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Example 3 

Transformation of ABICyanol with a p6.8 kb Based Shuttle Vector 

[002041 The endogenous 6.8 kb plasmid of ABICyanol was used as a means of shuttling 

exogenous DNA to cyanobacterial host cells. By inserting an origin of replication that is 

effective in E. coli (such as R6KOri), the p6.8 kb plasmid DNA was able to be manipulated in 

bacteria, such as E. coli, to incorporate genes and sequences of interest into a recombinant p6.8 

kb. For example, modifications to decrease the effectiveness of endogenous restriction systems 

that are present in ABTCyano 1, such as methylation, were performed. 

[00205] The presence of the endogenous origin of replication on the p6.8 plasmid allowed 

for replication of the recombinant p6.8 kb once it was transferred into a host cell. In some 

instances, multiple cloning sites were be added to allow for several different antibiotic resistance 

genes to be added, if desired. Multiple cloning sites were also inserted, for example, to allow for 

ease of insertion of various expression cassettes. In this way, various sequence segments of the 

plasmid could be replaced with other sequence segments as needed. 

Example 4 

Competent ABICyanol Cells for Transformation by Coniugation 

[00206] The following method was used to decrease the EPS layer of the strain 

Cyanobacterium sp. ABICyanol prior to conjugation. The method involved several steps: 

treatment of cells with NAC, washing steps that utilize NaCl, treatment with lysozyme, and 

subsequent washing followed by a conjugation procedure. 

[00207] Two hundred mL of an exponentially growing culture (OD7sonm greater than about 

0.5 and less than about 10) was incubated with NAC for 2 days at 16 °C (end concentration of 

NAC is about 0.1 mg/mL) without shaking. This pretreatment was followed by several steps to 

degrade the EPS and to weaken the cell wall. The pretreated culture was pelleted at 4,400 rpm 

and washed with 0.9% NaCl containing 8 mM EDTA. 

[00208] For further treatment with lysozyme, the cell pellet was resuspended in 0.5 M 

sucrose and incubated 60 minutes at room temperature (RT) with slow shaking (85 rpm). Cells 

were then centrifuged and resuspended in 40 mL of a solution containing 50mM Tris (pH 8.0), 

10 mM EDTA (pH 8.0), 4% sucrose, and 20-40 µg/mL lysozyme. After incubation at room 

temperature for 10-15 minutes, cells were centrifuged and washed three times using different 
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washing solutions; i) 30 mM Tris containing 4% sucrose and 1 mM EDT A; ii) 100 mM Tris 

containing 2 % sucrose; and iii) BGl 1 medium. All centrifugation steps before lysozyme 

treatment were performed at 4,400 rpm for 10 minutes at 10 °C. All centrifugation steps after the 

lysozyme treatment were performed at 2,400 rpm for 5 minutes at 4 °C. Resuspended cells were 

used for conjugation. 

Example 5 

Transformation of ABICyanol by Conjugation 

[00209] Gene transfer to ABICyanol (using modified plasmids containing oriVT) was 

performed using conjugation. The shuttle vectors were transformed into ABICyanol following a 

modified conjugation protocol which includes the pretreatment of ABICyanol to reduce its EPS 

layer as described in the above example. 

[00210] Triparental mating was performed as follows: J;,'. coli strain J53 bearing a 

conjugative RP4 plasmid and E. coli strain HB 101 bearing the cargo to be introduced into 

ABICyanol and the pRL528 helper plasmid (for in vivo methylation) were used. E. coli strains 

were grown in LB broth supplemented with the appropriate antibiotic overnight at 37 °C with 

shaking at 100 rpm. An aliquot of 3 - 5 mL of each culture was centrifuged, washed twice with 

LB medium and resuspended in 200 µLLB medium. Subsequently, the E. coli strains were 

mixed, centrifuged and resuspended in 100 µL BG 11 medium. Two hundred mL of 

exponentially growing cyanobacterial culture (OD7sonm of greater than 0. 5 and less than 1.0) was 

centrifuged (3,000 rpm, 10 min), pretreated to degrade the EPS layer as described above in 

Example 4, and subsequently washed and resuspended in 400 µL BGl 1 culture medium 

containing Tris/sucrose buffer. A 100 µL aliquot of resuspended cyanobacterial and E. coli 

cultures was mixed and applied onto a membrane filter (Millipore GVWP, 0.22 µm pore size) 

placed on the surface of solid BG 11 medium supplemented with 5% LB. Petri dishes were 

incubated under dim light (5 µE m-2 s-1
) for 2 days. Cells were then resuspended in fresh BGl 1 

medium and plated onto selective medium containing 10 and 15 µg/mL kanamycin, respectively. 

The following selection conditions were used: light intensity of approximately 20 - 40 µE m-2 s-1 

at a temperature of approximately 28 °C. Transformants were visible after approximately 7-10 

days. The transformant colonies were then plated on BG 11 media containing 15 µg/mL 
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kanamycin and then transferred stepwise to higher kanamycin concentrations (up to 60 µg/mL) 

to aid in the selection process. 

[00211] 

Example 6 

Transformation of ABICyanol by Electroporation 

Electroporation can also be used for successful transformation of 

Cyanobacterium sp. ABICyanol, or other strains such as Arthrmpira, Synechococcus, and 

Synechocystis, using, for example, the same plasmids as for conjugation, but with lower 

efficiency. 

[00212] As with the conjugation transformation protocol (above), strain-specific 

adaptations of standard electroporation protocols can be made to avoid DNA digestion by 

endogenous restriction enzymes and to allow DNA entry through the EPS layer. To achieve 

successful electroporation, DNA is protected against endogenous restriction enzymes by 

methylation. Prior to electroporation, ABICyanol cells are pretreated with positively charged 

polyaminoacids such as poly-L-lysine hydrobromide or poly-L-omithine hydrochloride or 

combinations thereof (in particular poly-L-lysine hydrobromide) in order to increase the DNA 

uptake efficiency. 

[00213] As an example, a one hundred mL aliquot of exponentially growing ABICyanol 

culture (corresponding to a cell density of approximately 2x107 cells/mL), was harvested, 

washed and resuspended in 0.9 % NaCl containing 25 mM Tris-HCl (pH 8.0). Poly-L-lysine 

hydrobromide was added to the resuspended cells to obtain a final concentration of 50 µg/mL. 

