24975 15587 1524 1520 1525 22082 16220 12190 17779 13034 6068 14309 

1994 8624 24174 25476 7577 15375 9142 6515 
10 307:16517 13655 16944 13657 7250 7253 12523 12555 12496 12558 12553 12525 

12447 12531 12529 11716 12499 12463 12453 11714 12577 12494 11711 21462 
12491 12601 12582 12580 21464 21465 21507 21503 16115 29908 3927 21531 
11721 12449 12456 12564 12574 12579 12597 4697 27420 29700 887 888 
29909 10124 10158 3563 3567 2220 19295 11183 6149 23835 18693 5946 

15 11374 7886 10617 22967 2516 25498 16862 19210 19213 20295 12609 20321 
19214 21959 21952 9615 9870 2134 24575 19069 12843 24557 21955 9616 

5341 17200 24499 19179 16766 27442 27444 27475 11328 16431 22721 27181 
5216 30264 17131 27106 28708 27417 27447 877 873 875 871 8082 
6820 25860 22904 13900 14638 15177 21498 16830 27002 26518 10906 

20 308:21299 5872 17817 22477 17074 5710 14819 10604 17874 1813 10959 10605 
15093 26425 26689 15978 7997 20445 27568 22238 24487 14436 8017 11460 
11177 23024 7463 17377 12864 16004 7043 10148 5131 17879 2644 4412 
30069 7754 23829 27906 18649 18440 12984 10731 1103 9112 16047 10098 

7912 16569 16562 6731 17991 27109 737 4745 1628 1918 8843 10143 
25 23669 15513 26808 624 8628 24803 29563 22820 5123 10502 15852 29463 

22220 10856 18502 23546 13041 11144 7740 22616 15720 20242 23531 5722 
20633 5177 20273 19174 27912 17072 2243 16163 25856 5049 6431 1557 

7243 920 10764 22406 29189 5927 25074 30314 11963 2240 3307 17229 
1852 25569 23447 28980 12872 29015 25605 11835 16360 5509 30059 20235 

30 4232 777 18344 30237 16693 10540 9369 8759 9835 6007 24894 10066 
18130 29536 17856 26868 3903 16811 18196 21620 26548 7365 15998 3435 
27303 23365 7429 11162 26510 12980 9574 23826 21579 5242 18786 14691 
24298 12247 3422 15077 5617 2735 26140 997 29968 12410 12430 10035 
14455 7492 23858 24253 17897 14804 22708 1951 3376 2209 19943 4307 

35 28095 17187 11974 15174 24900 18475 20119 16286 18268 17385 22117 27898 
8793 15872 15906 4708 21261 26796 17926 27187 29242 3511 15315 28909 

14450 15500 18402 15627 29217 28317 25837 1144 10601 28448 696 19865 
19308 28313 24999 21607 2359 23902 7170 26313 18751 16086 24401 23719 
26186 20994 6420 27239 24526 30413 5823 15225 19802 25521 16776 22806 

40 5296 9126 19695 20534 28027 27517 28414 17210 6379 15657 5267 30048 
12519 10872 7999 3409 15362 18419 9898 24104 13253 13534 12783 16649 
21079 7630 26772 22421 1477 28203 24992 8063 2672 9815 13717 30388 
28256 22915 19937 8726 10192 5739 848 22943 28147 3316 5705 29741 
13175 9919 22404 1054 27138 29191 24754 9604 14403 23630 10191 14456 

45 29106 21213 2964 12239 28568 17977 6904 14167 29917 25066 6760 11818 
10338 11895 9584 13160 28158 4901 13340 8682 19451 2848 22433 2436 
25490 10991 20029 19992 12490 12785 26327 

309:20952 3236 24334 17181 27703 2623 29914 6200 7062 3530 3554 23659 
25523 881 10869 12110 6449 24143 20219 18629 16735 28415 10036 20347 

50 20380 24855 4163 9382 18086 13740 12955 3770 21914 17308 26890 5621 
4316 22499 13629 7216 14424 1693 15401 20539 26693 4545 6048 10842 

24512 4305 18585 2506 19115 14873 12308 18961 24529 9057 20738 7334 
29837 22519 24768 3969 15041 24322 23592 29505 3601 11341 994 29145 
11268 22722 19591 4525 2445 29611 3707 4339 23545 23449 26341 20094 

55 26889 7940 9580 26304 16101 5572 635 10465 4954 10916 15869 8855 
6601 3351 23384 4094 29250 21718 17876 28965 5077 21429 17490 6375 

25086 13446 13636 23483 22483 7618 2598 29424 27960 18996 2440 7224 
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13322 7785 27104 8134 6761 3390 3119 13435 20599 17077 24289 23988 
18684 20468 22443 27060 22953 27019 17163 27831 3678 18733 1346 17225 

3681 5554 26543 26495 19458 25397 1456 21781 24859 9246 9688 8767 
27583 7360 22732 20947 14430 3682 8790 14166 5271 28857 4601 1785 

5 6220 8856 8812 14515 5548 17409 11560 19742 5005 1435 30386 18204 
11765 23599 25429 24305 3499 7990 5931 13351 3632 7908 14951 7389 
24053 1667 1034 21846 12920 10712 17253 14508 17438 17283 5056 15270 

6588 24518 25812 8928 19389 21797 1648 15618 22165 
310:27320 24987 3155 1338 1958 13881 9392 5380 13563 19750 8872 25913 

10 27110 26243 7854 7289 14448 28326 27162 12993 29870 16402 16956 13426 
7595 22122 24090 19304 11864 17988 24435 18484 5785 18625 19889 18382 
5708 21735 18955 9538 23623 5991 16978 9399 20682 16184 15467 13163 

12299 17857 17272 10117 9126 1908 20035 18868 1615 22344 21292 5575 
23780 14761 1271 2801 2661 28391 13388 947 29985 8245 4032 23900 

15 2123 
311: 6221 29064 17247 6808 12617 7461 25019 27320 12138 11900 28785 24432 

20920 5932 28450 24155 15601 19264 24987 7778 9425 9977 3155 13839 
8427 13528 9037 22855 8895 10354 1338 26530 6364 28603 978 30171 
1958 13881 17361 1702 18189 20590 23012 27156 27068 13620 5486 27182 

20 9677 22229 9392 15962 3210 8742 24082 990 10488 5380 17512 6124 
6055 13719 17369 29156 12186 15574 8776 13563 6889 19750 20360 7363 
8872 28972 25913 25286 27110 16970 14626 19913 2952 10499 8629 9397 
7854 7289 25142 6264 25242 3113 14448 20014 28326 25736 851 26389 

29409 27162 3838 4400 21345 29155 19112 1496 12993 29870 26415 24607 
25 16710 29604 10623 23311 16956 3771 3699 26331 13426 28618 30342 10787 

22013 13395 26237 19387 22122 1749 7561 12534 7615 6209 14740 13822 
10582 29510 1198 29849 2778 3070 3166 17352 19559 9318 10204 19304 
11864 11889 20011 11452 13280 2476 24435 30405 5660 11638 18484 5785 
24573 13152 3500 14627 20999 5418 8515 13432 14110 18625 16324 19889 

30 23903 14217 18382 22486 11208 24088 18108 5708 21735 18955 1869 25143 
29060 2007 5397 18687 9538 12522 23623 5991 16978 19643 9399 28296 

9636 29475 29781 23052 2283 1872 20682 2649 25655 16184 15467 27532 
22123 13163 23406 23689 20203 25024 28677 26110 22300 16840 12299 13125 
22619 23418 17857 17272 1059 17654 18868 2175 1615 2433 22344 3860 

35 13709 5536 13550 10665 16641 9608 18406 26357 25798 10449 9776 23647 
12590 8900 3871 27728 25721 21292 23335 24835 5575 23780 14761 26853 

4020 1271 22742 23275 7890 9028 27304 8248 6207 23774 13864 6901 
12323 28812 5966 23795 779 8321 18640 15951 7688 14971 10176 28391 
13388 1939 18213 23163 9301 25502 7903 22199 947 14605 21289 21454 

40 22941 28142 19272 10044 22584 8166 13412 8832 24883 19366 29985 8245 
28021 18519 30379 9864 4032 8721 22066 14766 1086 24339 17531 

312:29436 14850 13477 2138 3208 3901 17105 2948 7829 14379 21505 29152 
6268 10681 7413 1697 1731 7698 8049 13604 29275 29284 9724 13742 
1912 21193 8715 7643 7828 6865 24632 20340 13530 7677 13192 7650 

45 2984 3158 979 13456 6629 12057 26973 23946 3277 12182 17057 2940 
27892 16501 6452 2036 11240 6210 22683 3338 29324 4421 21469 20398 

7304 3711 8803 17032 4068 13005 20760 28766 1534 5146 20442 11809 
25387 26506 13006 18535 7196 7064 7797 19077 5312 3279 8228 20792 
18218 17456 21741 28268 3449 1481 24411 24354 25922 1317 29360 20125 

50 30411 3217 23290 13664 3219 25611 15880 25305 24248 20131 7112 2860 
10646 5156 1470 1142 7481 27379 21217 6230 16593 24413 20460 13800 
16362 8125 29539 20075 11470 1373 26316 5280 7442 9227 24646 18094 

7327 7675 20848 17411 10319 5924 24410 6609 3336 26729 13018 1166 
30256 14697 2319 12709 15730 1236 20681 10163 8239 19379 2773 13935 

55 9389 23802 17412 25072 16369 18560 16294 18464 29689 24938 5940 29678 
23107 19130 20049 9432 5741 3798 22108 7143 5470 18614 26706 20439 
19245 18180 22739 29232 17824 7846 24483 6980 19439 28063 28034 28517 
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25763 20531 15282 7841 21094 8144 23215 26615 21259 26797 24388 18397 
27274 2891 17860 21646 29940 13321 1420 9912 19499 21628 3982 29311 

7967 16916 7737 29790 1567 25570 914 5088 16568 8596 6487 4080 
17527 3796 28784 3642 28118 11444 3001 19749 15976 20597 22491 23919 

5 18063 1508 15331 27385 17740 20542 13927 23800 29486 7823 7753 11283 
24645 19328 16305 3555 7085 4166 1076 9070 13431 15843 29128 22802 
16427 27445 7383 15299 10655 29283 13136 6028 12296 11261 17252 8509 

7087 29978 13414 26066 14846 9161 1622 29281 29277 28982 28106 1945 
1948 3473 19244 22787 14026 7390 9284 1214 14000 26960 8568 8408 

10 26923 25805 7557 17660 28819 27080 1854 2004 20328 27090 21887 8492 
18262 16472 13196 19626 10568 1737 14022 24551 29274 5794 12100 22587 
16387 29535 4332 

313:17074 1813 10959 10605 26425 20445 24487 8017 11177 23024 17377 4412 
23829 27906 18440 12984 1103 9112 10098 7912 16569 6731 17991 27109 

15 15513 5123 29463 18502 23546 11144 7740 15720 23531 20633 5177 20273 
19174 17072 25856 6431 1557 7243 920 29189 5927 25074 3307 25569 
23447 12872 29015 25605 20235 18344 30237 16693 10540 9369 8759 6007 
24894 17856 3903 18196 7365 15998 3435 27303 23365 26510 12980 21579 

5242 14691 24298 12247 26140 997 12410 12430 14455 7492 17897 14804 
20 2209 19943 4307 28095 17187 24900 18475 16286 17385 22117 27898 8793 

15872 15906 26796 29242 3511 28909 14450 15500 28317 10601 28448 24999 
6679 2359 26313 18751 16086 24401 23719 26186 28878 24526 15225 16776 

22806 5296 22030 19695 27517 28414 17210 6379 30048 7999 3409 15362 
18419 24104 1477 2672 9815 13717 30388 28256 19937 8726 5739 3316 

25 23630 10191 14456 28568 17977 6904 11818 9584 13160 28158 8682 2436 
25490 10991 12785 

314: 9654 9673 21777 15580 11528 13502 11533 23861 24407 28881 9929 15909 
2026 2024 7638 7707 18981 4927 13475 6598 27339 12683 27159 8136 

11205 14840 17413 8976 21085 5071 2448 10342 18420 21118 28447 1024 
30 3282. 9796 8951 7939 21197 22681 27449 24935 6736 18000 11318 880 

17374 13543 10709 4698 5976 1821 30380 4667 8746 1571 1995 19769 
9883 27269 14225 28504 20918 24317 18252 28199 29834 21756 6606 12161 

16555 27422 20200 16342 10305 17133 15606 7528 12805 18973 5126 23875 
7430 19393 20409 26205 14250 20631 18778 5604 18595 7297 16963 15136 

35 15135 19183 12794 27123 20160 27325 8420 18843 3853 8018 7422 10462 
30217 1449 15623 24442 29425 30351 28863 5115 4153 9250 4081 7562 
19629 4705 17899 21080 7799 23958 28418 11541 4323 24962 4441 5928 
19504 22840 23320 16031 10320 15441 12039 6174 25674 29249 4442 20579 
19864 6356 22935 25802 2113 10844 20659 1874 28045 20108 13080 11030 

40 26034 20373 5727 27347 24097 13266 28543 2125 1297 3298 21535 26376 
19745 20768 10468 29066 26645 29554 20649 11031 2131 2254 4730 22057 
16885 8070 10596 14924 21006 28643 27597 3628 10128 24115 24861 12868 

4090 22353 2006 4106 679 20010 24600 27798 19820 12528 19062 8510 
27025 25014 27688 8284 3995 9618 18099 16934 4933 1952 13825 2931 

45 5249 12748 8512 9718 17730 27686 26250 14669 18570 17231 13642 19946 
9136 11816 2140 13857 11842 29791 8461 22782 8554 19208 18717 20751 

29893 13799 26993 622 8452 7662 27919 12893 7851 6094 8543 3579 
29612 8818 29889 5042 9234 3565 13553 30290 22431 4025 18277 10401 
23490 30353 26497 19487 18167 26040 16434 29150 12068 11858 9622 5826 

50 12216 14178 7205 5038 20245 30228 20272 6346 25653 21664 4904 10032 
29906 11628 7563 13947 16316 3321 26579 11534 

315: 3118 4379 29540 2230 27094 3912 25003 2178 21097 303 11912 6746 
5259 23092 8636 22040 13730 19057 8657 837 6085 7368 22651 23492 

29662 25823 22109 673 5141 29560 23755 2734 22886 23408 13219 
55 316: 6564 7427 6336 20668 22550 26457 13359 16779 26477 19000 11179 17036 

3121 30118 27987 15803 14623 27522 26779 9522 5758 29784 11115 24890 
9393 
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317:22698 12832 6510 17834 3265 3266 15773 10250 2204 30051 2238 8405 
5904 17661 6167 4285 19376 6130 26175 5869 28747 5449 6624 7814 

25438 21333 12669 24544 2355 16895 23343 16933 2968 9669 14563 7311 
28933 17404 27009 12245 2219 21729 27869 23389 12413 20658 9323 7193 

5 16576 8475 24849 10509 
318:18449 21998 22263 19277 5755 4138 9752 21886 17107 20954 21871 21867 

21863 21857 21855 21829 21827 21820 21795 21793 21792 21789 21785 21772 
21771 21766 21765 21761 20959 20950 20946 20941 20919 20917 20914 20910 
20905 20881 20877 20873 20868 20867 20831 20827 20825 20821 20820 20790 

10 20787 20782 21824 21818 20785 21897 20637 20745 19572 20780 20608 19762 
19717 19575 19571 20743 20710 20709 20708 20705 20679 20676 20674 20669 
20641 20638 20636 20635 20605 20603 20600 20598 19756 19752 19721 19715 
19712 19710 19694 19693 19691 19689 19687 19660 19657 19655 19654 19620 
19616 19612 19609 19604 19567 19516 20741 20740 20667 19656 19759 20712 

15 19753 19570 20746 19523 13571 25848 3793 18302 24610 22379 6469 17349 
24271 7720 21370 6978 1196 24814 10106 5217 7616 24409 4076 6384 

7983 24152 23262 24732 19225 13648 20811 1040 24592 9450 22410 19949 
10476 13355 16531 19147 5456 11070 1883 20473 18871 4920 23294 23753 

3891 14199 30174 26494 26403 26512 26413 12319 17214 27157 23022 13188 
20 24085 18599 29112 4486 21763 11104 16652 7995 11615 6242 4565 29478 

6514 751 29501 16056 18737 12351 23018 18292 4444 4445 3521 4448 
17267 4418 11430 11427 8643 15491 13686 6088 25417 24759 11563 24750 
24718 24753 13852 30117 15661 26934 28121 10590 26942 1316 1320 20034 
15779 15535 30070 14860 28134 1625 2698 23360 24636 11118 11119 10752 

25 22693 18670 22670 22700 22307 18243 29362 22720 11958 24449 1566 12619 
10543 5772 22625 24323 5775 22034 6513 14730 2754 30114 17842 26470 
10704 17770 30003 2442 8480 22913 19311 759 26087 11626 13701 13695 

1133 24587 23737 28983 3745 12333 6905 22007 12137 23735 29010 29002 
13707 22819 14237 4567 29009 12336 24589 22912 2145 29901 15075 14268 

30 22966 29012 12338 27965 27967 16836 23001 6894 24717 14175 6896 18284 
3719 3597 1208 28387 19098 18135 11462 11147 13685 11605 28136 27271 

12387 6927 10747 29654 5321 26112 16485 
319:26025 18678 23145 13256 2599 3183 13467 25819 16238 13308 6705 1683 

15932 20103 30009 21685 3348 10360 26570 15434 748 26368 14375 13242 
35 23151 7201 17322 1161 6545 9836 10114 3229 25937 8839 7235 949 

17714 739 5568 6916 2999 13445 18676 902 26933 4874 25186 19390 
27280 18674 10718 23528 29206 8357 28616 12136 21610 22770 7991 29517 

2812 7767 16949 2443 23899 30090 5231 23613 24635 17792 2197 
321: 5713 5731 7666 23694 22911 18150 26649 2034 10177 30006 8001 4692 

40 29033 14395 29544 19248 15443 10544 24797 10873 7935 29003 15255 4236 
3050 19552 16592 11607 21180 26293 619 16587 5988 9434 13332 14583 

23776 
322:28075 20429 25267 20452 5815 20569 12740 24463 12571 21240 28866 16145 

7644 10890 4953 14249 1859 26961 28687 16646 13103 19372 1075 11012 
45 28763 13279 16909 18634 14200 14252 15965 3957 14353 22537 27917 13290 

24094 3042 24671 16559 8844 17230 26537 11160 4101 19149 14848 16476 
19844 21324 25887 5879 25536 7634 22302 3583 5654 13582 8655 16714 
18408 25134 25133 2085 9245 2169 25665 7734 7755 7733 7758 1434 

1433 29679 
50 323:26396 29158 4822 18244 12967 17134 11009 16725 8007 2954 8852 27845 

2629 18814 10620 2865 8453 2299 15558 6294 2856 10541 15612 23099 
28255 23798 22907 19283 14119 20596 6506 2591 2566 19934 27102 12576 
19816 15649 20313 

324: 4695 7074 23887 24207 15227 11280 12210 8914 8949 17044 27663 17180 
55 23934 23176 23961 23927 27394 27343 28223 12241 26039 25285 25527 6322 

8016 9270 29224 24488 28695 29408 14433 24132 8404 3641 14676 22027 
4437 2493 7857 29733 5336 25833 17806 10942 20040 8399 946 10186 
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25139 16681 11108 8605 28765 30462 30451 10230 11253 29561 11973 9044 
23566 6539 28864 8447 29005 24017 21967 4180 22319 4209 10735 18450 
12851 26694 23680 19205 7685 11739 11644 19428 24159 19804 3474 25828 

5463 5645 3079 6583 4887 21096 3694 11173 23896 23179 23966 23964 
5 7714 21631 23889 23182 23185 23183 23935 17359 25599 5662 15746 2535 

14447 11777 20276 10765 26312 12608 6708 5902 20403 9884 10697 22878 
7423 20522 19966 5193 10888 3855 20278 5961 2105 21958 11736 15766 

15662 9897 25980 20518 17889 9174 18487 7192 21168 18308 22258 5063 
19649 5527 10969 10930 10821 21447 16001 11131 24448 20463 6646 5955 

10 25911 10041 6833 12380 23924 4084 18274 6410 8977 11799 16364 19324 
27752 9060 5578 5505 9725 2564 20300 8874 5198 23929 8495 17165 
21496 

325: 8611 9653 26340 19789 12546 28386 8352 23722 17235 25214 4644 11567 
17882 18815 735 8786 21982 29719 19123 15025 1540 22947 4036 7410 

15 24039 22052 2033 25780 20845 21131 691 9520 9519 9596 15571 10045 
17616 3844 20503 6259 6256 10247 1982 23494 23476 20841 17362 28976 

7855 24763 28796 26709 28664 16116 16110 16108 16105 16150 20118 11117 
15068 10850 16042 15543 22735 3988 25929 8584 

326: 5173 5172 5168 5169 27559 25561 19375 19137 18295 18861 19386 2279 
20 17868 23434 16705 19125 27453 8946 13210 24880 24875 18157 18159 15947 

14260 14257 14254 15950 15944 10855 11632 28068 19547 1934 24077 830 
25657 25654 14069 17785 23074 6277 6628 6651 25105 26050 29300 12395 

8739 18551 6717 11421 11419 13511 20310 29056 16028 21964 7335 26976 
8151 4386 27197 12982 20558 14902 

25 327: 6523 2683 29664 3149 14631 26698 13673 25648 9595 7270 4370 4300 
5542 5514 12826 22624 12508 27027 27382 28234 28229 28231 19433 26539 
3935 20377 28506 21950 18357 27665 18383 28986 

328:19276 1841 14664 18388 5957 14824 14760 7167 1035 18155 11169 16259 
26096 13766 7607 22092 22095 29366 9481 17141 22928 7514 22125 21071 

30 23933 7949 9348 21774 
329: 6168 16169 9899 16853 16513 7735 21101 28633 22355 25004 21037 27223 

2177 17270 22039 8241 21036 18249 14094 15487 24629 13783 23668 30074 
25464 8907 14778 4638 29988 23768 20567 

330: 7943 16938 1020 19490 10414 28426 23340 13212 5437 23076 27780 9605 
35 2775 15369 5333 6213 5358 6217 17628 17625 18439 16130 16132 6753 

5251 21776 6751 2354 25879 23170 3391 22896 17441 24539 26184 17715 
15866 16050 4846 11166 8132 24293 8769 25206 28037 

331:24465 21401 11218 19349 9644 15930 1235 8351 23088 10788 5765 5761 
5738 26337 7764 5228 23488 11190 11189 29202 12910 7661 27041 5745 

40 14084 14115 29789 28902 28922 27512 9542 7402 10727 6303 29079 716 
8930 24123 23841 1025 2086 2205 9419 7665 17363 11564 30184 30212 

19808 370 27115 23497 
332: 9181 25440 11322 10394 23194 10121 4183 13824 7065 8038 24714 10120 

11384 7161 23913 10483 2137 29194 28776 2787 24809 21173 6535 3144 
45 4366 9814 28454 25455 15353 2377 1885 27695 21552 9640 18639 27572 

20691 1325 13958 18343 26799 29048 2200 20277 
333:26921 7592 26493 11706 14645 6556 17968 10624 17587 25908 2924 17103 

13861 10511 27191 24114 5142 29172 28080 11050 10690 1510 4359 21319 
6781 8848 15538 19869 14896 29647 5668 19736 10237 20371 16072 24961 

50 24791 19941 12201 8982 17218 10782 10597 6729 11210 14810 18962 23027 
10203 13462 14488 9807 4423 12684 8425 8870 3915 21985 16768 8704 

1565 23789 23820 7418 9151 17139 10241 16395 28549 14696 26260 1956 
1703 9974 14018 11287 4189 8195 14013 13078 6214 7142 19515 15065 

19121 25225 16111 21188 22049 14688 8348 23070 7954 27039 22516 29328 
55 27544 4425 29377 21474 16358 19897 29844 22622 10011 25784 5095 29886 

10887 21494 1699 17405 6742 5555 7654 6372 20556 11433 18121 711 
28322 5144 26167 22414 16549 16597 15798 17840 25393 26386 13330 18534 
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8148 28509 25713 12258 16300 6266 13692 9914 17936 11424 2357 1495 
24304 21624 17464 20510 27781 27048 20786 14629 25414 4338 23895 14753 
18215 6269 5292 20280 16964 15394 12038 24873 17753 29686 6533 2426 

1488 9811 15994 28936 8206 13312 20408 22408 29102 26302 1554 20563 
5 2819 22268 7694 26930 2121 28099 11690 1787 19364 26629 15073 5495 

4250 3598 15984 6688 6941 27400 25610 20744 21572 5473 26332 11258 
25472 20128 27341 8319 778 9788 13491 8473 9785 13060 2305 4534 
11432 7240 19025 6134 13537 23825 22183 13347 21546 2263 27192 14999 
11669 16530 10070 3837 26130 15679 11385 3071 7367 19028 15996 24811 

10 25231 18760 23302 2797 1180 30019 17130 18486 10099 4640 12422 2256 
28757 11972 10587 6380 15768 2288 28253 5920 24383 26272 6630 30366 
28281 2446 20384 8724 627 4476 29103 971 8313 3464 11450 30022 

8792 10444 3352 16722 6442 16727 30340 27469 22973 3264 26011 29776 
17287 15743 18432 17880 26952 13961 25018 18340 19202 15274 5435 21995 

15 15160 4212 943 29709 23128 8036 17273 18379 30305 28533 6803 3533 
26885 23893 6928 28065 24832 21918 2499 23892 18660 6839 28562 12495 
25452 23372 951 8972 22734 12787 20346 28751 14496 6087 8910 8697 
11602 18658 28451 26909 4399 6778 28644 7020 24981 22402 17087 29329 
23420 28028 26733 8106 21509 19461 15474 16610 10594 29838 23279 23544 

20 16578 19700 28770 27715 26058 23037 15867 30376 22462 18967 29967 27622 
2882 11130 28361 5759 15942 18029 24677 19079 21622 29035 17723 25854 
3944 6911 1013 1285 3866 15522 21141 9022 21237 8516 25349 10774 

23023 28634 29555 4833 25567 30236 21630 680 9494 15257 10339 5379 
30394 2868 5681 30347 2708 10852 12986 15666 14674 6885 18610 11485 

25 20890 22892 11785 5290 25687 14615 13909 17379 22873 22179 29449 5512 
11968 8969 21497 22024 13845 29869 28636 18910 1183 17646 24431 22296 
16313 4458 27105 5773 11788 26122 16133 29980 17375 28439 27195 23332 
11211 11001 15279 27997 27141 20862 27769 2151 20194 4217 24493 25932 
13065 14864 7786 7203 14865 7369 11416 1823 28111 17268 19952 20225 

30 11929 28655 23398 10698 16723 21172 14799 29547 2688 5893 25328 24057 
13650 29820 21343 812 1264 1169 23732 14946 10923 7611 13311 8602 
10777 20238 23184 29626 23392 7238 29288 3263 21728 18312 12521 7257 
26520 5819 2658 23965 18360 14324 15376 11178 9599 13503 22746 17189 
26221 2958 11993 15128 16521 22064 17401 

35 334:17584 24839 25351 25790 5253 27882 27330 1284 24348 7347 21775 6413 
3799 16219 22068 15991 22211 25843 19950 28434 29905 17960 29644 26172 
9257 3803 12421 1767 27864 19783 18725 23501 21744 1328 25808 

335: 1205 1202 8703 21335 24048 24042 18376 12899 18378 20455 6551 19940 
19978 19981 12825 2128 18413 18415 16198 3185 15855 2967 2960 2966 

40 4462 28501 25905 11227 28186 984 986 13539 20789 20758 25229 24103 
19988 25087 21788 19912 21275 19982 19909 24881 18852 12055 16381 12191 

3089 27641 10110 28531 23127 14065 24960 8966 11153 12488 28405 19321 
21051 17845 1936 23577 27609 28429 27692 27667 28424 28432 27698 27637 
19872 18303 18438 18412 11878 10396 18013 9203 29169 12043 6503 1965 

45 22532 14756 2898 29469 15871 4778 25660 29924 3826 16729 20884 2141 
19907 14255 22922 2063 26239 19936 19119 21272 19915 19985 19916 18368 
18306 18331 18333 18338 17515 18481 24335 19056 8109 10257 21481 

336:27850 28787 28026 26562 17207 29605 25076 7242 9198 9200 424 17118 
13373 22737 1153 

50 337: 3810 8611 17523 26405 19789 12546 11748 24669 1234 10024 16888 15528 
17235 25214 4644 8485 29178 11567 18815 24974 12957 27030 735 8786 
23475 21423 14874 21982 4004 29719 6724 10758 15025 5033 1540 15117 
16450 9585 7687 22955 18744 16796 2152 2153 4039 25006 25631 4196 

5802 2614 2033 1607 18080 29921 28076 18341 13401 8330 23494 20841 
55 17362 1450 22986 28262 11117 11357 20471 9486 15543 9266 8762 24787 

23218 29190 12248 26945 29898 8006 648 27416 27859 
338: 1532 17999 20660 20852 2298 11954 13776 7351 9240 11237 1902 864 
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7458 11352 5771 28801 14059 8736 8763 25084 15687 2005 5926 12347 
7054 29550 23007 7315 24549 14285 16812 10419 11288 14847 13984 3285 
6329 18622 1233 16886 3999 18800 7680 6033 17549 8031 8417 15471 

21865 7551 5627 8229 7599 16228 23056 23341 1224 26016 2100 24000 
5 7902 3115 9357 6047 8165 11186 14852 20690 19002 14878 14193 2130 

24486 24658 29371 16354 13148 13299 4197 23441 8614 29835 6385 8661 
11329 2232 30390 13377 4586 30292 26684 4155 3368 27633 9221 25619 
29523 9722 8015 11400 20624 17918 27236 25542 29054 8443 8830 20507 
20511 9288 7810 12224 23122 25274 11300 16731· 18057 1353 28241 19257 

10 21965 24765 21694 1125 7717 6791 22020 1148 14224 22733 24951 21649 
6241 9518 13158 14875 24858 5084 22366 7028 12202 24920 17082 9127 

11254 30391 20015 26069 24302 29448 25745 5980 26014 26315 14699 2622 
18394 11319 6101 27921 13860 3498 1678 3084 17471 29396 3095 14274 
17931 22106 23225 9855 11936 13479 19400 7777 12383 17970 3162 4433 

15 22192 8713 12616 17948 28288 24165 15515 18838 21889 7556 23834 7107 
11092 1129 17601 9007 9789 12689 14835 3141 25715 2855 29595 29933 
15120 26443 11783 11324 11522 12743 25470 16063 15036 3347 19495 16854 
18899 24201 12320 22765 6488 5574 26350 7078 26001 13400 2218 14264 

7682 30017 9445 12342 12203 4006 29826 29693 30395 10395 4382 27177 
20 23868 12291 4450 15691 12714 17241 23071 18444 14129 22357 15241 17237 

19249 15343 29028 21072 6097 23904 4970 1907 6635 4853 21640 5489 
1954 17033 8213 22620 10867 7407 25023 12557 15733 27841 29063 8359 

11768 8523 10794 7199 27601 11344 15698 15562 18313 25350 7109 15847 
16754 24819 8270 29851 17635 5781 25211 4572 602 5629 26726 21733 

25 27410 25749 17944 20520 24876 14501 10115 10755 7998 19299 16232 13097 
16748 8979 7952 14568 24480 29273 5197 26225 27768 12870 18503 28013 
26560 12219 11508 13068 25354 6146 7354 3044 8777 6995 8302 9965 
17333 14357 15939 19984 18700 16989 17416 22345 4461 25893 10943 30285 

2135 1165 5209 10901 15915 11482 10546 10549 28528 3250 24130 6957 
30 11591 11622 26697 25532 8580 9770 12812 22831 19560 17766 11391 21678 

20871 8932 10629 12754 18823 19085 29701 3430 1588 1283 7080 7660 
11436 13176 6315 18768 28840 1822 23115 16121 20995 4376 16306 4524 

6782 15389 14317 15764 15155 5082 21232 16190 18907 12297 14962 13933 
2791 13699 25215 20587 14328 4661 16129 25195 25196 23200 8201 22384 

35 7619 11403 9694 12362 18675 19398 5522 29356 5552 2465 8000 872 
26812 21277 22087 20308 28842 19047 14693 636 13442 27334 24007 23210 
25337 11334 29623 15011 8539 12304 29752 12121 28087 12117 8338 29567 