ABTCyano 1 cells were then incubated for several hours or overnight before electroporation. 

[00214] In a typical procedure, 50 mL of poly-L-lysine hydrobromide treated ABICyanol 

cells were harvested and treated with 30 mL ice-cold BGl 1 containing 6% DMSO. After 

incubation on ice for 20 minutes, cells were harvested and frozen in liquid nitrogen for 15 

minutes. These pre-frozen cells were thawed by adding 15 mL ice-cold buffer containing 1 mM 

HEPES (pH7.5), 0.2 mM K2HPO4 and 0.2 mM MgCh. The cells were washed sequentially once 

more with I mM HEPES and ETMT buffer containing 0.1 mM HEPES, 0.2 mM K2HPO4 and 

0.2 mM MgCh. The cells were harvested by centrifugation at 15,000 x g for 5 minutes. All of the 

washes and centrifugations were carried out on ice or in a pre-chilled centrifuge ( 4 °C). For each 

electroporation procedure, 3 µg methylated DNA was added to 100 µL of concentrated cells. 
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Cells were electroporated in a cuvette with a 2 mm gap between the electrodes and pulsed once 

in a Gene Pulse X-cell (Bio-Rad) using an exponential decay protocol ( electric field strength of 8 

kV/cm, capacitance of 25 µF, resistance of 400 ohms, for a time of approximately 8-9 ms). After 

electroporation, 1-2 mL BG 11 medium was immediately added to the cyanobacterial suspension, 

which was subsequently transferred to a 50 mL flask containing 15 mL fresh BGl 1 medium. 

After incubation for 1- 2 days under normal light (30 - 40 µE m·2 s"1
) with gentle shaking at 30 

°C, recovered cultures were centrifuged, resuspended in 500 µL BG 11 medium and placed onto 

selective media (BG 11 containing 20 µg/mL Km or 40-60 µg/mL of spectinomycin). 

Example 7 

Transformation of Arthrospira platensis PCC9108 by Coniugation 

[002151 Gene transfer to Arthrospira platensis PCC9108 (using modified plasmids 

containing oriVT) was performed using conjugation. Biparental mating was performed as 

follows: E. coli strain EC 1 00DC bearing a modified conjugative RP4 plasmid (pRL443), the 

cargo plasmid to be introduced into Arthrospira platensis and the pRL528 helper plasmid (for in 

vivo methylation) was used. The E. coli strain was grown in LB broth supplemented with the 

appropriate antibiotics overnight at 37 °C with shaking at 100 rpm. The t,·. coli culture was 

centrifuged, washed twice with Zarrouk's medium and resuspended in 100 µL Zarrouk's 

medium. 10 mL of a late exponentially growing Arthrospira platensis culture (OD750mn between 

0.5 and 1.0) was centrifuged (3,000 rpm, 10 min), washed and resuspended in 200 µL Zarrouk's 

medium. A 100 µL aliquot of resuspended cyanobacterial and E. coli cultures was then mixed 

and incubated under dim light (5 µE m·2 s·1
) for 2-3 days. Cells were then plated onto selective 

Zarrouk's plates containing 10 µg/mL zeocin, respectively. The following selection conditions 

were used: light intensity of approximately 10 - 20 µE m·2 s·1 at a temperature of approximately 

28 °C. Transformants were visible after approximately 7-14 days. The transformant colonies 

were then transferred onto fresh Zarrouk's plates containing 30 µg/mL zeocin and then 

transferred stepwise to higher zeocin concentrations (up to 100 µg/mL) to aid in the selection 

process. 
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Example 8 

Expression of a Svnechocvstis PCC 6803 Heme-containing Protein Cyanoglobin (GlbN) in 

Cyanobacterium sp. ABICyanol 

[00216] The cyanoglobin (glbN) gene from Synechocystis PCC 6803 (SEQ ID NO: 11 ), 

which was codon optimized for optimal expression, was inserted to the p6.8 modified 

endogenous plasmid of Cyanobacterium sp. ABICyanol, under the control of an endogenous 

zinc-inducible smtA promoter. This created a 10,340 bp construct which was designated 

#2887\pABTCyano 1 _ 6.8: :PsmtA-glbN_ S6803(ABTCyano 1 opt)-TpsaB, as shown in the plasmid 

map in FIG. 5, and present in Table 3 as Construct #2887, strain AB 1307. The plasmid was 

transformed to Cyanobaclerium sp. ABICyanol following the methods described in Examples 3-

5. 

[00217] Transformed cells were then grown in culture medium and examined for 

cyanoglobin production under varied zinc concentrations. The cells were isolated from the 

medium, and protein extracts were separated on a 16% native PAGE and stained with Coomassie 

Brilliant Blue. Expression of the cyanoglobin protein (arrow) was induced with 20 µM zinc 

sulfate, as shown in FIG. 15. The protein gel shows that because of the zinc-inducible promoter, 

expression of the Synechocystis cyanoglobin did not begin until zinc was added to the medium. 

Example 9 

Additional Genetic Modification with an Inducible sRNA 

[00218] In order to determine if one could increase the heme-containing protein 

production by lowering the level of the endogenous heme oxygenase enzyme in cyanobacterial 

cells (and thus divert heme production away from phycobilin production and towards production 

of the heme-containing protein), the following genetic modification was designed. An anti sense 

construct (SEQ ID NO: 16) that targets the nucleic acid that encodes heme oxygenase, operably 

linked to an inducible promoter, was inserted into the plasmid. Upon induction, the antisense 

sRNA lessened the presence of heme oxygenase, causing a higher content of the heme groups to 

be available to bind to the heterologous heme-containing protein being expressed in the 

cyanobacteria. This resulted in higher production of the mature heme-protein complex (See 

Example 10, below). 

49 



Motif Exhibit 1150, Page 1331 of 1599

Case No.: IPR2023-00208 
U.S. Patent No. 11,224,241

WO 2019/079135 PCT/US2018/055785 

[00219] Alternatively, the inducible sRNA is designed to increase the flux through the 

ferrochelatase. An increased flux through the ferrochelatase is accomplished by different means 

such as, for example, a knockdown of the gene encoding magnesium chelatase (MgCh), the 

overexpression offerrochelatase (FeCh), the knockdown of gun4 (MgCh activator), a 

gun4(Wl 92A) mutation, magnesium-starvation, iron supplementation, or nitrogen-starvation. 