1465 12886 28608 1938 22510 964 22511 23166 30028 26098 26125 11479 
27876 734 7265 17623 17621 10566 11401 13938 9224 6160 8933 8766 

40 16366 26385 1888 10126 15926 4281 9004 15702 7480 20553 1549 4910 
19455 4245 6617 8566 27120 8429 29942 8400 28926 17282 3874 4898 

339:26090 24906 7328 13640 3987 14369 14201 29751 23972 19048 19124 19518 
16929 12836 10980 5385 12514 14006 11639 9621 29755 9131 13564 783 

45 18177 14122 16367 18197 16067 10484 27976 27790 10726 28360 7845 26641 
12573 11417 1937 8810 11764 27199 26491 7149 27631 850 24218 22409 
30220 23301 604 12792 28356 12273 24682 21304 19627 21743 5612 19043 

5266 6456 8388 22771 8450 17154 17655 21229 17981 24666 29419 13898 
2927 968 25866 11437 11556 29559 28036 22558 28576 18030 20487 13123 

50 6229 21755 4019 14826 8138 13751 26764 8521 15037 12464 15103 18931 
1990 16594 2573 20483 23359 14747 4684 21853 9108 9107 22021 22025 

24031 21991 26569 29011 3328 15130 15099 21719 26251 13720 2076 26107 
29685 2456 2459 2455 27370 27372 13269 13267 451 450 9730 9757 

7464 2859 18689 21426 14657 11572 11571 20099 21999 21996 14338 14342 
55 14140 14363 14341 5549 14372 14882 14890 14886 30442 10628 10627 13868 

14633 10603 18761 17083 26475 9727 16866 26608 8550 21992 24316 24297 
2970 22223 16540 16890 3910 16235 4535 4961 11545 28378 28077 2309 

- 56 -

Case No.: IPR2023-00322 
U.S. Patent No. 10,273,492



 
Motif Exhibit 1039, Page 757 of 1288

WO 2009/009142 PCT/US2008/008557 

14104 27167 10780 13561 10432 24018 30465 23865 12964 12659 15841 19746 
26552 28337 28331 28342 28339 

340:21770 28720 10863 27545 9178 26787 6519 23297 20095 29341 9143 13894 
10082 4256 17653 20883 24135 13621 21762 6232 3608 11358 11361 1942 

5 28197 10439 21415 1254 24609 25586 30150 14516 8798 19201 14538 15248 
5015 12220 11853 23977 6054 29227 6328 18661 3429 10058 10062 22266 
1003 7877 1102 7303 26430 26433 5031 6486 24905 22466 20061 18161 

23748 28575 13516 13519 1247 7513 23296 25872 28950 20096 12419 25604 
10881 10835 12150 3049 28826 1057 11975 11976 12001 14156 28285 22231 

IO 2118 3482 7434 29857 28541 16535 22078 
341:26090 24906 7328 16079 13640 1998 3987 14369 10118 24547 10168 19534 

14201 29751 23972 19048 19124 19518 16929 12836 10980 5385 12514 8603 
21615 14006 9621 29755 3278 9131 13564 783 18177 14122 16367 18197 
10484 27976 27790 10726 28360 7845 8361 7214 3978 10445 26641 12573 

15 11417 1937 8810 18305 17353 26604 11764 14422 27199 13341 7149 27631 
850 24218 22409 8455 30360 3313 24294 14091 12152 23301 604 28356 

12273 17439 23202 5642 24682 21304 19627 21743 5612 2420 8426 27392 
19043 29067 5266 8170 5679 6456 10383 22771 8450 17154 17655 21229 
10695 22850 20714 3703 17981 27996 24666 29419 13898 25251 2927 968 

20 25866 11823 11437 11556 29559 28036 22558 28576 18030 644 20487 13123 
6229 21755 4019 11073 14826 8138 4868 5476 13751 26764 24215 21989 
8521 23457 15037 29764 12464 17472 1453 3416 1990 16594 2573 20483 

22565 23359 4684 14747 21853 9107 9108 22028 22025 22021 24031 21991 
26569 29011 5830 3328 15099 15130 21719 26251 13720 2076 22740 19986 

25 24231 21220 18601 26295 4537 15313 1807 11247 9328 2456 2455 2459 
27366 27372 27370 13267 13269 451 450 9730 9757 9762 588 27732 
10917 1804 21426 14657 11572 11571 15508 10874 22276 21996 21999 14338 
14342 14140 14363 14341 15131 6669 14372 14890 14882 14886 14908 30442 
13868 14633 10627 10628 10603 9996 18761 17083 26475 9727 16415 22604 

30 16765 21893 21349 21992 24297 24316 13140 2970 22223 16540 763 16890 
3910 16235 11545 28378 28077 2792 23797 2309 14104 7723 27167 10108 

12589 10780 13561 10432 24018 30465 23865 12964 15841 26552 3311 
342:18131 3643 22334 10822 30209 15630 21810 27026 11320 29856 23622 29187 

27221 8547 14689 5603 
35 343: 4916 6512 345 2099 26590 29097 7276 21156 11819 9423 11182 10242 

5366 29351 25711 2772 18527 8710 4915 11402 11843 12538 3981 12632 
13769 9753 20717 23105 611 27849 16602 13617 4590 11101 15611 26384 
29416 21142 17846 14279 9447 15785 3589 10641 3749 6668 18679 29123 
29078 

40 344:18538 5825 13713 17120 16141 18556 24151 1677 23605 29721 20155 17125 
5796 25356 18349 741 21058 23633 21577 28180 28596 24025 25564 5408 

12806 15740 13408 27067 4436 19652 26285 27529 7639 5954 
345: 11988 10714 23912 14861 5911 2052 5344 27421 5258 13297 7301 14114 

4493 8572 11229 16497 6319 15022 2066 13925 11919 9928 7922 794 
45 17978 6386 8649 4916 6512 11182 10242 29351 29078 343 7164 17921 

7227 9612 21317 11922 26878 2772 18527 8710 7789 4915 11402 11843 
13769 12538 3981 12632 20717 9753 23105 13617 11101 4590 29416 26384 
15611 17846 14279 21142 9447 15785 10641 6668 11800 25436 11027 7276 
11819 26590 

50 346: 7938 7964 7962 19565 11649 1841 24052 25942 28102 21218 21222 21226 
25813 8989 13495 2802 17982 11467 19113 4583 3706 3705 5387 4585 

5393 5465 5445 5501 5472 5471 5448 5444 5469 14414 5998 20172 
13331 27590 7516 10486 24909 14569 18186 27256 29588 7905 7870 9487 

7775 5987 8194 2774 20986 6870 3660 11002 22398 15468 
55 347: 7938 7964 7962 19565 11649 1841 24052 25942 28102 21218 21222 21226 

25813 8989 13495 2802 17982 11467 19113 4583 3706 3705 5387 4585 
5393 5465 5445 5501 5472 5471 5448 5444 5469 14414 5998 20172 
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13331 27590 7516 10486 24909 14569 18186 27256 29588 7905 7870 9487 
7775 5987 8194 2774 20986 3779 6870 3660 11002 22398 15468 

348:29418 22857 9311 17119 2104 25847 13088 3752 23347 15078 5810 13222 
3310 

5 349: 614 724 3578 22853 3894 14408 17617 16005 5028 4994 6144 18942 
1739 19146 19006 21205 19955 18334 18336 688 8318 8309 8009 18573 

12586 2590 2565 2467 10589 12733 15544 27685 16097 11960 8314 8418 
30026 13264 25960 20279 28604 9168 9102 4334 18164 22788 19095 19662 
19042 19049 24125 27121 19723 2837 

10 350:25920 24644 1529 23814 24344 15084 14227 18006 14646 23448 24200 9536 
18059 16068 8120 12166 1157 9942 23891 19467 18975 17571 13916 17062 
13954 30032 30072 21873 22881 22429 22033 14744 17913 8446 21245 13213 
11202 2023 21284 6453 13606 28247 18363 16827 7499 10306 2885 7034 
15748 18795 7135 2826 14349 26534 10017 9581 18077 16809 20911 1848 

15 1845 959 4109 6111 11844 17914 14967 21673 22031 7359 28409 10418 
22205 27228 15974 5704 793 8850 1706 29890 23956 11944 17184 1355 
27378 12341 6759 28306 28653 18936 29307 17520 27607 5304 17259 26939 
26965 29799 2845 2062 2070 15520 12492 15827 1192 30408 1139 15665 
19538 9816 13901 7716 19422 15897 12124 21262 15110 25363 7683 28049 

20 27480 18637 24637 26219 19136 7204 22563 15505 24643 5121 4350 4408 
3906 23597 8160 8131 2297 2304 25927 7095 17066 29209 25772 29350 

29562 5066 3637 28920 3057 6612 7770 20393 27662 28290 24705 16499 
19142 30186 3253 4552 27648 23462 16478 16787 28442 22697 23321 3065 
10292 26395 22899 19141 6948 12559 19278 5533 27315 9016 7324 4683 

25 6113 15854 18924 20234 22655 26469 17177 14622 22318 755 7895 5074 
7569 19265 1098 2571 12840 10817 25634 3112 3358 28513 21346 21320 

29139 22925 18545 11825 12196 7530 24976 17397 10164 15770 30252 5196 
23259 1359 25426 3667 26115 19548 8687 6627 26061 21214 4028 3534 

1345 23886 6923 11242 23901 4165 17152 9868 14083 20806 18263 25213 
30 28694 21031 27059 24261 20030 13360 10494 22152 7226 27863 16168 17204 

3394 26821 9744 19873 18837 941 28538 3543 9582 30164 22864 24540 
15680 14586 22420 25280 29030 21767 23702 28314 12167 20702 16527 10572 

4802 27738 3757 15681 19454 22509 25425 27457 2671 4541 2977 6184 
27539 21872 28762 22278 19735 29493 29520 893 25366 16876 6305 25875 

35 8993 28377 2624 2609 4566 21103 21943 17451 1319 29185 21139 28390 
28171 6402 9696 14677 27369 26819 27805 22984 14700 11887 8472 14831 
26049 7746 20854 7394 3365 3485 27032 3326 26432 23857 9779 26282 
30359 22798 10974 10979 18841 11792 4797 2799 30300 5683 21944 30343 
23272 23277 10554 22580 11539 11511 9920 2608 9023 14336 22381 14360 

40 28647 10025 28641 28668 2851 7776 22358 20703 18665 697 26328 10907 
5004 27589 25190 29584 24187 12314 3043 6989 14709 14830 14402 14008 
4431 13366 16410 10783 22185 2470 25841 8458 24608 27170 30062 18922 

21399 827 2011 5154 14132 11928 12070 30309 3467 30274 5877 25132 
17987 7023 6872 2268 19346 10853 24176 19904 22368 19309 27844 25995 

45 10199 13501 30377 10737 11418 8376 10584 8674 2911 12275 9547 21566 
22643 9313 3260 13786 3783 26800 4169 21924 12461 11937 6408 19340 
26860 9768 12050 14552 11573 3100 22475 2668 29923 19381 

351:27554 18984 16422 1088 21669 8135 26926 13594 10710 26801 21191 25806 
19067 13318 26155 21968 14870 30140 13350 29241 8402 15374 8222 6863 

50 4123 22839 6073 18370 28847 26587 25126 16326 26809 14380 29148 26255 
23674 10803 28685 13691 17933 7223 25533 8619 22779 7749 11265 21339 
22750 5454 17264 15289 1974 12428 29460 2817 29727 25125 1463 26610 
11994 23682 25519 24067 14043 664 4760 13668 15516 4680 9993 5301 

8221 863 25180 10815 13635 18926 10248 27340 26253 17205 5052 24731 
55 3006 22102 24591 10529 11102 29117 17395 26634 21754 6987 6542 9467 

9217 22531 19097 14241 13334 18834 16236 25886 24311 1160 22903 27329 
26308 10311 8833 21593 25617 17687 24914 4346 23671 21206 1309 20939 

- 58 -

Case No.: IPR2023-00322 
U.S. Patent No. 10,273,492



 
Motif Exhibit 1039, Page 759 of 1288

WO 2009/009142 PCT/US2008/008557 

12229 1669 27028 11980 12133 6357 9205 9991 1562 16106 28483 8149 
2711 3792 19632 26474 7977 20623 7684 13424 19673 19421 18576 22127 

29532 5384 8604 11038 24779 704 27058 22603 26792 11899 21119 22498 
14504 20023 7267 24872 21452 24455 3454 9355 24853 2569 4671 1000 

5 13281 1626 12768 18743 5214 2570 27862 15145 1812 28364 30374 27113 
26507 709 20394 3836 11121 7396 3423 3421 795 12040 28488 29630 

3405 2732 25092 14244 22841 629 30123 9528 23288 17596 8300 24721 
26374 24739 2497 3304 30420 14660 13548 24948 20419 29868 6943 20416 
22894 22859 27337 14992 14571 23208 25793 2678 6112 7622 13744 13286 

10 25052 26379 7041 3766 17142 18468 3360 11148 27763 9737 3538 22901 
21811 26786 1972 19313 21553 30449 8816 27617 5788 7097 20050 14214 

4551 9042 7331 9689 17354 24391 29154 16347 22964 7835 6178 13509 
28079 

352:13149 13153 13126 30250 1216 10749 2895 19399 17847 24949 15664 6429 
15 12123 15763 12183 17890 20990 5779 1793 9916 29404 16096 7457 17135 

20086 19385 6032 19796 1721 18771 4608 1976 22526 4362 10279 29199 
1925 29177 6255 18462 7822 27052 9938 23807 18227 15448 29130 8747 

353: 2103 25480 1928 18714 20436 28906 29484 3073 13735 7476 27824 19963 
20 3221 23291 5213 17979 16388 29603 10312 18230 8127 3934 18173 7813 

9068 15259 5109 26784 12473 24998 2334 4049 
354: 5363 22299 22301 18169 7872 29363 11251 27268 21532 6371 13796 15408 

27858 1452 12799 20799 26602 10254 27046 18892 27064 15196 836 29137 
2170 20807 16073 6012 4356 2303 2301 2144 7982 7959 3510 3537 

25 3540 16997 11960 20516 1023 21047 18627 13264 25960 20817 19883 9992 
13216 21440 18164 22230 2196 10569 

355: 8451 16682 1584 27346 18635 8003 19163 12457 7316 6045 6044 17900 
22128 8570 23399 30100 25277 12720 6355 26292 16567 1079 8261 25412 

9771 29428 23374 22050 2217 1444 29813 17572 13343 28131 29052 27403 
30 23936 20663 16582 7543 29769 19223 789 13517 26690 13362 4302 3466 

5327 12303 6407 5508 16712 15042 2939 14381 14524 9050 20655 21318 
4880 23357 21527 11747 3488 9924 4579 769 7405 25601 19728 28790 
8577 8448 2136 3087 2120 26757 24202 8662 13752 13506 28251 15837 

24079 6461 17052 30227 1404 13525 13831 26920 26744 26741 12815 7548 
35 25652 20404 13389 29841 13200 13244 

356:21248 17257 15761 6077 10470 21419 28104 30402 17958 18501 29763 26183 
17591 24404 

357: 3118 4379 29540 25003 3912 2230 27094 5259 6746 23092 21097 2178 
303 11912 22040 13730 19057 8657 6085 7368 837 22651 24494 29662 

40 25823 24934 6049 13521 17683 12327 11243 15290 5880 16826 27443 10119 
22886 23408 13219 

358: 9617 28607 25085 11495 9739 27311 12711 5185 9235 13544 13808 9009 
27602 8237 4455 11195 2458 15832 1788 21739 23423 17693 12584 20756 

756 22343 4327 1640 7725 7574 21227 13293 
45 359:28684 4984 832 5070 2944 20878 5124 1682 28846 11289 28431 1786 

12260 12483 6765 22494 24751 7648 6170 19016 15428 12071 3106 23678 
4676 2425 23478 15882 4252 25154 22484 16505 16511 6634 22008 16947 

17749 14952 11908 6956 6530 10997 12539 10459 10823 19254 29444 22729 
22727 22758 22327 1828 22257 29992 27891 22718 1945·2 19045 1825 1826 

50 15341 15298 15303 15262 15306 15271 15265 15268 15311 15309 15336 25966 
28410 14218 18529 22756 6300 11942 22731 18512 29862 27836 

360:28688 17211 26128 17387 23775 5365 26559 10961 18822 10503 22874 29796 
14123 7003 21340 11377 5264 4239 18505 2866 20538 21900 7647 9387 
18205 26100 7093 15997 12852 18902 8422 22844 30200 17155 5287 19410 

55 26763 20062 7400 6080 9861 16848 25160 18543 15870 18615 23353 19198 
16391 28108 9713 24307 17164 23894 6206 3507 1631 2286 28040 30068 
12264 13732 29215 24056 23390 30206 28355 29773 21662 28161 2281 26370 
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14301 23849 30240 12305 29871 15094 3700 10428 17841 9963 29073 16907 
16972 8905 3869 29354 27448 27478 9010 12163 7974 5888 7928 10870 
15645 17121 16716 25487 24456 2828 3557 14315 20357 14439 22800 18117 

1779 7914 1064 9183 20763 16844 4515 15386 9097 29839 13999 18441 
5 13092 18142 8838 9939 26169 20545 25488 10152 2093 15314 8718 21581 

2227 26903 20611 19297 20761 15531 9829 17574 5586 14373 10366 29285 
25386 30014 27087 22645 17679 18245 25448 3081 28033 24084 5192 6132 

9367 764 787 1636 1627 16919 15377 10883 10983 4309 5256 6796 
18974 30205 6832 24492 14656 14765 29798 3769 22805 5516 17371 17317 

10 11940 21083 29120 24185 1692 27644 11970 1802 23371 21941 17992 7532 
3424 29397 8878 22232 16936 13554 15122 2872 11041 27470 10993 20650 

27939 13950 11472 28305 6423 24864 23555 25522 24614 11793 3644 6286 
19468 27503 22255 25915 18081 650 12010 20661 27286 27001 29762 8647 

9237 10195 22777 9220 18437 18530 2266 12075 7366 28968 10244 14170 
15 21723 

361:20823 2065 3740 29754 27616 16665 3258 29600 23203 5289 8232 9063 
13002 29519 5947 19480 13551 12956 13622 16014 10672 2626 1050 19251 
29655 20406 9443 10553 29333 6383 1522 23646 16011 30464 18467 27376 
24258 15734 21223 811 1519 19496 26946 21837 5538 29836 26932 27468 

20 23870 27575 20557 2174 23926 9038 7620 20397 22248 22851 5602 22100 
6652 7388 7409 16957 23824 5434 5440 868 19270 20395 8343 1605 

18399 10105 2846 15337 19186 4373 28413 11503 27576 9876 24770 16314 
12067 29458 29558 26762 26758 28098 28094 4443 14685 2818 19017 10523 
26823 14859 700 9279 22665 7808 16000 965 23839 20428 19429 23065 

25 903 3801 19241 27786 6527 1164 1824 2840 22056 25554 9345 8675 
13300 24757 5814 10436 17186 8522 2572 22682 16438 25061 6301 14085 
18137 21354 26564 7491 24235 

362:25116 20229 16730 22738 8586 26303 20226 13995 15707 1726 11759 8532 
13981 13998 27885 26299 8534 28938 17481 11321 25163 21157 2971 16512 

30 3778 2602 19898 16631 6841 25316 27754 16884 5747 29427 23158 3708 
4679 10307 1145 1141 29694 6698 23809 15972 15251 29720 28672 2165 

11791 658 11787 25801 6900 8911 25947 3997 7019 6926 28841 24822 
29695 21328 10194 13178 29171 4182 1487 2710 16708 11397 2160 25082 
19944 12238 11755 28934 12376 1469 28249 19059 23089 22728 23922 23662 

35 23471 26428 1408 13990 26052 28932 13985 963 11250 13791 26321 29119 
8525 9308 12348 22463 

363:15667 15776 22048 25867 17058 9020 7889 10022 18296 18319 12699 12695 
12694 25226 12728 30056 6650 3103 14968 10608 18148 18528 18524 18552 
19492 19418 15886 3386 807 17060 6797 25166 7038 15150 11717 9681 

40 18850 18174 6173 · 6712 29925 5041 17786 1834 11518 30333 12530 17034 
25336 7174 3863 7544 14005 24497 4940 16038 17380 21409 30142 21841 
29278 26033 29682 21293 4840 28067 6183 27778 23352 17951 21724 14579 

9563 6096 30288 27610 27694 21571 10653 26224 28712 8784 8496 14222 
11163 6525 27216 7812 8898 6843 20097 29008 20982 19178 12819 22895 

45 28642 25585 16520 4262 24359 20068 14181 12388 20657 17858 2269 26.336 
26367 16777 25776 6318 8010 16987 5653 13632 12818 21521 17193 20965 

9383 18372 9808 14077 17063 7742 11557 1339 28816 15224 27290 3204 
8760 28905 28652 10278 4532 26722 11212 14889 21758 22755 14932 19394 

17448 29998 24340 27705 14497 25437 8285 26905 21137 9334 10649 6848 
50 14466 15626 19031 13549 21786 18681 14609 22115 21015 25885 18914 6131 

1455 5386 17446 26557 23061 1493 28497 28584 29041 24654 2156 5383 
18842 6373 19824 3455 26912 1490 21675 23514 26648 29447 28503 10441 
12732 16897 8507 9798 11583 30154 13257 10074 23974 11860 1799 26872 
23840 17313 16112 11678 11316 19613 7092 25376 25691 25616 25612 26421 

55 14665 9085 7134 8896 2989 2982 3018 2986 20461 9745 18327 19918 
5316 25580 23692 26322 2890 15963 27494 19237 4479 30042 3330 8748 

15124 8210 9098 29359 9092 9090 9094 1085 29959 10995 28851 26542 
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1616 5906 20434 18154 9408 23004 30122 17973 9119 9121 10525 7876 
17415 2025 29336 5914 24606 10971 28989 20207 8265 10446 17494 27213 

8943 29723 1853 21594 22689 24233 23030 18934 3418 5128 5127 27418 
15304 9543 19187 7190 5712 29111 13759 16651 25827 3856 25514 9252 

5 12225 17196 23786 11120 22759 9241 19663 1331 
364: 572 22726 21868 23521 25117 27051 5777 25600 16565 22552 25832 16503 

21817 14728 10501 20312 1922 26143 
365: 2785 19798 21971 22501 8026 7044 7049 7046 18750 13666 3024 3038 

11039 14074 1429 8606 24553 1757 17726 17774 14618 22129 28723 16336 
10 19191 22207 23370 9532 17297 9218 2923 24024 18932 4361 17829 15456 

2364 6363 12612 6922 19498 13030 8341 28164 4258 13106 1811 16122 
1051 744 6529 5135 8908 4810 30047 13016 20550 6474 30079 4836 

14390 5894 15952 25952 16984 20565 22999 1037 1906 20526 30247 27474 
6834 24461 14477 26589 30015 9849 1281 29262 13270 27735 10808 20109 

15 6263 20296 23246 9911 1792 21541 2813 23854 22660 13873 6244 10328 
20192 17484 5593 28954 9444 11167 11388 30348 4972 20561 7018 16985 
24560 27578 2880 22305 16973 25664 19344 25467 10696 27992 6966 22703 

1278 30261 1231 22393 13639 2521 29348 12061 16655 25510 6733 6732 
11771 6758 6444 14367 16745 24525 21445 22666 28946 15182 3933 11820 

20 13952 14634 30178 2943 15060 9260 28357 13601 11022 28236 10389 16217 
3746 26696 24173 4154 1411 22141 21833 19331 10144 13294 20437 17754 

26947 19779 14906 15100 2107 21251 21025 5624 20001 1696 20726 10463 
8705 22313 3107 9503 10905 26121 1864 16828 19196 2247 22768 6517 

26490 26065 7392 14197 12658 3963 3966 14009 16539 22561 21947 24506 
25 26284 28532 22833 29368 16464 1131 10026 22163 3111 20784 27389 17201 

2905 2904 11350 9206 3509 18221 5579 11463 15132 28420 3182 4791 
296'20 26713 3292 22543 20897 28545 18113 10753 23273 9930 16623 12945 

4291 7077 12747 14095 24406 16041 27952 16991 28566 1376 18300 8551 
6522 6532 14836 23677 3289 23409 28366 23851 10686 22521 6218 24927 

30 18916 24313 28124 5915 5547 11080 17068 1558 18371 8407 28877 9854 
9856 11911 3309 18232 21621 21105 17867 5002 16760 26441 6986 621 

11013 4343 12443 27133 11221 3252 9012 18375 25497 1413 24252 20195 
29884 15905 24567 21424 30284 11730 20007 9492 4599 28904 6016 25147 
18784 26867 7588 29200 30025 11149 1917 16252 17539 18416 5001 7760 

35 1275 2959 12722 12808 10813 14056 9706 28730 27579 
366:17662 23368 19260 953 2080 23266 7160 11645 1187 23379 25541 3060 

30258 23236 15985 23812 18038 15864 23014 24985 23250 23331 7256 29218 
6537 8282 6825 16290 25482 5950 2607 10789 10812 1498 1122 26002 

16188 19194 21599 29031 11984 20400 13964 4133 25096 30080 24402 6338 
40 7573 18596 30323 16553 29248 30191 3818 16246 13336 15485 9429 7547 

2333 25054 20670 27775 8648 5878 21125 
367:12532 1185 15693 12627 19292 28786 14537 28010 20382 18294 18887 18885 

5808 17684 768 26489 30213 
368:16906 20559 21806 5055 9056 13559 14510 4167 13364 13441 11165 3862 

45 1913 6572 9353 29885 5672 23667 20433 11405 26215 8142 13983 9317 
1831 16167 26355 11049 12454 607 20163 21550 8941 3691 19336 8960 

11635 2500 12784 9832 13853 14431 6891 25892 24022 8074 10050 6314 
15883 23231 829 4758 4754 28646 4717 20464 9858 7971 12622 20501 

4271 12195 9291 19503 21548 4124 10854 6713 26029 12272 1775 25590 
50 22837 22812 22556 10678 16223 25625 21334 8456 22176 14327 14302 17822 

17624 16859 16850 17780 17619 17629 16852 10588 10650 1001 29219 15690 
20293 25766 12151 21485 14320 17504 15478 15477 15066 15835 30365 30421 

2696 20311 3417 19744 18488 3839 8782 17965 3743 3775 17509 17514 
7891 6457 12394 12411 4075 4077 17590 21909 28286 3388 16788 15982 

55 7848 29135 20349 19157 14248 29979 17396 17358 17398 17407 17410 17366 
17324 17403 17357 17368 17360 19996 19846 11904 23714 2173 22814 22809 
20197 29687 3983 24318 21492 20319 26103 28858 6802 20161 3448 4055 
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12112 10358 7750 12606 13406 12501 6292 9527 13807 3896 12598 5152 
5149 5155 26816 300 

369:12105 25662 9969 17226 25561 19375 19137 18295 18861 19386 13836 2279 
4873 4876 3820 3091 17868 23434 16705 19125 27453 13210 8946 6913 

5 24880 24875 10855 10851 11632 4175 1889 28068 16417 3807 24970 19547 
25083 28222 27062 1397 28093 20514 1934 17351 5340 17475 6651 6628 
23848 21516 6717 11419 11421 6570 4635 11278 2641 27197 4386 12120 
12982 8875 9649 9303 29572 20558 24896 25979 

370:24465 21401 11218 19349 9644 15930 1235 8351 23088 10788 5765 5761 
10 5738 26337 7764 5228 23488 11190 11189 29202 12910 7661 27041 5745 

14084 14115 29789 28902 28922 27512 9542 7402 10727 6303 29079 716 
8930 24123 23841 1025 2086 2205 9419 7665 11564 30212 17363 30184 

19808 23497 331 
371:20828 2018 29819 22216 5134 18043 29124 3400 30311 10221 10919 3008 

15 15824 27737 18632 30109 912 9609 19414 27547 13910 2325 30046 16563 
11184 12474 23560 19933 9705 23325 15597 24532 13595 18630 3813 21147 
23666 18452 8173 5530 10225 29269 26847 28198 27549 5423 8517 14755 
13305 17340 6951 17444 21075 19610 11191 9314 3484 5919 26028 27327 
16925 19302 23459 8937 18668 4087 21301 13146 5106 7387 9531 3669 

20 6992 21099 926 9546 25033 11143 7866 18849 25639 4131 14731 12666 
24674 21956 22772 10908 1840 26236 9375 8676 28261 29411 21699 8916 

6548 15637 14791 14919 1712 24713 27435 27895 13310 25971 13333 25998 
25969 25973 28430 17161 28170 24203 9153 3761 29294 4059 14595 5098 
16330 17529 26472 26351 22799 1837 898 10563 10556 16982 23987 28072 

25 3664 25730 13500 8168 18229 24508 7542 27295 25549 
372:29272 16408 7305 25504 30120 18562 6104 429 23539 19011 28591 13463 

16590 20339 29410 30183 4993 7120 6985 5112 26266 18260 4678 8552 
19030 28248 7679 4918 16318 21717 24060 21344 25297 22138 25346 22012 

5650 27496 21794 
30 373:11083 30232 9501 9499 14909 18574 1318 8956 22144 11445 7700 20469 

12900 25243 11836 6695 6670 17570 5294 27600 14930 2838 28257 7119 
28769 26445 3685 25444 20074 27152 929 27785 16606 2132 18223 15995 

2915 11331 21100 28868 26048 11852 12981 18993 5507 29666 15787 3078 
12343 3108 25390 25081 11565 11953 9652 19597 10514 29625 

35 374:29995 13858 16799 15409 7506 3900 25479 27924 27233 26714 5749 2520 
7621 16752 5140 22422 2229 7907 2887 8548 27352 15383 9281 7088 

26440 22113 14246 8179 8157 4779 4777 2392 4396 19826 6526 22480 
5338 3048 26281 15964 17212 8814 2324 18317 15694 19860 6349 13128 
5556 1251 21951 28755 29722 2879 20185 13869 21210 23806 6702 4543 

40 4405 15007 2089 16413 24264 14941 14247 10125 9932 20980 20977 18088 
10848 15567 24471 1084 19325 23594 11486 16253 16264 9590 14117 17223 
10557 5623 2088 14385 1561 21395 6327 16898 29226 4670 18933 27066 
13458 18355 21569 9407 15436 21510 20305 14741 21830 24223 20078 20082 
20752 27132 21671 14238 13121 18767 19238 23101 9162 9163 5194 20027 

45 6622 19420 11795 9430 21095 15669 15672 15675 18014 18012 20048 20045 
28705 3175 25584 28625 27436 3545 10450 1515 13631 10778 16642 8141 
26233 14215 1191 23002 8096 27240 27799 2057 15673 29892 11139 

375:20858 26142 10809 14612 16454 19545 19537 19540 8482 24371 4160 20283 
14553 6799 25202 9659 14445 24224 19737 19738 8866 7937 25944 25059 

50 10155 21478 7852 7102 14451 6950 5026 14406 28090 5094 21421 134il 
27424 6366 22169 26988 24801 13224 14409 14494 14517 14518 14520 14521 

7173 19631 19633 29864 19674 19669 22743 15525 12661 4381 8374 12058 
12037 27740 24959 11750 1665 14092 11686 12278 12798 15327 29534 9738 

4989 7115 25912 26228 24830 26620 23068 23086 1638 4563 4496 15519 
55 1197 14710 5891 27244 7083 26941 26940 26894 26897 26904 26938 26888 

26891 4320 28614 15349 2396 5649 3734 7833 7900 2208 22821 15320 
29934 11345 22535 1531 14482 8469 14454 29548 28635 9987 2543 10952 
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12764 20540 23787 21038 27498 21551 15465 9285 17855 5288 27678 14444 
14239 19778 7222 9980 3724 6735 17248 12325 8355 5396 7572 4642 
26594 30266 12513 15663 1676 1570 5326 30229 25028 13712 25204 15030 

8967 9847 17346 22369 24433 3228 1492 21919 3457 18490 16560 16356 
5 20957 8669 8556 27349 22593 19181 14071 26913 23223 19740 19741 19702 

6424 12427 3756 19528 28651 26436 23695 9106 18680 25651 29778 3385 
25547 16465 29957 23660 28119 25123 23161 12673 10341 10337 17877 16926 

5335 6313 27126 12985 8913 19166 26170 15524 3225 25803 17431 19242 
22221 19232 21302 5455 21808 25987 3306 21033 5949 12951 11207 26677 