Example 10 

Production of Synechocvstis PCC 6803 Heme-containing Protein Cyanoglobin (GlbN) 

Increased by Decreasing the Level of Heme Oxygenase in the Cell 

[00220] To determine whether the host cyanobacterial cells were able to produce more 

heme-containing protein when the level of the heme oxygenase ABICyano 1. l _ orf29000 was 

genetically reduced in the host cell, the following experiment was performed. An anti-HOl 

sRNA construct #2890\ pABICyano1_6.8::PsmtA-glbN_S6803(ABICyanolopt)-TpsaB-PnirA'­

anti _ HO 1 _ v 1 (SEQ ID NO: 16) was prepared in order to inducibly decrease the heme oxygenase 

level in the cell. The plasmid is present in Table 3 as Construct #2890, strain AB1310. The 

sRNA sequence was placed upstream of the gene encoding the heme-containing protein, having 

its own endogenous nitrate-inducible promoter from Cyanobacterium sp. ABICyanol. 

[00221] The cells were transformed with the plasmid construct, and were then grown in 

culture medium. Cells were isolated from the medium, and the protein was extracted from the 

cell material. The protein extracts were separated on a 16% native PAGE and stained with 

Coomassie Brilliant Blue (FIG. 16). The data shows that when nitrate was added to the culture 

to induce production of the anti-heme oxygenase sRNA, less heme oxygenase and thereby more 

heme-containing protein was produced (black arrow, right lane, FIG. 16). 

Example 11 

Expression of Leghemoglobin C2 from Soybean in Cvanobacterium sp. ABICyanol 

[00222J To demonstrate that plant-derived leghemoglobin proteins can be produced in 

cyanobacteria, the following experiment was performed. The leghemoglobin C2 gene from 

soybean (SEQ ID NO: 1) was codon optimized (SEQ ID NO: 2) for optimal expression in 

Cyanobacterium sp. ABICyanol. The gene was placed under the control of an endogenous zinc­

inducible smtA promoter on the p6.8 modified endogenous ABICyanol plasmid. 
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[00223] The plasmid also encoded an sRNA directed against the ribosomal binding site of 

the heme oxygenase ABICyanol.l_orf29000, under control of the endogenous nitrate-inducible 

promoter from Cyanobacterium sp. ABICyanol. This resulted in a 10,456 bp plasmid designated 

as #2889\pABICyanol _ 6.8: :PsmtA-legH _ GmC2(ABICyanolopt)-TpsaB-PnirA'-anti_ HOl _ vl, 

as shown in Table 3 as Construct #2889, strain AB 1309, and in the plasmid map in FIG. 7. The 

plasmid was then transformed to Cyanobacterium sp. ABICyanol following the methods 

described in Examples 3-5. 

[00224] Transformed cells were then grown in culture medium and examined for 

leghemoglobin production under various induction conditions. Protein extracts were separated 

by denaturing electrophoresis on a 16% Tricine-SDS-PAGE including 6 M urea and subjected to 

a Coomassie Brilliant Blue staining. 

[00225] The protein gel (FIG. 1 7) demonstrated that the zinc-inducible promoter delayed 

expression of the soybean leghemoglobin C2 protein (arrow) until zinc was added to the 

medium. Upon addition of zinc, the leghemoglobin was produced. Upon addition of nitrate, the 

sRNA against heme oxygenase was also induced. The combination of the induction of the 

leghemoglobin gene and the anti-heme oxygenase sRNA resulted in strong production of the 

leghemoglobin protein. 

Example 12 

A Stronger Promoter and Multiple Copies of the Gene Encoding the Heme-containing 

Protein on the Plasmid Construct Increased Protein Production 

[00226] Constructs #2942 and #3022, strains AB 1336 and AB4005: The cyanoglobin 

(glbN) gene from Synechocystis strain PCC 6803 (SEQ ID NO: 11 ), which was codon optimized 

for optimal expression, was inserted to the p6.8 modified endogenous plasmid of 

Cyanobacterium sp. ABICyanol, following the method described in the above example, except 

that the cyanoglobin gene was placed under the regulatory control of an endogenous, strong 

constitutive promoter PcpcB, rather than an inducible smtA promoter. The plasmid #2942\ 

pABICyanol _ 6.8: :PcpcB-glbN_S6803(ABICyanolopt)-TpsaB-Porf0316'-anti_ HO 1 _ vl allowed 

constitutive and high expression of the glbN gene during the full length of the culture growth. 

This was found to result in greater cyanoglobin production per day. 
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[00227] The p6.8 plasmid that carried the heterologous gene is generally present in many 

copies per cell. However, in order to maximize production of the heterologous heme-containing 

protein, an additional construct #3022\ pABICyano 1 _ 6.8: :PcpcB-glbN_ S6803(ABICyano 1 opt)­

TpsaB-PcpcB-glbN_ S6803 ( ABICyano 1opt)-TpsaB-Porf0316'-anti _ HO 1 _ v 1 (SEQ ID NO: 5 8) 

was created that has two copies of the gene encoding the cyanoglobin glbN protein, each with its 

own PcpcB promoter. Both plasmids encode the anti-HO! sRNA sequence downstream of the 

endogenous copper-inducible promoter from Cyanobacterium sp. ABICyanol. 

[00228] The plasmids were transformed to Cyanohacterium sp. ABTCyano 1 following the 

method described in Examples 3-5. The cells were then grown in culture medium. Cells were 

isolated from the medium, and the protein was extracted from the cell material. Protein extracts 

were separated by denaturing electrophoresis on a 16% Tricine-SDS-PAGE including 6 M urea. 

The protein gel of FIG. 18A was unstained, and the heme-containing protein can be seen as a 

reddish band. FIG. 18B shows a duplicate protein gel, which was subjected to Coomassie 

Brilliant Blue stain to visualize the total proteins. 

[00229] The data show that by using a stronger promoter and two sets of heme protein 

genes, more protein is made. Further, when copper was added to induce production of the sRNA 

fragment, less heme oxygenase was produced and thereby more heme-containing protein was 

produced (FIG. 18A and FIG. 18B). 

Example 13 

Generation of a Phycocyanin-deficient Cyanobacterial Strain 

[00230] The Cyanohacterium sp. ABTCyano 1 strain was grown under high-light stress in 

order to isolate derivatives with altered phycocyanin expression. The applied conditions were as 

follows: a BG 11-agar plate with a cell lawn of ABICyanol was exposed to high-light (3,000 µE 

m·2 s·1
) for 90 minutes, resulting in a cell death rate of about 99.99 %. Individual colonies that 

survived the treatment were picked and patched onto new plates for later characterization. UV­

VIS absorbance spectra from individual isolates identified cell lines with reduced phycocyanin 

content. FIG. 19 shows the absorbance spectrum of one of the isolated pale green cell lines, 

designated #AB0492, in comparison with the absorbance spectrum of wild type cells. Genome 

sequencing of the strain #AB0492 revealed that a spontaneous deletion within the cpcA gene was 

the cause of the phycocyanin-deficient phenotype. 
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Example 14 

Expression of the Heme-containing Protein in a Phycocyanin-deficient Background 

roo231 l Constructs #2942 and #3022, strains AB4011 and AB4012: To determine whether 

several gene modifications would work together to improve heterologous heme production even 

further, a construct was created that had constitutive expression of codon-optimized cyanoglobin 

from Synechocystis sp. PCC6803 (2 copies in tandem) and copper inducible sRNA knockdown 

of heme oxygenase ABICyano 1.1 _ orf29000. 

[00232] To determine whether more heme-containing protein would be made if the 

heterologous gene encoding the heme protein was inserted into a cell having a genetic 

phycocyanin deficiency (AB0492), the following method was used. The phycocyanin-deficient 

mutant host cell was prepared by the method described in the above example, and was then 

transformed with the two constructs #2942\pABICyano1_6.8::PcpcB­

glbN_S6803(ABICyanolopt)-TpsaB-Porf0316'-anti_HOl_vl (SEQ ID NO: 56) and 

#3022\pABICyano1_6.8::PcpcB-glbN_S6803(ABICyanolopt)-TpsaB-PcpcB­

glbN_S6803(ABICyanolopt)-TpsaB-Porf0316'-anti_HOl_v l (SEQ ID NO: 58). Both plasmids 

lead to constitutive expression of codon-optimized cyanoglobin from Synechocystis sp. PCC6803 

(1 and 2 copies in tandem) and a copper inducible sRNA knockdown of heme oxygenase 

ABICyano 1.1 _ orf29000. 

[00233] The production of the heme-containing protein was compared with that of host 

cells that had a normal amount of phycocyanin. The strains were grown in the absence and 

presence of 10 µM copper-EDTA to induce the knockdown of the heme oxygenase via anti-HO I 

sRNA. AB4011 has a single copy of the PcpcB-glbN_S6803, whereas AB4012 comprises two 

PcpcB-glbN_S6803 copies on the same plasmid. Protein extracts were separated on a 16% native 

PAGE and stained with Coomassie Brilliant Blue. 

[00234] The results (FIG. 20) show that expression of the cyanoglobin (glbN) gene from 

Synechocystis strain PCC 6803 in the ficpcA derivative AB4011 (Ix PcpcB-glbN) was generally 

lower compared to the expression in the phycocyanin-rich ABICyanol derivative AB1336. 

However, the copper-induced knockdown of the heme oxygenase in AB4011 had a much 

stronger effect on the expression of glbN, compared to the relatively mild effects of the heme 

oxygenase knockdown in AB 1336 on the glbN expression (FIG. 20). In alignment with this 

observation, AB4012 (2x PcpcB-glbN copies) expressed a significant amount of apo-GlbN 
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( cyanoglobin without heme), indicating a lack of sufficient heme caused by a potential higher 

turnover of heme via the heme oxygenase. By contrast, knockdown of the heme oxygenase in 

AB4012 resulted in strongly expressed and fully assembled heme protein. 

Example 15 

Expression of an Arthrospira platensis PCC 8005 Cyanoglobin (glbN) Gene in 

Cvanobacterium sp. ABICyanol 

[00235] Construct #2994, strain AB1364: A codon-optimized cyanoglobin (glbN) gene 

(SEQ ID NO: 14) from Arthrospira platensis PCC 8005 was inserted to the p6.8 modified 

endogenous plasmid of Cyanobacterium sp. ABICyanol, under the control of the endogenous 

constitutive promoter PcpcB. This created a 10491 bp construct which was designated 

#2994\pABICyano1_6.8::PcpcB-glbN_Ap8005(ABICyanolopt)-TpsaB, as shown in the plasmid 

map in FIG. 10. The plasmid was transformed into Cyanobacterium sp. ABICyanol following 

the methods described in Examples 3-5. 

[00236] Cell cultures were grown, and the cellular material was isolated. Protein extracts 

were prepared, separated on a 16% native PAGE, and stained with Coomassie Brilliant Blue 

(FIG. 21). The data shows that this modification resulted in constitutive and high expression of 

the glbN gene from Arthrospira platensis PCC 8005 during the full length of the culture growth 

(FIG. 21). 

Example 16 

Expression of an Arthrospira platensis Cyanoglobin (glbN) Gene in Arthrospira platensis 

PCC9108 

[00237] Construct #2949 (SEQ ID NO: 59), strain AB4041: The codon optimized 

cyanoglobin (glbN) gene from Arthrospira sp. PCC 8005 (SEQ ID NO: 14) was inserted into 

chromosome of Arthrospira platensis PCC9 l 08 via homologous recombination. The 

cyanoglobin gene was placed under the control of the endogenous constitutive promoter PcpcB 

from Arthrospira platensis PCC9108. The gene cassette was inserted into the chromosome of 

Arthrospira platensis PCC9108 via homologous recombination following the methods described 

in Examples 6-7. 