10 5377 3154 4237 10277 10464 21397 26222 22976 24026 16432 14172 24505 
5159 8923 20766 30063 22214 8234 27929 29711 2824 13307 1027 2055 

10073 17104 8541 15113 10000 24419 9110 10493 28628 22247 5404 29270 
16863 3428 28997 21506 14549 25281 11006 28867 17838 27771 12933 20692 
19733 19704 27251 2386 19598 10663 23428 2637 27711 19997 18774 25727 

15 27718 9402 24817 6666 9647 13556 5248 11562 16054 13064 20698 15992 
23836 26766 12367 9376 25609 21567 12837 15575 19584 14844 25156 21026 

3140 25275 24917 17394 24748 18515 8565 28120 13593 17015 26924 4610 
13573 23412 6478 10079 7860 12653 7702 19415 11774 6562 10481 11804 

6051 18624 18909 8442 14265 17929 12311 22061 17975 11180 3404 6618 
20 3733 12950 9766 5493 3980 23627 23968 14205 26388 16017 19226 30230 

22394 8620 15956 19582 19549 19585 19666 19638 19635 29483 23233 4151 
18853 16248 21296 24366 10967 7110 2896 26390 27580 16446 16451 17612 
28143 14479 5845 17298 8885 14415 14487 14489 14491 14465 13581 13609 
14378 14371 13583 14374 13608 13616 13572 14384 14389 13612 14449 13619 

25 13577 13570 14523 14419 15849 542 21910 14411 16057 19767 23470 27608 
15894 16817 25786 11375 29808 2582 28328 20366 22975 16439 22295 21402 
19862 28494 14459 1199 24733 4349 14073 5733 23439 29533 4372 13627 

8409 28221 27151 25982 25978 25981 26080 25984 26010 25976 26106 26083 
25956 25959 26017 26055 26133 26026 26105 26060 26822 26852 26132 26109 

30 26820 26022 26850 26131 26825 26859 26085 26104 26102 26135 26053 26015 
26054 26827 26057 26076 26159 20846 26818 26136 26160 26163 20849 20842 
20808 20838 26156 20885 21828 20850 20891 26161 20886 25951 20718 26078 
25955 19799 20687 19772 21981 19794 19833 19803 21976 21960 19770 21983 
20719 19805 20686 20689 26854 19842 16456 21980 19839 19832 21803 19797 

35 26858 16489 20895 20804 21012 20767 20754 20923 20972 20970 16491 21010 
20926 20759 21004 20925 20721 16486 21908 21847 21953 20973 20723 21003 
20966 20930 20796 21946 21044 21948 21911 21880 21838 21050 20927 21844 
20969 21879 21014 21915 21055 21884 21843 21048 21916 21882 21957 20893 
21845 21877 2162 1916 5079 2116 14186 4604 4553 4521 13195 24012 

40 20562 18518 6546 13095 2878 25070 5498 20329 27871 
376: 9514 18208 27699 24672 695 19688 17787 10946 18811 24157 17433 18211 

27587 29573 11124 574 576 16146 13361 26217 825 17239 428 13932 
5348 

377:26286 15828 29381 13729 9463 1447 21905 14853 28599 29214 29216 20781 
45 27729 18418 27603 25716 25707 12847 2534 2531 5406 28031 304 13896 

16751 5158 2533 10046 13689 22774 1911 1796 5545 10252 13315 6191 
13314 17203 23729 2537 6202 11849 11846 6193 27557 1797 10397 9442 

9470 2568 9471 9441 1789 6233 19634 2753 6222 6227 2751 26484 
2526 2523 10548 1794 6151 4931 4935 5392 10581 10578 28003 18285 

50 19177 10078 18805 25642 25644 9834 9293 12912 12907 633 4120 25781 
15640 18808 18210 19601 21903 25270 24910 10083 10084 10113 14947 

378:25474 14771 4723 2695 18286 1459 29180 29184 29182 29179 19650 6427 
4021 24424 19821 5833 15452 23315 26642 29704 7761 21612 25030 2327 

22167 2330 29528 5148 2361 26318 19158 12389 
55 379: 8336 407 28490 22527 23461 681 14155 24237 27107 21443 2665 27172 

24706 20420 5892 8105 6246 22041 16218 457 12930 14021 5230 9685 
2316 4924 22112 26146 19293 8274 19356 14025 3477 18809 753 18266 
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26407 21926 380 25408 9209 8783 19607 25045 5143 16074 18650 
380: 8336 28490 6567 22527 14155 27107 27172 5892 6246 16218 457 12930 

14021 5230 9685 2316 4924 22112 26146 19293 8274 19356 379 10900 
3477 18809 753 18266 26407 19607 25045 21926 

5 381:16800 8883 21392 15014 12994 30175 24358 9344 16428 17993 26003 11292 
4948 4270 7148 7144 11585 29803 7628 23978 14719 15713 26051 23186 

21364 21363 12313 19211 12293 3184 21361 4251 29309 11106 8601 3656 
16575 10384 2231 6272 4440 25890 14003 23017 26886 10116 11138 3058 
29575 12636 14228 16945 13960 28481 24804 18612 23683 1560 30210 18531 

10 30124 14051 2951 28691 12583 14895 20570 29295 29014 15159 12881 19438 
17037 23643 18407 22380 13761 21280 30267 2114 20769 10123 3437 6949 
16125 22314 4257 7538 22317 29065 671 22201 19766 26705 21568 7030 
26970 24582 18078 23130 26658 19377 18835 4249 2051 3595 7527 .7053 

6212 24385 17648 24821 22780 1333 6654 11266 21602 8339 27388 13866 
15 29872 6882 17417 1384 15154 16018 21174 17763 10140 15398 24041 661 

1818 16244 22194 810 28619 11611 9962 3017 19246 28744 7208 12671 
672 23171 27081 12060 14764 17741 19417 19866 4641 10040 3665 9316 

1443 4097 19724 7171 27471 4065 17292 620 19967 27285 16254 10426 
1031 3059 5751 26298 13298 14103 25415 17608 13073 19838 27082 22416 

20 19471 15554 10375 23326 21373 13529 6175 9427 27649 27791 23281 26347 
29100 20879 4801 4447 20578 6231 3817 23863 19942 2207 2783 15650 
15652 28992 2875 2749 29286 28367 9937 10318 13071 5030 20791 13306 

4353 5500 16715 20116 9338 11613 17692 17546 17543 17784 17742 17699 
17737 17696 17656 17533 17750 17649 17745 17618 17581 17746 17578 17776 

25 17611 17771 17576 17575 17541 17781 17580 28563 28525 17689 29296 28524 
29338 28567 28522 29382 29305 28486 29334 29299 28530 28485 28589 28586 
28588 28487 29292 29379 28491 28592 28571 29302 29344 28569 29383 28526 
29342 29335 28590 28564 11658 19964 2715 3367 5854 12104 13405 24584 
12771 4129 14512 13409 15647 27015 7234 8595 4345 7033 16467 23527 

30 26124 22096 14235 8758 13036 17632 2019 3016 687 30211 23375 4883 
27225 1110 27730 19218 25296 15643 4998 13345 11303 28411 17555 10819 

9658 20264 9656 16736 17026 13302 27306 27308 26348 16197 12340 21834 
15619 5295 5325 5349 5319 8477 29481 2737 2740 2743 25884 28722 
12157 18095 21273 982 21276 8514 21387 2038 9428 9426 9406 2039 

35 28482 4030 1407 22661 22664 22626 1244 2512 25499 18163 2228 1267 
2486 2513 2472 23931 7782 1424 2482 1430 1393 1241 1427 1273 
1431 25534 1323 9583 29887 26073 1270 1390 17236 6763 9490 9404 
9433 9458 17758 17797 17793 17680 9436 17721 17762 17716 9469 9464 
9460 9466 9498 17799 9495 17710 9489 17764 17705 9055 693 27326 

40 7084 2475 2479 17801 2042 29402 8012 14509 7859 17826 17505 13261 
7957 2045 17507 2047 10364 27773 11896 27150 13110 1341 6977 2048 

28835 19388 16841 28869 28890 28779 2075 19681 17476 2077 29442 14157 
19919 22184 27747 28149 25245 21260 21257 21303 13243 5590 10785 11128 
18281 9736 10648 12566 10739 10616 10472 11621 11554 10467 11661 10517 

45 9731 10518 10519 8358 7079 21804 27252 20822 28597 21562 8288 6342 
16743 21832 2502 12234 25288 26621 26623 26625 22586 22585 22611 22583 
22617 22590 22581 22614 22658 11770 23025 18987 4575 10505 26256 29981 

382: 1205 1202 23043 19105 13208 6551 6559 19940 19978 19981· 4490 16198 
1306 1301 1305 14162 22654 23684 22719 28186 984 986 28534 25229 

50 27701 17690 19988 21788 25087 19912 21275 19982 19909 18852 1894 7697 
1981 27932 27807 17275 17258 26144 8753 10153 2234 20381 10110 28531 

20355 28470 5936 14511 15482 19230 2975 29138 8877 5395 18703 5364 
19321 21051 17845 28539 28536 28429 27692 25933 28424 27698 27667 28432 
27637 19792 18013 13358 27690 9342 6730 28714 11798 8785 17920 25660 

55 16729 26290 19907 14255 26258 26234 26261 19936 19119 21272 19915 19985 
13259 19916 6608 29643 20900 5842 

383: 0 
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384:29743 28452 28384 7106 15703 29461 18893 6003 3086 4606 25491 17772 
6933 10268 14470 14190 3145 9692 7299 5291 28343 28601 930 15288 

26611 1829 7925 17355 15633 7031 28578 30033 4956 8779 16006 17318 
2748 18821 21598 27933 16171 6850 25460 12668 24351 24345 24349 14361 

5 24867 16572 22348 21002 29297 9784 10736 26297 27736 30295 23749 16124 
385:25583 25602 25606 25629 25635 25666 25668 25671 25675 25704 25708 30450 

19353 2616 2612 11581 2606 3607 2652 2656 4666 4562 4595 10715 
10757 10723 15148 7011 10145 10555 10562 10885 4615 4614 10592 11306 
11308 10950 11366' 10981 11484 11491 11061 11066 11524 11067 11589 11559 

10 10940 11337 4867 15696 4771 15762 9196 16637 16636 9226 9230 16803 
4936 17828 5784 11301 10012 29367 10763 11274 11399 11435 10139 10137 

10135 11305 11363 11368 11409 11440 13737 22631 22635 14535 22638 14593 
14597 22671 22673 21171 21127 21028 21175 20934 2618. 2648 10795 10798 

2619 2676 2675 2677 2679 5524 2681 2780 4637 3564 3605 29322 
15 29325 4600 4598 10792 10790 5599 5600 29374 21064 20944 20940 20937 

21061 20981 11767 21126 21092 21020 21069 22000 22029 22032 24069 24083 
24120 24194 24086 24122 24117 24119 24158 24182 24186 24188 24153 24216 
24219 24126 24244 24246 24249 24251 4774 4701 19529 19581 19532 3151 
19583 19617 19573 19536 19576 19621 19661 19578 26326 26323 5703 19524 

20 9634 14630 11338 10945 10937 10933 11094 11535 22003 16871 23011 13888 
10687 10759 10725 10691 10751 23322 15023 16600 24154 24080 30427 19348 
30456 25633 14773 7124 7178 7157 7150 7246 7182 7255 7101 7245 

7215 7094 7118 7210 7156 7153 7286 7220 7186 7293 7249 7125 
7151 7288 7326 7294 7296 7329 7333 8052 5631 3602 3600 4390 

25 4392 4393 4385 4446 4452 4449 4422 4491 4492 4495 4517 4518 
4547 4559 4555 4550 5523 5520 4718 5529 5560 5619 5626 5622 

.5601 11610 5667 5673 5669 5635 4457 4454 10732 5675 5678 7123 
4852 4693 15678 4735 4821 15700 4736 4737 4741 4770 4773 4776 
4806 15757 15786 15788 15791 15812 15817 15840 15842 4825 16603 16634 

30 4856 16647 4860 16669 4863 16737 4894 4899 4900 4903 16778 16801 
16807 4929 16832 4932 16867 4939 17668 4969 4973 4976 4977 17722 
17725 5746 9982 10007 17788 17794 17800 5753 5757 5783 16703 10014 
17832 17757 16772 16706 9973 9976 16739 17708 11576 11608 29646 19212 
29648 29650 19215 29652 29668 19219 29669 29673 19240 29674 29676 19243 

35 29697 19247 29699 19252 690 20263 29702 19256 29703 652 19284 642 
20220 29734 19285 19287 29736 29737 30422 19322 30424 30426 19329 20265 
19350 30446 19351 19352 686 20223 30453 20169 30457 20173 647 20228 

605 608 16891 9952 10009 17765 9177 16643 9979 9983 14045 14016 
14039 14040 13976 13974 13980 14012 14993 1358 4588 4584 4571 4574 

40 4578 13670 13711 22598 22601 14564 14562 22667 16664 9182 9188 9223 
9950 9954 10004 10761 10667 10688 10717 11500 11507 11505 14991 17532 
1647 14787 14781 10730 13599 20410 2756 4380 3612 29364 29331 4522 
4519 11579 11601 26325 4631 4630 4633 10824 2657 29369 29372 10693 
4542 4540 4690 11333 11224 4733 4612 1900 10729 1898 1893 1896 

45 11599 2714 5565 5563 5564 2721 2752 2723 2747 3571 3573 3569 
4413 4411 4416 4420 4489 4485 4629 4603 4605 4660 4663 4702 
4674 4669 4710 4714 11582 4704 5526 5597 5567 5596 13979 21993 

13987 13992 13996 12409 13942 14015 1360 21231 14017 14782 14841 26664 
11552 18066 18134 18070 18101 18206 13236 2768 20087 7036 18946 18255 

50 18945 18264 13982 4581 4582 4908 11244 4616 4621 28178 4815 9947 
9192 16893 18369 17217 14632 29645 19209 13830 14636 14637 13919 13914 

13920 13917 13944 13945 13893 10689 21093 13854 13841 13847 17547 17545 
20904 20906 20899 19127 19155 19150 27482 15098 726 2332 10069 17569 
22026 14028 4404 4544 2336 13885 24342 9373 5634 19773 9371 16355 

55 12698 14876 2402 22790 17017 940 939 10096 12386 14050 14053 12408 
13921 750 749 782 745 747 23094 13889 1437 9150 15701 15718 
16604 16769 4942 9955 17675 17719 5750 10034 15754 15676 14020 14046 
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24075 21228 13946 13951 14044 21225 21215 21221 14024 21178 21130 14818 
13135 14805 14808 4966 15784 7918 1366 1369 1505 1403 1396' 1475 

1514 1389 1436 20903 14048 11618 10831 10827 10832 11612 20983 4694 
11282 15719 15838 16670 9229 5754 8876 25306 19624 11594 21987 21997 

5 14640 8051 649 610 20183 19318 715 20268 19159 10713 19358 19475 
2718 2719 23072 23044 23046 23077 13891 6915 6774 6817 6790 19354 

19357 13705 13708 13710 13714 13716 13747 13739 13741 13743 13745 13781 
13782 13785 13789 14809 14784 13828 13833 14817 14777 13835 13840 4611 

7376 7096 7374 7373 936 934 21135 20975 21169 21087 20978 10586 
10 21134 20935 14270 13778. 17534 17537 9633 20901 4832 10134 21098 27949 

514 28711 16920 
386: 7882 12624 24648 7567 20731 29246 13557 24299 11349 26482 23197 30121 

ll007 18272 6064 28273 8156 23323 18696 2199 21366 18611 817 13520 
29728 24844 25005 12000 7747 11457 4078 4318 2050 17518 9735 11098 

15 6203 22233 10599 7752 15287 23469 26750 24405 1630 26154 26137 14899 
25769 7610 7037 10086 27409 27407 17049 17151 20444 7523 25492 28406 
15590 10197 23316 3750 9054 28523 4158 13211 28948 26806 30382 9535 
25501 13533 15796 29318 26382 14370 12937 14574 9931 5799 11078 13746 
10020 20282 6416 25298 5849 29006 22869 17306 26462 14226 16058 14263 

20 17573 14786 26451 28923 9374 4429 25618 22773 28275 12865 20976 27294 
828 8708 26360 9275 22574 22262 30310 4283 18068 4968 24285 25256 