54 



Motif Exhibit 1150, Page 1336 of 1599

Case No.: IPR2023-00208 
U.S. Patent No. 11,224,241

WO 2019/079135 PCT/US2018/055785 

[00238] Construct #3057 (SEQ ID NO: 60), strains AB4065 and AB4066: In order to 

maximize production of the heterologous heme-containing protein, an additional construct 

#3057\ oriVT-nblA2 _ 2293 _ up-PcpcB 1918-glbN_ Ap8005-PcpcB 1918 _glbN_ Ap8005-TpsaB­

PrbcL2293-ble-TB 1002-nblA2 _ 2293 _ down was created that has two copies of the codon­

optimized gene encoding the cyanoglobin glbN proteinArthrospira sp. PCC 8005 (SEQ ID NO: 

14), each with its own PcpcB promoter from Arthrospira platensis PCC9 l 08. The gene cassette 

was inserted into chromosome ofArthrospira platensis PCC9108 and the derivative strain 

Arthrospira platensis AB 1298 via homologous recombination following the methods described 

in Examples 6-7. 

[00239] Cell cultures were grown in Zarrouk's medium and protein was extracted from the 

cells. The protein extracts (FIG. 22A and FIG. 22B) were separated on a 16% native PAGE. 

FIG. 22A is a photograph of the unstained protein gel. FIG. 22B is a photograph of an identical 

gel, stained with Coomassie Brilliant Blue to identify total protein. 

[00240] The results show the expression of the cyanoglobin (GlbN) protein from 

Arthrospira platensis PCC 8005 in Arthrospira platensis PCC9108 (AB404 l, AB4065) and the 

derivative strainArthrospiraplatensis AB1298 (AB4066). AB4041 has a single copy of the 

PcpcB-glbN_ Ap8005, whereas AB4065 and AB4066 comprise two PcpcB-glbN_ Ap8005 copies 

on the same plasmid. 

Example 17 

Purification of the Heme-containing Protein from Cyanobacterial Cells 

[00241] Cyanohacterium sp. ABICyanol strain AB4005 was grown in stirred 1 L 

photobioreactors (12/12 h day/night cycle) in artificial seawater, supplemented with BGl 1 trace 

elements and 100 µM Fe(II)NH4 sulfate. The pH was maintained at pH 7.3 by addition of 5 % 

CO2 on demand with a flow-rate of 20 - 40 ml/min. AB4005 exhibited constitutive expression of 

a codon-optimized cyanoglobin from Synechocystis sp. PCC6803 (2 copies in tandem). 10 µM 

CuEDTA was added to induce the sRNA knockdown of heme oxygenase 

ABICyanol.l_orf29000. 200 ml of the culture was harvested via centrifugation for preparation 

of a soluble protein extract (Tris-HCl pH 8.0, 10 mM EDTA, 10 mM sodium dithionite), 

followed by a concentration step with lOkDa centrifugal filters. 100 µL of the soluble protein 

concentrate was loaded on a 30 mL Sephacryl 100-HR gel filtration column driven by gravity 
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flow (FIG. 23A). Elution fractions El through E14 (FIG. 23B) were collected for further 

analysis. 

[002421 The eluted samples where then separated on a 16% native PAGE gel. A 

photograph of the unstained gel (showing the reddish-colored heme fractions) is shown in FIG. 

24A. A duplicate gel that has been stained with Coomassie Brilliant Blue stain to identify total 

protein is shown in FIG. 24B. The left lane of both gels is the control sample (water soluble 

extract; labeled "CE". 

Example 18 

Ouantitation and Analysis of Cyanobacterially-produced Heme-containing Protein 

[00243] Two methods can be used for determination of the concentration of heme-

containing proteins in the bulk extraction. One method is the use of absorbance spectroscopy 

with known extinction coet1icients. The ferric form of GlbN from Synechocystis strain PCC 6803 

has a main absorbance peak at 410 nm. In this way, one can determine the relative induction of 

the heme-containing protein in the induced versus either non-induced or wild type strains. 

[00244] As an example, FIG. 25 depicts the relative absorbance spectra of cell extracts 

from Cyanobacterium sp. ABICyanol expressing the cyanoglobin (GlbN) protein from 

Synechocystis strain PCC 6803. AB4005 contains two PcpcB-glbN copies in tandem and an 

inducible sRNA to knockdown expression of the heme oxygenase ABICyanol. l_orf29000. 

AB4005 cells were grown in either the absence or presence of 10 µM copper-EDT A to induce 

the anti-HOl sRNA. The absorbance peak at 410 nm (arrow) shows the ferric form of GlbN 

from Synechocystis strain PCC 6803. 

[00245] Another method of analysis involves heme staining following gel electrophoresis. 

This method is used to determine accumulation levels in producers since the heme component of 

heme-containing proteins remains bound to the protein as it migrates through the gel. Molecular 

weights of all heme proteins present can also be determined using this method. 

Example 19 

Scale-up of Modified Cyanobacteria to Produce Heme-containing Protein 

[00246] A culture of modified cyanobacteria is scaled-up to flasks, then 1 liter containers, 

then 5 liter containers, then to outdoor vertical photobioreactors. The host cells are then grown 
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without induction of the inserted genes for most of the length of the culture period (such as, for 

example, about 20 days). Near the end of the culture period (approximately 2 to 4 days prior to 

culture harvest), the production of the heme-containing protein is induced. At this time, other 

modifications can also be induced, such as modifications to increase the heme that is available 

for binding. The culture can then be harvested, and the cells can be dried to produce a dried 

biomass material containing the heme-containing protein. Alternatively, the total protein can be 

isolated from the cell material. Further, the heme-containing protein can be substantially 

purified from the total protein fraction, if desired. 

Example 20 

Cell Extracts: Total Protein Assay 

[00247] Protein concentration in the cellular extracts is determined using the Bio-Rad DC 

protein assay Kit (Bio-Rad; Hercules, CA; Cat# 500-0111) according to the manufacturer's 

instructions. Bovine serum albumin is used as the standard. 

Example 21 

Production of an Iron-rich Food Product from Cyanobacteria 

[00248] A modified strain of Arthrospira platensis is modified as described in one of the 

above examples, to produce large amounts of an exogenous heme-containing protein. The 

culture is grown for 3 weeks in an outdoor photobioreactor. The culture is harvested, and the 

biomass is dried. The resulting biomass has a heme-bound iron content that is much higher than 

the iron content of wild type Arthrospira, and can thus be used as an iron-rich food supplement 

that is also rich in other nutrients. The food supplement can be formed into flakes, a powder, a 

tablet, or a capsule. 