28977 5519 15217 5412 10884 24397 17694 25575 30088 23404 24081 16839 
5107 8862 20079 17553 6918 7696 12535 17038 8997 20832 10223 9073 

18132 29509 5478 11312 1409 21181 26012 23113 10978 5297 11298 4964 
25 17101 16605 20370 24570 22259 6108 10236 12212 7445 18469 27353 5467 

1077 7762 21239 26187 16131 29514 23591 11815 18999 8501 12139 5767 
21383 2686 29757 11839 4301 3462 11447 16522 11623 28752 3179 14591 

6976 3373 20987 29125 7401 10219 7317 17818 15097 26598 26704 20088 
23312 10793 18246 17592 14273 4691 1993 14136 27321 20931 13690 10369 

30 26931 9853 28138 26603 11477 15496 13725 14514 13407 10283 29222 11832 
26502 26670 9114 1924 1412 28350 5281 16091 19855 17086 27176 27611 
25357 21603 30077 26906 8350 22679 18673 9140 18666 28921 23251 23519 
20361 20770 25453 20837 29966 27231 15403 28609 11201 11848 25518 16868 
22889 29735 17124 8175 20739 20369 12154 28580 8190 15884 15044 2ll54 

35 9315 9642 19788 4835 6578 1253 8773 15685 10431 5352 6871 25767 
14950 19775 5114 5589 17452 8608 27854 10987 21757 29392 8503 8481 
12839 19718 22926 9040 14900 7830 29421 9537 6500 16012 23512 25104 

656 17645 27804 15352 9712 5913 29582 26892 13949 15176 11476 25094 
2764 7380 6284 23799 18323 27153 25398 3341 11241 18735 1521 22016 

40 19647 18401 21554 20513 2805 17878 1940 26070 7663 3610 6563 24008 
6643 12824 29049 5076 5078 13223 6440 16674 2417 22702 14743 14797 

25787 24474 25771 15181 25271 28750 639 20190 18757 991 24602 11311 
21751 18315 23688 2908 26458 26270 5283 3627 25101 15350 12381 25545 
12033 9795 16156 15164 19152 1170 3238 4739 15254 9262 8304 27537 

45 30349 25524 30092 11304 
387: 4558 11893 13421 5582 23804 26468 26466 20275 14838 14839 17735 29084 

18188 29076 15600 30039 919 11408 901 8685 2371 9440 3547 7lll 
8276 25471 17939 30262 29401 11076 10207 16596 21431 13490 7553 11422 

21043 4627 5438 17143 3476 4884 20375 14672 3777 ll489 5053 24683 
50 24466 17525 8594 9714 24798 16490 28159 28437 27535 23196 23263 28941 

29147 3370 17964 ll414 23349 27411 29195 20137 21695 21637 20399 20446 
12487 29234 6701 28295 3357 26876 13268 12016 1402 25239 27993 9006 
26508 24009 9842 27164 9843 8093 14174 14907 14180 8251 11223 29131 
14904 6743 26915 26914 12587 11766 3977 27351 13842 13838 17934 10791 

55 11651 21246 17945 17022 10818 13428 9709 24623 16581 22949 7546 19064 
23636 27599 24670 29538 26358 26361 16328 6121 1030 7784 4435 20083 

5003 4716 791 3702 7029 9167 28702 14596 14556 11538 24982 21152 
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9549 15247 17111 16632 17709 21966 17305 16424 28354 28724 27364 24574 
16426 6348 6280 15221 1997 12742 22001 15753 7248 12877 12875 24109 
22403 5450 6999 22405 1130 17140 29251 7185 1810 3076 28353 26874 
24295 29943 10644 1049 12979 14037 21570 18712 15540 8936 3161 4570 

5 4539 4465 27883 12020 25071 28733 9892 29788 1819 29812 11598 3410 
9138 2585 23556 28874 2934 12374 1664 29691 29088 3921 

388:16278 11063 25422 1816 11982 26099 6004 16365 28692 20122 20303 26654 
786 10182 4508 1343 20478 7988 24286 24386 3094 25259 20056 18347 

19690 23376 6317 27472 10522 30317 30020 22656 12232 4531 12165 28455 
10 10913 19443 4173 9125 24324 30454 2037 9909 15010 15153 25931 

389:21076 21074 24054 19303 4397 8433 9597 13681 25701 8529 13682 29417 
3329 6368 1930 18796 23129 8137 27913 27943 3570 15220 1921 23484 

26097 10322 15273 21458 24501 30004 1058 17126 20178 13780 27821 21499 
11343 2474 2429 23148 14120 1136 28029 5188 8301 2074 28682 23207 

15 25234 4592 6577 15018 25183 20104 25311 27014 28022 2407 29658 27137 
21835 22946 4286 2453 23771 1121 15152 7508 18125 14815 1806 16918 
22338 8216 27934 28665 22072 14984 16297 19962 20824 5496 16107 10178 
28394 3392 3438 3668 29062 28435 7617 14723 26147 15111 6330 5903 

5261 12168 13265 20572 669 29113 8533 12630 12759 53!32 29134 603 
20 14259 15218 11176 19111 16904 4137 30155 22315 26211 5171 4474 13423 

699 26857 25889 15695 5656 13452 16624 24229 19905 19885 12708 13922 
18917 26895 14843 14806 24003 20069 6597 4337 21353 24639 8520 9720 

4430 1118 20387 24437 3181 3281 28201 2323 28358 10379 28321 7579 
2307 2278 15208 2901 8613 21511 5811 10636 18192 13404 28598 1556 

25 616 30406 655 29004 28129 3850 9148 20126 5502 2166 3650 16685 
26728 11100 9014 20231 843 845 22705 23137 7834 6945 5583 30396 
28421 1577 27492 11302 1987 30225 6290 11946 14973 840 13085 13054 
27292 9981 9959 28958 3716 14277 2285 24091 11256 28742 28741 15833 
21106 24036 26077 23993 20117 30096 10683 21582 21738 23681 21984 21885 

30 13678 25157 20887 19948 24070 27527 23997 16961 8064 29845 1884 9986 
7187 9957 7894 21587 13384 7772 26614 12745 27838 22022 22147 15901 

18009 8985 7805 29129 23495 20727 8101 8067 6335 6333 22062 24049 
3494 2983 19995 18749 3037 18015 5211 29352 9366 29282 9452 1093 

28291 24425 17497 29099 14986 7133 29551 12227 12228 24624 24420 22559 
35 13301 8373 9341 25695 24780 13044 6000 18736 24773 15831 26257 24398 

2928 18271 19938 8219 18147 28191 26595 18550 19355 26346 2776 12184 
28768 23707 9255 28548 7459 22182 17454 5995 16136 9213 8471 2315 
17099 29529 3898 12065 3718 1743 10595 28519 25835 28283 13197 17310 
21045 8375 25339 21500 24781 21655 1200 23953 28006 6543 9145 22710 

40 20132 12235 16370 19810 
390:22423 29361 12542 16648 24697 17759 12099 3299 2596 1967 
391:16278 11063 25422 1816 11982 21406 6004 24783 16365 20122 20303 26654 

3249 786 10182 26408 1343 20478 7988 3094 25259 20056 18347 19690 
23376 6317 27472 10522 30317 30020 22656 12232 4531 8668 14561 14464 

45 29649 11699 25874 12165 15149 26411 28455 10913 26414 4173 9125 24324 
30454 2037 9909 15010 15153 25931 

392:12517 6596 26601 26683 5868 17245 28699 13374 16403 20008 26900 25162 
14567 

393:28605 4248 3296 29412 1544 4971 25372 29811 1043 22936 29875 15017 
50 12913 14832 11897 7444 7783 1580 1575 7449 27975 1736 10963 18607 

5012 4790 19491 26181 26164 26179 26166 6084 22822 22119 11926 6143 
18802 24675 1642 22297 12158 18339 19224 8729 8745 12629 14650 1776 

1741 1707 1778 12954 12140 17986 7486 14323 29298 6358 30249 7435 
16020 7899 28663 18034 27243 3117 16040 5952 12823 8778 27116 22716 

55 5812 26114 12292 27504 14526 25559 26246 15865 2010 25596 8728 28654 
24775 1378 24778 14306 24842 12932 25247 10314 18165 7012 28721 21714 
19012 6704 25342 19555 29166 25312 20859 13168 20643 10542 7494 20348 
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24013 29672 30463 1523 9707 25278 30341 26500 17219 28319 7490 8545 
29013 27753 9225 26782 21073 23700 23703 6862 18520 30018 12861 4577 
15163 6845 3397 13969 1984 1624 4624 26478 30397 28565 17213 12054 
12089 10866 17773 23206 29565 21514 1401 11549 28292 23164 4926 23911 

5 4949 11088 10104 16644 1094 13688 6671 27258 3303 15049 2352 2991 
11713 19314 23318 8230 24947 27463 5484 30384 1163 17893 1416 9330 
12405 9333 15391 2936 8998 19519 19525 12156 7757 28818 30141 8398 
10740 15295 20325 17325 5730 18713 25031 2365 22116 25257 22657 29389 
28650 19315 17650 30443 20699 7510 7155 6448 1112 12915 6331 29239 

10 17760 17835 14733 25882 3979 21962 17861 18807 6030 23278 24272 29330 
27365 17805 8719 13173 12233 22827 19739 18618 18706 13658 4700 23121 
24243 12467 11326 26575 26573 20560 4045 10190 25319 26814 27915 23651 

707 12290 9084 9682 6494 3914 15760 5693 20537 26901 24888 6684 
22797 22636 11814 19188 29380 8147 19574 30403 20874 10580 21715 16700 

15 1474 26695 24247 25000 9657 18453 30101 23513 19849 24716 23516 1946 
1947 19018 26271 25477 25484 26363 25473 25441 25410 25409 26442 26406 

26437 26435 25385 15727 15923 20963 17949 17789 17795 26324 29456 30066 
26418 4838 18314 19403 15957 29036 6998 8654 6240 26356 28440 9269 
17028 10474 26202 10677 2087 2800 28132 22715 6476 20654 4987 15578 

20 6289 3621 2930 28144 27716 21519 21613 14654 25403 7163 6716 28476 
10944 1063 17188 5320 17158 26089 22149 5983 8791 8789 8788 28070 
13263 6861 19701 30278 19126 15936 18120 20620 4222 729 12941 18345 
10382 12252 9624 23119 14949 12867 907 911 13144 12938 730 14135 

3636 11786 23990 '27897 10675 7456 12498 1820 28552 10722 11720 19506 
25 20979 774 24722 22877 7362 18911 10471 28039 23542 22349 3768 13202 

16598 6715 6484 4027 11381 2468 26746 20475 8622 9998 25324 14855 
27500 10138 26954 8111 10504 13274 8108 22554 26174 6009 12944 12936 
19730 12943 22572 23515 6827 10166 28974 24489 20584 21430 19541 26962 
25404 1595 9869 18282 24908 23226 20984 27679 25034 30447 9096 16204 

30 4650 8044 7260 17195 12935 21446 19526 20129 3842 17736 15276 2794 
22503 3051 5227 11362 4113 17220 15966 7488 28369 

394:13283 26673 13372 15811 26338 10282 13817 6554 14047 11667 10532 2214 
1074 7236 16820 12807 3295 23864 2601 24596 16280 17983 25511 29357 

25240 26751 12803 12244 7105 11527 26908 20080 23916 10142 938 16901 
35 25535 19825 15340 7736 7452 27777 19857 3690 18820 16411 29415 6075 

13087 15907 4322 4242 17935 4377 30307 
395: 5925 5923 30049 5276 646 3497 16821 4682 4024 4026 3989 4022 

4201 3419 4089 11871 21479 11456 22786 12064 16900 7864 7137 27519 
23009 22962 27386 5910 9782 13669 5022 5922 28232 28240 28245 14945 

40 2384 26153 9863 17122 9701 4513 24276 24303 14985 11226 19391 7568 
7623 1468 5050 5147 22361 8683 16205 16243 16210 16234 16200 16272 

16237 16201 16178 22362 16267 16266 8681 16202 16269 16288 16274 16263 
16207 16241 16295 20101 18903 18977 3714 2312 18880 3684 18869 18905 

3713 30399 28299 18939 18972 18846 27074 17528 18898 18848 30321 23708 
45 19003 3689 3662 19026 18935 27273 19602 2620 27279 28024 18645 18667 

18669 928 20551 19019 14467 18251 3846 1656 20430 4364 30027 20555 
11096 24440 21580 25207 29141 10133 11590 5354 7744 7942 17790 2061 
18662 8642 23923 27214 15651 23078 14362 7927 10619 1018 14617 25685 
12777 22187 11042 18732 12198 29306 5504 15836 9171 30044 6414 25669 

50 13863 24429 11873 18064 27521 4646 10130 20051 3139 25845 30336 10377 
9691 5577 30414 1012 24812 5492 4428 1204 26650 18168 18283 4355 

21394 5462 4099 4071 4122 9325 15857 4125 4127 10368 816 814 
833 8020 12594 11867 25573 27585 27146 16588 

396:10985 24465 5389 21752 27373 11218 19349 8484 27565 9644 15930 18320 
55 10788 1620 7764 5228 20488 8231 3344 26554 18643 8540 22162 6528 

5847 14377 7956 11564 7665 30212 26544 19808 27823 
397:10015 28467 9949 16910 
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398:14943 7938 7964 7962 19565 11649 1841 3138 18175 16084 28102 25813 
4265 27430 11048 5711 13120 2802 8841 19091 28086 27114 3741 21369 

19052 1394 21023 927 20385 28263 19113 7946 7941 28293 4583 3706 
3705 5387 4585 5998 1847 1844 18466 16361 28638 27344 7934 11733 

5 20519 14569 22469 24958 7905 7870 14980 580 6150 9513 28956 12098 
18280 9800 24457 

399:26644 4656 6625 
400: 13109 6571 9398 6996 22385 12637 8380 28556 20052 30329 13485 10400 

27196 27193 15191 20656 10460 13771 3445 16498 12884 12318 3470 16845 
10 20269 5461 20330 20335 24308 4110 931 20492 19564 5770 24535 4499 

1881 9120 7450 18506 18374 
401:19639 6086 22364 24585 25042 23621 30345 28252 17067 23995 9310 22994 

5072 16172 25659 1771 16962 16937 8287 28032 28064 24087 25025 24400 
24269 970 14519 18442 9210 7765 21881 1530 26626 3698 12231 18434 

15 12830 13547 3947 11008 3887 4234 4319 9555 18366 17971 28689 20851 
19953 6180 28096 29797 13032 25388 3829 12069 11806 16075 26665 12135 

3790 11742 25940 28091 9662 28734 21963 29545 21722 7781 12477 7536 
29955 25777 5118 9304 15780 23706 14555 13156 18084 11085 25550 28520 
26030 15158 16126 9147 14340 25656 30430 27229 6216 18028 10276 6531 

20 25120 4464 28347 25326 5415 5702 2194 22060 25588 17643 24707 21709 
1406 19556 12441 11544 2972 18250 7310 18048 3005 5805 29963 9130 

27259 10371 19075 7197 10797 28371 6145 7878 14446 25400 29587 13473 
9117 7469 8935 28237 1268 5108 27560 30429 25279 29310 1971 9953 

27476 6140 2328 3186 1062 7447 28183 24438 1880 29932 28813 7346 
25 3575 23091 4502 10351 11558 27380 26117 24357 16376 18325 12600 30196 

11062 26767 17070 8022 28167 29891 16350 16423 23738 14399 17149 11103 
18776 4471 29877 2963 22453 23060 5677 19269 27154 22938 9041 21540 
16319 10029 7970 17888 22885 23452 18578 22148 6455 27794 5238 26759 
14078 28332 6196 3954 9208 7314 28148 5595 8962 26277 19037 2014 

30 10201 8980 7269 17510 17508 11702 1422 27709 9030 11694 14189 2206 
29095 15026 21970 28753 18638 12949 15782 23500 29566 19561 8922 18888 

8635 27031 7730 22273 26855 7802 29170 28338 12192 1857 20955 651 
22972 24396 11729 22455 22464 18763 22460 18762 22487 18739 22467 22485 

7470 7471 11693 18710 3193 13348 28870 15039 9841 5648 20114 7565 
35 12240 9101 5901 20829 13698 14604 10081 20528 2863 8077 2416 4156 