Example 22 

Production of an Iron-rich Food Product and Phycocyanin from Cyanobacteria 

[00249] A modified strain of Arthrospira platensis is modified as described in the above 

example, except that a substantial amount of the phycocyanin is isolated from the biomass before 

it is processed for its use as an iron-rich food supplement. In this way, two valuable products, 

phycocyanin and an iron-rich food supplement, can be obtained from the cyanobacterial culture. 

If desired, the product can be pasteurized or sterilized during the processing step. 
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Example 23 

Preparation of a Product Rich in Heme-containing Protein 

[002501 Extraction and isolation of a protein product enriched with a heme-containing 

protein is achieved by removal of the lipid and hydrophobic fraction of the biomass with a 

nonpolar solvent. The remaining material is then precipitated using a pH shift. The protein-rich 

fraction is collected. The protein-rich material is desalted by filtration or buffer exchange. 

Optionally, the desalted protein-rich material is then dried to a fine powder. 

Example 24 

Production of a meat-like protein meal rich in a heme-containing protein 

[00251] The protein-rich material of the above example is obtained and formulated into a 

vegetarian, meat-like food product. The gene encoding the heme-containing protein can be 

derived from a cyanobacterial source, an algal source, a plant source, or from an animal source. 

Example 25 

Heme Apoprotein Production 

[00252] If desired, the heme-containing protein can be first produced in the cell as an 

apoprotein without bound heme, and can then be extracted from the cell biomass, purified, then 

further modified chemically to add in the heme-containing moiety. 

[00253] Although the present invention has been described in considerable detail with 

reference to certain embodiments thereof, other embodiments are possible. Therefore, the spirit 

and scope of the appended claims should not be limited to the description of the embodiments 

contained therein. 
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CLAIMS 

What is Claimed is: 

1. A genetically modified cyanobacterium comprising a polynucleotide encoding a heterologous 
heme-containing protein. 

2. The genetically modified cyanobacterium of claim 1, wherein said polynucleotide encodes a 

leghemoglobin or a cyanoglobin. 

3. The genetically modified cyanobacterium of claim 2, wherein said polynucleotide has a 
nucleic acid sequence that is at least 85% identical to the polypeptide sequence of a plant-derived 

leghemoglobin or a cyanobacterial cyanoglobin. 

4. The genetically modified cyanobacterium of any one of the above claims, wherein the 
cyanobacterium is from a genus selected from the group consisting of Arthrospira sp., 
Synechocystis, Synechococcus, Acaryochloris, Anabaena, Aphanothece, Thermosynechococcus, 
Chamaesiphon, Chroococcus, Cyanohacterium, Cyanohium, Dactylococcopsis, Gloeohacter, 

Gloeocapsa, Gloeothece, Microcystis, Prochlorococcus, Prochloron, Chroococcidiopsis, 

Cyanocystis, Dermoca,pella, Myxosarcina, Pleurocapsa, Stanieria, Xenococcus, Arthrospira, 
Borzia, Crinalium, Geitlerinema, Halospirulina, Leptolyngbya, Limnothrix, Lyngbya, 
Microcoleus, Cyanodictyon, Aphanocapsa, Oscillatoria, Planktothrix, Prochlorothrix, 
Pseudanabaena, Spirulina, Starria, Symploca, Trichodesmium, Tychonema, Anabaenopsis, 

Aphanizomenon, Calothrix, Cyanospira, Cylindrospermopsis, Cylindrospermum, Nodularia, 

Nostoc, Chlorogloeopsis, Fischerella, Geitleria, Nostochopsis, Iyengariella, Stigonema, 
Rivularia, Scytonema, Tolypothrix, Cyanothece, Phormidium, and Adrianema. 

5. The genetically modified cyanobacterium of any one of the above claims, wherein the 
polynucleotide is codon optimized for optimal expression in the cyanobacterium. 

6. The genetically modified cyanobacterium of any one of the above claims, wherein the 
polynucleotide is linked to a constitutive promoter. 

7. The genetically modified cyanobacterium of any of claims 1-5, wherein the polynucleotide is 
linked to an inducible promoter. 

8. The genetically modified cyanobacterium of claim 6 or 7, wherein the promoter is selected 
from the group consisting of PrbcL, PntcA, PnblA, PisiA, PpetJ, PpetE, PcorT, PsmtA, PziaA, 
PsigB, PlrtA, PhtpG, PhspA, PclpB 1, PhliB, PggpS, PpsbA2, PpsaA, PnirA, PnarB, PnrtA, 
PisiB, PnrsB, PlrtA, PmrgA, PpstS, and PcrhC, PpetJ, PpsbD, PnblA, PrpoA, PisiB, PrnpA, 
PrpsL, PpsbD, PcpcB, PnirA *2, PnirA *3, PnirA *4, PmntC, PrpsL *4, Prbc*, PrpsL *4, PcpcB 
(SEQ ID NO: 55), PnirA (SEQ ID NO: 25), PlrtA, PmrgA, PnblA, PggpS, PpetJ (SEQ ID NO: 

28), PppsA, PmpA (SEQ ID NO: 49), PpstS, Porf0128 (SEQ ID NO: 34), Porf1486 (SEQ ID 
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NO: 35), Porf3164 (SEQ ID NO: 39), Porf3293 (SEQ ID NO: 36), Porf3621 (SEQ ID NO: 37), 
Porf3635 (SEQ ID NO: 38), Porf3858, Porf1071 (SEQ ID NO: 30), Porfl072 (SEQ ID NO: 40), 
Porf1074 (SEQ ID NO: 41), Porfl075 (SEQ ID NO: 42), Porf1542 (SEQ ID NO: 43), Porf1823 
(SEQ ID NO: 44), Porf1824, PorfJ 126 (PsmtA) (SEQ ID NO: 26), PorfJ389, PortD221 (SEQ ID 
NO: 31), Porf0222 (SEQ ID NO: 45), Porf0223 (SEQ ID NO: 32), Porf0316 (SEQ ID NO: 33), 
Porf3232 (SEQ ID NO: 46), Porf3461 (PpetJ) (SEQ ID NO: 28), Porf3749, and (SEQ ID NO: 
47). 

9. The genetically modified cyanobacterium of any one of the above claims, wherein the 
polynucleotide is located on an endogenous or heterologous extrachromosomal plasmid. 