2415 27851 5551 28791 17075 30460 4848 2262 19771 25640 23109 12887 
6142 23733 3666 27756 6285 26283 21176 935 19132 4843 30126 22186 
4284 25896 18049 8295 19156 15981 1011 22968 22088 9857 14290 23049 

26397 13284 14418 4602 24020 6118 1395 23400 23507 21706 5367 19834 
40 8873 2302 8667 15171 22085 5729 16959 23940 5011 26616 18548 14054 

10262 5150 12512 25370 15464 13513 18053 17598 13448 14364 11233 11270 
21656 11011 22908 30151 8955 22425 17923 3380 1438 17594 19013 27621 
28389 28913 7821 28912 2786 11164 6678 15747 27497 20266 26776 29512 
28226 11971 28017 4008 20628 24450 3536 13603 8954 15550 17185 24310 

45 28797 23569 4473 20625 25921 3147 21089 14413 27638 5831 28480 1539 
27117 14704 3725 24113 28453 24936 18521 22134 4546 1552 12470 30034 
27520 23954 16139 16135 21623 24776 28775 28055 28940 10264 27628 12480 
27627 27654 25661 2259 25343 16930 7393 19140 13385 20057 8377 8740 
20298 23308 29768 12802 17381 1340 3519 24380 15106 23114 10043 17563 

50 665 11696 28774 3712 28052 28795 3710 28803 28004 1100 1745 6823 
28059 28007 28821 28831 28828 28011 1056 27973 7917 20110 20111 11689 
11735 11660 11691 11688 11656 11734 28885 28886 15549 12475 8397 11726 
11727 25525 28802 28800 28050 20013 7169 889 22332 15319 15635 19445 

8489 2563 5224 21062 14388 4477 8449 13099 25576 21311 13238 12634 
55 18024 8959 23255 13076 815 27247 3102 19128 16024 15512 6801 16846 

18133 28443 20053 8193 10003 3852 29972 24550 17915 23552 4315 4280 
4387 4277 11738 4275 4360 4233 4358 4229 26798 12704 8354 22489 
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25836 5697 7788 23578 24327 24329 3364 3402 3399 3396 28914 7718 
7713 29806 15542 15541 17839 28097 11663 11455 11459 11454 11499 11496 

11664 11654 11509 11652 27004 28725 11740 18772 22365 16071 5570 15151 
6005 25563 15361 414 2505 20554 4205 4202 4162 4199 4164 15024 

5 402:21731 19306 27634 10169 11204 28554 2003 8294 19828 26964 17294 22015 
26278 28659 19087 9113 12024 13846 12988 10512 22492 11099 10957 5104 

6103 7321 15346 2280 2464 29656 18958 
403:23201 8902 17383 26008 26005 9941 5941 28758 17348 25230 22478 22649 

5636 21104 21891 6072 16847 13755 10088 8809 14343 2411 23363 20102 
10 2593 10779 26745 24719 2096 19888 862 5398 2646 28899 17727 8324 

7614 24127 
404:22505 17330 17332 3832 26661 24604 24601 26617 -26553 26585 26591 26640 

26582 26471 26635 26572 26576 26556 26609 26423 25650 26551 2373 2405 
24690 25446 25450 26422 26473 25340 10489 21242 21238 21241 21279 24723 

15 24725 25494 25690 25164 16529 7978 10037 16615 16621 11055 12923 6955 
7874 7948 7839 8664 12144 14757 17096 14796 14828 26829 12171 21124 

23048 20000 23191 22333 20933 15625 22212 19851 28192 27896 22998 22992 
15629 28137 24133 22151 29931 985 2060 944 28955 28930 28990 29965 
15658 21486 21255 20071 19073 19014 18158 18127 18109 15620 2239 2233 

20 16398 14851 11657 12588 11744 14570 13748 13790 12143 12170 12173 12919 
15622 15628 15656 15604 16393 16394 16392 12916 11037 22432 8701 24656 
19135 19853 7817 18495 2869 8263 29437 29438 22440 22435 21711 22465 
21146 17031 19010 21907 27742 22415 5429 1188 5421 18365 23435 12382 
12090 12087 10571 18362 23640 15382 987 6445 6417 5413 8888 2538 

25 24892 15423 1089 1127 5417 21701 24630 24633 21702 21705 25589 25558 
21697 7438 22989 17339 1478 1506 1479 9199 25171 26307 1472 25424 
25418 5394 23942 8884 8887 12914 23541 

405:17859 1238 22054 28433 14522 12713 2265 30161 7453 4765 16339 3623 
16249 30466 23897 24523 18199 12780 12018 8775 20575 9860 9828 17997 

30 22323 12760 6777 25696 8048 7233 7159 10567 11570 5422 13420 743 
20960 20777 13662 6471 6450 722 1999 22130 15016 24746 17989 21018 
18525 29549 4744 4911 15147 16008 14299 4655 18309 20204 13162 27357 
28445 29670 12438 2514 2700 25507 27408 21700 6258 15916 23219 8612 
21584 7769 21090 21432 24336 2356 30137 4195 24837 12189 4171 20221 

35 23536 26716 7664 11285 23505 6454 21901 13438 27127 6046 28726 23456 
15186 1641 24978 18008 19271 13956 24528 17271 1119 18682 4177 14894 

2489 29476 22053 1277 2172 26999 13676 22871 16889 8678 12883 23881 
9761 20677 12855 3738 22399 20134 18998 18171 2684 15899 7332 29308 
9846 23454 17170 1559 28849 2839 27226 11010 10112 1021 29279 19520 

40 19722 26879 28081 15983 17146 15924 5208 2143 4634 16484 3406 25815 
25097 16791 9830 25112 1379 28559 28606 16292 16260 16208 16320 8188 
28196 5518 5513 11332 7484 24098 25192 11722 7295 4070 3808 20017 
21780 1418 3680 9910 7166 23057 22218 23084 16029 9268 11075 26038 
12485 7431 18804 6947 8806 3674 28046 5006 28297 7847 24808 19618 

45 22706 21561 4782 24417 3843 24691 11449 9680 30005 10365 4403 14746 
20774 4849 29201 28648 20671 18342 23463 29918 24863 14394 9080 25560 

8423 7517 27591 30030 7571 29151 7460 3064 8500 8416 18919 15655 
22879 22882 14872 2032 28860 21021 11112 2577 10386 7462 7356 9905 
21034 29197 8891 6388 15308 29956 25999 24693 19760 18166 14979 10427 

50 18403 23159 5100 26531 26168 9132 29747 26986 7010 6925 9803 26555 
30057 7883 20362 13923 21199 17720 10376 13693 28462 5696 15243 4681 
11036 28713 23116 22490 18697 15953 16090 8882 29422 26513 10652 10658 
14981 6819 823 19664 14931 2181 15988 17595 11629 10661 12706 6147 

6518 28422 8191 15040 11675 3972 3697 28043 5953 21288 17280 10246 
55 18586 18588 19908 19910 15765 26810 19134 17663 17697 3638 21052 16371 

15495 20728 421 2409 22097 3355 11327 6847 1500 24226 15048 13579 
1887 8939 8964 13794 9157 24816 21858 5885 22336 3805 3802 24169 
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2292 26734 26770 6657 13127 26043 12384 16093 3544 14897 2567 27765 
27766 27677 15125 20964 23705 23066 24145 25943 24093 17443 7635 1827 
22760 29245 18346 14261 16514 16482 16233 16542 18557 9646 13061 28991 
23979 2413 30304 24393 6062 867 1186 8879 3327 2945 11059 22618 

5 406:20907 20913 3191 25797 8462 1879 4652 24363 24360 10871 12810 10583 
10437 19450 18493 11510 27173 15212 15214 8588 8590 9632 24462 24484 
28260 23999 14749 8029 12739 14780 18654 18652 2625 8464 5633 5628 
27588 16686 3828 21787 21790 3125 13953 3308 4204 18019 7272 7273 
15636 28388 5136 17046 12262 11394 8268 3615 21005 16635 4983 7531 

10 30344 1135 10374 5166 10372 18447 18445 24095 21224 10039 10660 13773 
13775 2682 15088 15091 17289 28854 28855 4389 6838 18118 25300 25284 

3909 19553 19550 9896 30410 6350 6352 21644 4235 14421 1655 1687 
11225 4512 25728 4126 13936 2284 9577 2434 9351 19189 736 738 
19080 19078 11886 14543 12731 5616 945 24661 29479 29477 19310 15449 

15 7264 7262 16117 8641 9679 13198 23382 16013 13897 21305 9361 26329 
25272 13326 6626 25686 24764 25861 11330 20684 25383 25380 19817 25252 
15330 15329 15599 19590 19588 8432 8434 6633 6636 7787 8665 22993 
14957 24628 15222 24197 24196 10768 12515 9666 21632 21629 29385 7904 
24043 27042 4463 8488 7594 18889 8468 7705 16095 15379 25365 1105 

20 1256 9781 9756 24514 13875 13877 29068 29070 25581 26936 641 18655 
13276 17422 6035 3456 10575 10285 22383 18810 27581 24301 19856 23293 
19774 14585 13837 18045 12415 28809 1719 6283 3275 5721 18107 18138 
14770 4010 29287 28310 24971 19974 19972 25303 12114 23538 19092 18207 

3401 8653 18020 28233 10290 27800 13497 12795 21143 24208 10362 14358 
25 30035 26498 26480 2579 2581 25553 30468 19029 11898 4098 14169 15514 

7910 7526 13171 27054 12790 1986 12789 23005 19231 2976 15569 20232 
15921 15922 23759 23842 28666 18692 18690 23244 23407 17423 17427 2897 
27714 25824 25996 7047 2917 12909 4107 4108 21136 12211 2611 3592 
10480 18755 1028 1083 1963 22608 22456 29314 12417 28403 1979 17156 

30 17153 13292 26514 19436 12547 19440 9160 14472 23872 23739 29989 1335 
14762 15717 8060 8059 23117 29375 29376 26898 26902 18701 18704 29253 

7320 30440 30441 20734 23837 10657 24002 24001 20961 23981 24460 19850 
3286 25065 23832 17487 28157 27536 27533 4371 15156 17678 22952 16046 
5165 5370 8837 21890 19970 29406 8021 23986-28783 28553 5644 5641 

35 21285 22940 22969 13328 28250 4134 28550 3444 26567 21414 958 8881 
12551 1716 17811 17812 12712 13880 22545 22546 3504 3506 11188 11214 
17887 4937 3552 3551 17399 17402 10773 8411 5793 5318 16770 9716 
17927 8463 27561 29358 11998 27717 14721 14058 11597 28740 2871 26354 
25451 20098 7924 12550 6100 24279 24277 20396 2049 1065 11232 21892 

40 28207 25149 27734 6497 9417 26597 14974 20985 12570 20521 18886 17886 
23304 18904 19175 1387 29485 3384 16225 11238 9062 13183 17080 2487 

2491 27726 29848 3 609 5598 22808 19182 24278 16173 8744 28044 1695 
3387 15194 27618 7048 3389 29713 5176 27037 9625 20426 29634 29188 

18873 18872 25945 27822 16344 11957 28964 17260 18190 24580 5580 6177 
45 17614 29315 23000 29323 23763 27598 26802 2068 8800 27178 22450 20363 

19397 16749 24564 22557 24273 24092 11197 13251 5525 11883 12610 8401 
5939 3180 17437 8733 19094 16076 16080 13482 15213 25017 14352 13469 

24642 29487 23655 19380 5916 10810 21784 3872 21783 10211 14168 20997 
3827 

50 407:21969 3426 23405 5511 8336 7035 21611 12774 12091 28615 20024 28014 
12005 3736 28490 17277 6567 2642 5615 22527 23461 23548 2510 16657 
14727 18948 681 14155 24237 9719 27107 2157 12368 4881 21443 3211 

6740 29290 12934 12791 15334 6320 12678 2665 7340 27172 25880 13369 
18111 20334 20201 24004 17227 1996 25095 15305 2617 8320 14635 5475 

55 24706 20420 5892 20894 8105 9553 6246 22041 14153 27670 20341 10564 
27658 2795 4144 6083 17408 6067 23247 16218 457 14021 12930 5230 

2316 26146 22112 8274 19356 14025 379 10900 3477 18809 25408 19607 
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21727 2858 24353 25045 28887 5143 16074 9958 11336 4365 18650 
408: 8062 25546 1621 1614 3009 3717 29164 16148 12892 13560 16717 22076 

27209 9526 29022 8028 19060 6866 9859 9521 7039 26735 8846 1715 
1672 28893 13883 2631 6794 16995 1850 6858 14668 28859 4514 23601 

5 16164 6975 12533 9365 9172 4159 21035 10240 18547 5671 11514 11548 
5676 11550 5680 5674 6470 6468 7842 12045 5223 8553 3704 24541 
4607 10019 18105 29082 29077 1410 15795 28994 29007 28915 29042 28911 

28939 28963 29040 28907 28213 28212 29071 29037 30138 29832 8948 2225 
5778 20322 28399 16532 28220 2469 4696 15116 16142 27979 3696 2867 

10 12965 28477 3280 12359 27750 22948 1258 5427 5460 18149 28362 4902 
17917 13498 14814 28150 24160 15483 12750 17479 1662 6433 9794 1592 
15146 9280 3088 12015 4354 20546 24902 11555 4335 22457 16123 17558 
17717 910 10438 28145 6908 10708 28408 5252 16374 26917 9238 8861 
24620 23131 22834 26229 28302 6235 26899 7779 4266 29616 1606 1609 

15 1467 1691 1659 1689 1661 1694 1501 1476 2647 2750 2746 1727 
1761 1734 1728 1725 1473 803 1587 10610 1574 1579 1572 2811 
1541 2561 2586 2589 2604 3580 10615 1509 2651 2742 2739 1768 
1763 1612 1651 1613 1618 1654 1583 1543 1537 2527 2530 2524 
1582 23525 19216 29085 7774 2331 23154 29609 25022 25381 23955 30244 

20 11367 9700 22351 15912 2551 3728 13514 17240 7818 21759 10429 19954 
10825 21007 15393 21331 25505 7916 9568 25938 11553 10131 3137 9322 

9027 3962 21216 11719 27112 30197 20407 2703 30094 10217 14312 23485 
10245 3529 12563 27224 10266 28943 23369 9552 22613 18513 21022 5606 

1546 1548 1573 1578 1586 1590 1608 1611 1617 1653 1657 1658 
25 6919 11797 11827 4451 19065 29618 5285 3288 7613 660 8693 27839 

2810 2553 18726 7901 24270 9299 2519 16420 6984 15297 18483 25174 
26789 23155 22686 14076 11152 16256 23295 20948 28788 22250 5411 3126 
25705 25265 6921 28113 5057 8743 14281 6158 19273 19478 10433 6792 
17640 27860 27003 9451 12592 28271 29712 22575 28981 27857 4096 24847 

30 12257 27013 8199 18182 20431 15357 7763 3491 24846 6182 18010 25888 
25407 25088 21588 16819 28637 24389 11216 5543 4135 7475 8609 22226 
24673 27255 1489 15644 21618 13285 6198 12085 18071 14682 13139 1415 
17807 17061 13474 13119 22434 6677 16352 23720 8083 6895 18930 28697 
24175 21438 5025 13598 6340 30086 17974 12976 25371 28537 22086 10711 

35 5962 18451 3617 1645 16773 18011 7668 8086 8075 8073 8445 11782 
19317 25997 25868 20481 23914 23917 23120 14111 3590 15442 9295 27636 
li966 7992 8095 14960 27986 24824 1538 25046 30318 28351 15917 9687 
10435 9187 20535 1599 24522 2542 19104 16153 2680 23937 14540 15961 
12126. 2020 20693 26760 11857 1513 11794 4643 16921 21899 17288 2017 

40 7349 8476 19382 17169 13154 10448 913 11040 20243 13186 13142 13116 
13151 1753 14453 6037 6586 21167 17127 7728 14141 9472 14953 15731 
20138 20246 20354 13399 981 20198 796 1710 7487 1596 20288 723 

1471 11035 28184 28181 28156 28190 28189 28844 27928 17042 4772 1151 
24320 18465 13396 9570 20364 21253 20359 21250 20323 20157 20202 20153 

45 20158 20240 20356 20260 20257 20162 20255 20326 20367 20331 20208 20317 
20320 2605 2709 2716 2713 2615 2610 3587 3586 20193 797 20196 
20290 20164 2550 30289 13056 28817 10607 29043 26783 29075 28947 28944 
29964 26807 29192 1681 13082 7027 14335 25964 11058 4240 18756 14942 
12023 15451 27741 17482 27091 12350 20736 5974 1126 25128 13028 27746 

50 22847 22159 1639 13191 1751 13053 13124 13184 1643 20287 27063 7593 
15102 29000 8297 7129 12975 20523 17084 22500 3163 1310 13081 1504 
18430 25198 25679 25678 25106 25248 25175 25169 25255 25181 18459 18461 
18435 25396 25394 25329 25362 25335 25320 25282 25263 25325 28975 14262 

4747 28996 28999 16645 22944 8114 27237 13113 13084 13115 28318 13059 
55 13194 13147 13187 13145 13033 13086 13031 13189 1809 25865 14139 15466 

4851 1603 1633 1635 20284 20292 1747 1670 1748 1674 11704 14332 
15281 28967 29044 12730 29730 7399 1708 9253 
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409:13427 23058 5243 11587 23453 12652 21459 6252 7672 2947 5347 2102 
5688 25571 26365 10626 27508 18241 12440 12814 19050 23328 2423 8167 
4061 29223 10487 30179 8917 30231 2636 26203 18152 10949 28873 5376 
3157 16589 21681 25670 30177 16958 8840 18876 19876 12650 29394 16675 

5 15087 25201 4368 12753 6475 7056 17215 24280 20601 22335 8505 25901 
21973 4263 28089 16284 24470 19929 22991 17198 8765 21482 13324 3652 
17262 5517 4750 15168 2054 9507 4111 27757 20646 14592 19951 27118 
11142 15189 9637 14837 20735 12436 4064 30293 18039 24028 1259 3440 
10545 7446 25216 4415 11879 27148 26516 

10 410:17488 14670 25907 13589 14392 28308 12688 3967 27108 3325 11903 27253 
24850 14090 16633 5804 8233 11276 

411:23960 23994 23991 24179 24180 24076 24118 24146 24149 24030 24181 24184 
24209 24210 24213 24217 24110 24232 24034 24105 24236 24238 23998 24071 
23989 24241 23996 24178 24037 24027 19800 24996 29453 11999 10858 30053 

15 28316 7212 16755 20729 22270 7627 11355 12504 27348 20733 28622 3242 
5744 13159 7477 4347 10410 10411 11339 10413 18220 15424 23615 717 

719 19472 26754 20123 11575 29990 17924 26612 26213 26212 26210 14807 
412:14671 15692 15987 22073 5813 23395 3235 19033 861 4626 2988 10228 

766 6195 16805 18479 
20 413: 12549 18187 6723 6893 30215 24496 11543 17447 19279 30095 26452 14203 

8981 10294 25217 11910 25862 23600 25330 18729 1209 22132 7771 19809 
19840 1324 7421 28894 24897 15572 10412 10385 4017 10179 7291 7330 
15721 3227 9290 4031 22627 22621 1295 23614 16939 1294 13096 14594 
10826 23830 9875 14458 6600 11620 4115 7279 29579 6250 14102 12301 

25 24256 18504 3243 18239 21132 24871 24482 9462 30400 27319 12028 23195 
2195 2112 19258 27367 11902 1380 4207 1377 28739 28780 2560 2251 
8457 30203 20391 27431 2912 11442 14775 24603 20302 20411 25165 16179 

11959 10309 22529 14726 13772 6477 20236 5695 5369 19255 25035 28140 
25754 13122 17090 17088 19199 21934 19434 16556 7415 27702 23319 8854 

30 16044 22249 28264 10440 27671 28727 1022 26381 29304 1004 23153 27331 
14795 14064 30180 5439 7076 20788 2578 20541 6750 7219 17952 17206 

2016 29825 10673 2098 19307 28535 16396 19692 29355 23257 11756 8181 
25454 3487 3490 7146 4986 21626 17743 17657 4306 30116 15904 22714 
20998 23432 15302 14276 17895 11156 12032 30445 29816 989 26655 26656 

35 24099 24101 4219 4218 28402 28336 2249 23351 961 3797 24100 1464 
28397 24921 20495 25816 3359 13439 28969 9704 19131 19554 28472 19193 

6493 3128 24287 29398 8945 29802 23794 9455 8508 6576 6785 21286 
8869 9559 8824 8823 6225 1015 9878 30412 29319 16475 21186 13968 

10743 12132 10002 14558 15461 11653 11655 27592 8987 9015 26600 22337 
40 29254 16672 5661 23871 27946 8717 16536 2729 7175 6458 2730 19886 

19884 26668 26666 3562 28005 27490 27944 22845 6463 4095 3000 14154 
9000 3542 3458 17748 7558 5488 12500 8528 15560 7439 6739 3611 

19323 25663 28683 6590 776 21017 21203 12649 14927 12693 14937 23123 
15889 27918 14923 24230 11753 4148 19106 20058 6880 12738 10316 10405 

45 28971 11945 21707 8901 17579 11315 15603 14965 11951 15789 27908 11068 
25881 15610 8857 28019 30319 22677 9164 26279 23628 22792 12255 11290 
20508 27661 13605 10261 22573 22577 22576 23487 16010 10061 24578 9544 
26041 13967 27940 22051 7263 9033 29592 6788 16551 16002 10443 15858 
15862 10300 15860 28315 8379 15207 15167 15170 15140 15137 15173 26987 

50 16524 14204 14211 12261 18209 977 30115 10746 17054 11609 10585 22918 
22916 22982 23033 28626 24555 25261 25520 9166 10297 30131 9872 8915 

9272 5608 22842 11082 13193 1660 11466 13161 10196 10255 8292 24977 
19456 24387 16983 25788 17307 14298 23921 24520 11546 15021 3035 19122 
22397 8387 30428 12614 18816 29994 29186 22807 27437 26000 24509 24477 

55 24511 24515 24517 8909 9968 19447 10561 19507 16661 12928 29264 5409 
15284 8889 19268 27219 27217 26835 27423 26663 25782 8129 26565 7796 
19841 28880 20239 27075 
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414:28852 15638 17009 6683 16039 5647 28427 890 18228 6105 16172 1771 
7145 10622 6022 2613 28259 29515 4357 8326 19653 12830 12478 401 
8441 9141 18198 4527 17869 26532 24923 21211 976 17092 7122 1167 
4885 8002 20762 23274 20547 25649 19161 10754 5179 6465 25364 3395 

5 27640 24980 7840 29738 12477 17516 9474 3936 16980 19557 13703 16878 
22607 25235 13904 13250 1047 13392 6129 30257 6509 24453 23187 26194 
21355 11222 26605 6397 13313 10666 3577 8479 14823 11666 18856 30297 
14116 7827 22359 7791 20046 25765 1385 26631 19200 21539 19116 28056 
23396 16713 5651 23317 14513 25124 16180 15307 17556 27259 14768 8865 

10 13696 18699 19395 11033 12605 28945 17006 16032 9880 24412 28474 25974 
22541 22540 30368 30401 19370 14995 2369 13973 18212 11309 9695 9324 
22518 23300 4831 3345 2257 9702 21449 18968 3503 24702 1266 12286 
11393 21501 6804 25638 15689 21091 28116 20314 13050 13353 12953 19169 
27681 25991 3553 27783 8863 21558 6432 3585 19009 8984 22488 28425 

15 28372 20493 14706 15432 28301 15697 7947 22520 22749 20146 29086 25985 
2650 29707 21537 20350 20618 16287 14042 7804 18046 6176 14412 27806 

22536 22090 4038 16872 2541 6592 15938 11702 17508 17510 1422 3635 
11694 14189 10388 2142 27706 23269 4150 9767 6994 9838 24831 1730 
11855 4622 16400 4426 4456 18745 20869 24274 21316 5871 27263 25036 

20 7801 14267 16965 24586 22741 28908 11729 22455 18739 22464 18763 22467 
22487 22460 18762 22485 11693 18710 3193 13348 28870 15039 5551 7913 
29439 9149 17075 30460 4848 2262 19771 25640 23109 12887 6142 23733 

3666 27756 935 4843 28791 4284 30126 10081 15981 2415 2416 27851 
7565 5901 20829 13698 14604 21706 23400 14418 24020 25799 14956 20528 

25 26397 9627 20378 14290 1395 21176 19132 19806 6002 24924 8295 26523 
1011 22939 22968 4602 13284 18049 22528 6267 9857 4757 6118 6053 

19156 17418 617 10776 27467 18329 24475 12655 22088 13133 6137 5743 
27955 11718 15232 14150 11737 12375 11728 11641 27323 4620 2147 4967 
23049 25416 5541 15260 11047 13972 13504 1010 21041 4417 29749 5930 

30 15783 7966 3003 29823 14759 19481 2779 27454 11537 22341 2883 5343 
22493 22883 2906 6396 13663 1168 5729 5011 15171 22085 10262 16959 

5150 12512 23940 15464 18548 14054 26616 19834 18053 8873 13448 25370 
2302 14364 11270 11233 13513 17598 22425 8667 17594 22908 30151 17923 

19013 8955 27899 5428 27481 4282 14393 25953 8707 1438 11011 2360 
35 28214 3380 14004 21652 12442 9823 14608 16151 11314 7692 14481 9809 

27621 28389 28913 7821 28912 11698 2786 16182 30108 28226 24310 8954 
15550 28017 4008 20628 24450 3536 13603 28797 25921 4473 20625 3147 
14413 21089 1539 23569 18521 14704 5831 22134 24936 18035 28480 4546 

799 27117 11365 4143 8899 30102 4689 18234 15735 3232 7395 27043 
40 14845 3725 12816 20902 25355 16212 16823 17436 25565 29860 3294 21972 

20025 11084 27638 24113 3434 28595 12042 3002 14802 8280 22114 13288 
7247 4188 30324 18791 1552 23915 25341 12470 16139 16135 21623 24776 

28775 28055 25677 28940 10264 27627 12480 27628 27654 28416 27817 3098 
3450 17563 11696 665 3712 28774 28052 28795 3710 19046 28803 28004 

45 6823 1100 1745 28059 28007 28831 28821 28828 1056 27973 28011 7917 
20110 20111 11689 11660 11656 11688 11735 11691 11734 28885 28886 15549 
12475 8397 11726 11727 25525 28800 28802 28050 28794 27983 28773 10507 

889 7932 9202 9772 25449 6644 9821 21194 13207 13099 16098 13238 
15967 1671 26108 27788 26849 28704 24124 16660 25348 3363 1759 8750 

50 22058 17197 12031 19854 4329 8752 12335 8926 14096 3870 2640 22222 
21042 12635 6801 13076 815 3102 19128 28443 23255 10003 24550 8193 
18024 18913 10475 20706 29365 8732 25064 7381 7862 4280 4387 4315 

4275 4360 4233 4358 4229 4277 11738 22193 18443 28274 3364 3396 
3402 3399 28914 4375 12215 4677 12631 11664 11654 11663 11652 11499 

55 11496 11455 11509 11459 11454 16704 19282 16740 27227 11740 6436 10899 
19172 8486 5666 21822 29680 23925 30438 26094 23888 23957 21627 4202 

4162 4205 4199 4164 9176 2146 12300 
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415:15090 9360 19558 17391 10057 17102 15552 29057 1555 15910 6334 
416:23286 11758 1274 8225 27981 25684 25757 16457 16452 1391 12214 23260 

23289 1744 11105 11360 5199 25720 25688 14705 6709 6649 16261 22979 
22977 16994 16270 2059 2009 16265 20642 23803 20644 15180 15175 4941 

5 4914 3758 4703 4713 16785 10080 16509 27451 6582 12093 3831 1155 
9438 17429 4505 9638 12510 11369 12332 11407 12298 12366 12270 11488 

11530 12277 12432 12339 12269 17458 17460 19786 19822 21082 19790 19696 
19761 19793 19758 19719 19935 19903 19827 19930 19868 21151 21148 21112 
19763 21144 19928 3788 4668 4665 4699 4673 16783 4824 16782 6878 

10 6991 6910 6932 6936 6940 5992 4628 3791 4740 4743 26710 23228 
28484 14653 14703 17093 15617 15646 15668 15641 15642 15670 15639 22762 
13093 20149 2079 4751 4775 4982 6024 6061 6868 16810 4978 6837 

5982 6907 26794 25144 24355 5247 3727 3754 16757 3755 3784 3787 
4632 4659 4662 4707 4746 4749 4830 4834 4879 4909 4907 4912 

15 4944 4945 4980 5768 5792 5829 5862 5899 5895 5938 5942 5975 
5986 6059 6091 6093 6099 6869 6897 6902 6942 6961 6964 6969 
3748' 3751 25626 18897 18900 11659 3110 1332 23097 27977 1190 15240 
5284 5204 5307 5306 5310 5201 5331 5329 5234 5232 5226 5278 
5236 5239 5277 10149 2306 12349 27947 19479 19484 25020 24994 14113 

20 14253 14109 14251 14282 15069 14138 30160 14321 14278 19566 14326 14195 
19682 14068 14161 29739 10181 17666 10210 17706 17711 17670 1768i 23292 
16447 13249 28736 13813 4269 8971 24172 10784 6621 6581 21799 28030 
14647 5282 27990 28015 16419 5909 5945 6619 6614 14800 17524 28146 
21825 21826 8124 8126 8159 8214 28025 28023 28020 8218 8196 30192 

25 4794 15242 2511 14452 25359 13419 1836 2576 16666 1428 1423 19836 
1910 7820 10218 20683 29045 6026 6025 16449 4481 14869 10745 11813 

20059 22400 11648 7691 16414 8183 16455 16412 16460 13181 2994 2965 
26527 16462 11863 7168 20675 16443 20678 967 17461 2509 11502 7375 
17492 28280 6553 17455 2264 16409 16416 16418 16407 16444 4844 14779 

30 20794 12379 7963 19990 15714 670 11705 25327 26672 28323 23256 17560 
18542 22080 13354 13352 21460 21463 3023 16390 14532 29577 29581 29580 
29552 29576 29541 8329 6616 6645 6642 16406 5279 20860 3939 8558 

3973 4297 17449 19743 8597 25495 25466 23522 22778 809 27528 1300 
23760 29578 25760 25761 20932 11894 20864 9396 3800 15568 9826 11866 

35 20815 26007 7525 8113 8080 19979 20833 20882 19973 20991 20988 21040 
20992 20962 20958 20922 20875 7061 20135 14531 6555 3548 3465 3461 
21597 21821 7008 19716 7001 19725 13816 19729 19765 25693 21823 15215 

4827 5081 20680 8119 12128 7002 5206 25110 5305 16506 4866 4872 
4875 4869 1977 15074 15072 15105 23221 23227 18915 6585 4781 15238 

40 28000 27811 27816 27832 27962 27900 27901 27903 27966 27969 27994 27907 
27909 27835 27840 27842 27865 27870 27873 27877 27808 27809 27810 27999 
27925 27926 27879 27930 28002 27935 27938 27998 27958 27959 9095 3804 
22867 17450 483 482 417 4731 

417:23286 11758 1274 8225 27981 25684 25757 16457 16452 1391 12214 23260 
45 23289 1744 11105 11360 5199 25720 25688 14705 6709 6649 16261 22979 

22977 16994 16270 2059 2009 16265 20642 23803 20644 15180 15175 4941 
4914 3758 4703 4713 16785 10080 16509 27451 6582 12093 3831 1155 
9438 17429 4505 9638 12510 11369 12332 11407 12298 12366 12270 11488 

11530 12277 12432 12339 12269 17458 17460 19786 19822 21082 19790 19696 
50 19761 19793 19758 19719 19935 19903 19827 19930 19868 21151 21148 21112 

19763 21144 19928 3788 4668 4665 4699 4673 16783 4824 16782 6878 
6991 6910 6932 6936 6940 5992 4628 3791 4740 4743 26710 23228 

28484 14653 14703 17093 15617 15646 15668 15641 15642 15670 15639 22762 
13093 20149 2079 4751 4775 4982 6024 6061 6868 16810 4978 6837 

55 5982 6907 26794 25144 24355 5247 3727 3754 16757 3755 3784 3787 
4632 4659 4662 4707 4746 4749 4830 4834 4879 4909 4907 4912 
4944 4945 4980 5768 5792 5829 5862 5899 5895 5938 5942 5975 
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