10. The genetically modified cyanobacterium of any of claims 1-8, wherein said polynucleotide 
is integrated into the chromosome. 

11. The genetically modified cyanobacterium of any one of the above claims, further comprising 
a modification that increases the heme level in the cyanobacterium. 

12. The genetically modified cyanobacterium of claim 11, wherein the genetic modification that 
increases the heme level in the cyanobacterium is a knockdown of endogenous heme oxygenase. 

13. The genetically modified cyanobacterium of claim 12, wherein the knockdown of the heme 
oxygenase is due to the presence of a polynucleotide that generates a small RNA that is capable 
of reducing expression of the endogenous heme oxygenase. 

14. The genetically modified cyanobacterium of claim 13, wherein the polynucleotide that 
encodes the heterologous heme-containing protein and the polynucleotide that generates the 
small RNA capable of reducing the expression of endogenous heme oxygenase are operably 
linked to an inducible promoter. 

15. The genetically modified cyanobacterium of claim 13, wherein the polynucleotide that 
encodes the heterologous heme-containing protein and the polynucleotide that generates the 
small RNA capable of reducing the expression of endogenous heme oxygenase are linked to 
different inducible promoters, inducible by different chemical compounds. 

16. The genetically modified cyanobacterium of any one of the above claims comprising a 
polynucleotide encoding a heterologous heme-containing protein and a small RNA able to 
reduce endogenous expression of heme oxygenase, wherein the polynucleotide for the heme­
containing protein and the small RNA are linked to the same inducible promoter. 

17. The genetically modified cyanobacterium of claim 11, wherein the modification increases 
the flux through ferrochelatase 

18. The genetically modified cyanobacterium of claim 17, wherein the modification that 
increases the flux through ferrochelatase is selected from the group consisting of: a knockdown 
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of the gene encoding magnesium chelatase (MgCh), the overexpression offerrochelatase (FeCh), 
the knockdown of gun4 (MgCh activator), a gun4(Wl 92A) mutation, magnesium-starvation, 
iron supplementation, and nitrogen-starvation. 

19. The genetically modified cyanobacterium of any one of the above claims, further comprising 
a modification that results in a lower amount of phycocyanin. 

20. A method of producing heme-containing protein in a cyanobacterium, comprising: 

a) growing the genetically modified cyanobacterium of any of claims 1-10 under 
conditions to produce said heme-containing protein; and 

b) obtaining the heme-containing protein from the cyanobacterium. 

21. A method of producing heme-containing protein in a cyanobacterium, comprising: 

a) growing the genetically modified cyanobacterium of any of claims 11-19 under 
conditions to produce said heme-containing protein and under conditions to increase the 
heme level in the cyanobacterium; and 

b) obtaining the heme-containing protein from the cyanobacterium. 

22. A dried biomass containing the genetically modified cyanobacterium of any of claims 1-19. 

23. A dried meal (or bulk protein) obtained from the genetically modified cyanobacterium of 
any of claims 1-19. 

24. A partially purified heme-containing protein, obtained from the genetically modified 
cyanobacterium of any of claims 1-19. 

25. An iron-rich nutritional supplement comprising the material of any one of claims 22-24. 

26. A food product made from the heme-containing protein made from the genetically modified 
cyanobacterium of any of claims 1-19. 

27. The food product of claim 26, wherein the food product is a meat substitute. 

28. The food product of claim 27, wherein the food product has a red color. 
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fT 
fT 

fT 
fT 
fT 
fT 

fT 
fT 
fT 
fT 
FT 
tl' 
FT 
fT 
fT 
fT 
fT 
fT 
fT 
fT 
fT 
fT 
FT 
FT 
FT 
FT 

CDS 

CDS 

CDS 

CDS 

CDS 

CDS 

9/37 

o:r:pJ.ern-:-:nt~ ( 7772". 8536) 
\.rnti fts:;y--=--=''4 '' 
1":tbel.-0RF\ :~ 

\,rnti fb::::y __ q 4" 

1:::tf;el.-=-=ORF\ 4 

/vntiftc::v--=--=q4" 
/ l~Liel.-=-=ORF\ _r_) 

/vntifl-:ev--=--=q4" 
/ 1~}-_iel.-=-=ORF\ 6 

1474,. 2~~89 
/vntiftev--=--=q4'' 
/1::xbel.--=--=Kir."'"* 
/ n:..-:-te= "K.cr.* * :i 
947 .. 
/\.rnti ftev--=--=''30' 1 

/ LJ.bel.=P.rbcI. 
101.. 
/vnti fl:ey="'.~O" 
/ 1~1:-)el.-=-=Psn'l'U\ 

/vntifl-:ev--=--=q43" 
/ l ::1b~~-1_ ~.:-Tps dB 
'.~47. ,721 
/ vn Li rJ-: e~:(:-.:- q 4 '' 
/label.--glbN_S6803(AB1opt) 

SQ 3eqt1ence 10340 BP; 2323 A; 1838 C; 2002 G; 31'7]_ t; 

FJG. 5 (Continued) 
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ORF3 

ORF5 

ORF4 

pAB1 6.8 

ORF6 

ORF 1 

PCT/US2018/055785 

10/37 

PsmtA 

lC #2383\pt,:31 G.8::?s.·ntA-glbN_Ap8005:J,Blopt',-TpsaB standa::d; circular DNA; 10340 
BP 

fH Eey Location/Qualifiers 
fl, 

fT insertion seq 3596 .. 39 
fT 
fT 
fT 
fT 
E"T 

fT rq:, ___ ,:,c:icrin 
fT 
fT 
E"T C:::,S 

FT 
fT 

FT 

/ type-"Custo:rr, cl,::r.:.ed insert" 
/•,.rntifk,2~1--=-='! 1 11" 
/l~bcl =pABl __ E. 8 
/n::::te=":Jnkn.cn,;n fea.t;_1re typ2: in.sErt 11 

co_-nplcmcnt !2531 .. 3589) 
/•Jnt i fk,2y--=-=•r33 u 

/ l2bel --=-=Gr2.. \/T 
4106.,7291 
/'crnLifke·'l="4u 
/ la:b2 l-=:C_~.RF\ l 

/n-_1Le== 11 or£l .rep o..ci bind.in~1 prc;tein slr7037 homc:lcq Similc1.r 
tc1 hyp•-" ~:heLical p.:.:eitein .sl=7 037 '."JI pla.sn:1.icl pS Y.SJ:. ( 103 kfJ) ,:..Jf synechocys ti.s sp O PCC 

680 3" 
FT CL,S 

rT 
tl' 

rT 

7327 .. 7512 
/ 'ctn Li fke~,r==" 4 u 

/label-=:Cl-<f'\2 

FIG. 6 
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tl' 
fT 
fT 
fT 
fT 
fT 

CDS 

11/37 

c:n1pl(2rt"cs::nt:, Ti'7/..". 85:~6) 
vnti f]-:-;;.-:y--=--='' 4 '' 
LaLa:.:;;l.--=--=ORF\ :::, 
n:..:te- 1'i .. :.rf3: 1 

862 .. ?548 

vntifl-:ev- 11 4'' 
fT L,b,,1--0RF\4 

PCT/US2018/055785 

fT n::.:te= 1'0.rf~ Int.r:~1;:a.;3;:~/R(:crx,<oinase Siif1,ilar t.o Sj_te--;3pt;cif.ic 
t.'r:~co:n.b.-!.nc1.:;e of Eac;iJ ... 1.:;E, thu;:J .. nql.r:":l"lSiE, Si::"-:!::(")\-'a~·: i~-- .:.a.E"~.1.en::-:i::::.-: ATC:C 3S64E'1 

fT 
fT 
fT 
fT 
fT 

fT 
fT 
fT 
fT 
FT 
tl' 
FT 
fT 
fT 
fT 
fT 
fT 
fT 
fT 
fT 
fT 
FT 
FT 
FT 

CDS 

CDS 

3equence 10340 

/vntifkcy--=--= 11 4" 
;' 1 ::tbe 1 -=-=ORF\ _r_) 

fJ8'_i(' .. 1:)098 
/vntifkey--=--= 11 4" 
/label.-=--=OR.F\6 

147LJ .. 2?89 
/\rnti fl:e·i--=--= 11 4" 
/label.--=--=KI0.** 
/n:)te= 11 KI0.x+:i 

947 .. 
/vnti fl-:ey--=--=' 1 :~0' 1 

/ J_abel =PrbcL 
101.. 
/vnti fl-:ey--=--=' 1 :~0' 1 

/ lal-;el.-=-=Psn'l'U\ 

/vnl_j_ U·.<;:;·r-=--= 11 43" 
/l_abel.=TpsaB 
'.A7 .. 7;:1 
/vnti fkev_,._,.H;J '' 

'ABlopt_) 

20CiJ G; 3.l 7J t; 

FJG. 6 (Continued) 
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PnirA' 

anti ho1 v1 

ORF6 

12/37 

' , 
PsmtA 

ORF5 

ORF4 \~· 

pAB16,8 

ORF1 

PCT/US2018/055785 

legH Gm(AB1opt) 

J[: #288 LeqH_:~;rn1:AB1opr.)-Tpss.B--Pn.-i..1.:A( -c:1nt:i. bol '\..-} ,stc:1.nda.:rd; 

rn 
F·'r insertion s2g 3565 .. 1016~ 
FT 

FT 
FT 

FT 
FT 
FT r.:,,p _,::,.,·i.gi n 

FT 

FT 
FT CDS 

FT 

/vnti ft(-:y.:-.:- 11 .14 11 

/ l3.br~1-=--=-pl~"B1_(. 8 
/n~tf:.--- 11 ~Jnt~1a1<.Tn featul.-:::-:. typt-:.; i n.s•::rt'' 
co~plem2nt(2500 .. 3558) 
/ vn Li f L (-:'.i'-=--=- ' 1 ~~3 11 

/ J. 3.br~J.:-.:-C.r:i ·1/T 
407 .. r~ •• 726() 
/ vnti f J-~~-:y-- 11 4 ,i 

FT /lab:::-:.1-=--=-CR.F.7\.1 
FT /r:oU,-·"c,rfJ. ::,ep ,,,r.:,. bindir,g p::,,teir: sJ.1:7GT7 hcrr:GJ.09 Similar 
to hypotheticaJ protein sl·-7037 of plasm1_d pSYSA (10~ kb) of synechocystis sp. PCC 
681)3"' 
FT C11S 7?9t .. 7481 

FIG. 7 
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tl' 
fT 
fT 
fT 
fT 
fT 
fT 
fT 
fT 
fT 
fT 

fT 
fT 

fT 
fT 
fT 
fT 
FT 
tl' 
FT 
fT 
fT 
fT 
fT 
fT 
fT 
fT 
fT 
fT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 

CDS 

CDS 

CDS 

CDS 

CDS 

CDS 

termi.nc~ to!.' 

rn-:1.:1c HNA 

\.rnti fl-:s:;y--=--=''4 '' 

J.:;;i.bel.-=--=ORF\2 

13/37 

;_:o:r:plement: ( 77~.l". 8~)D:;) 
/vnti fts:::y--=--=''4" 
/ 1":tbel.-ORF\ :~ 

8831,, J51.7 
/\,rnti fks:;y--'' 4 '' 
/1:::i.Lie1-=--=0RF\4 

/vntifb::::v--=--=q4" 
/ l?.Liel.-=-=ORF\ _r_) 

/ n:_1t_ e= 11 o.r f S :r 
98Vi .. l'.10C/ 
/vntif]·:ev--=--=q4'' 
/1?.bel.-=--=ORF\6 

144:i .. 2?'_i,J 
/vntiftev--=--=q4" 
/1?.l-;el.--=--=K.cr.** 
/ n:..-:-te= "K.cr.* * :r 
9J_6 •. 
/vnti ftev--=--='':~O'' 
/ J_c1.bel =PrbcI. 
7 .. 250 
/ vn I_ j_ U·.<:;·r-=--= q :~O" 
/ 1?.l-;el.-=-=Psn'l'U\ 
2S3 .. 6:}J 
/vnti fkev_,._,.H;J '' 
I J_,"-b"·'· 00 lrcoc1E_ Gm (.Al'.1 t,p LI 
691 .. 7~-~? 
/vntj_ ftr:y~_,.H43 11 

/l::1.bc-~1--TpsaB 
cc,·l'pl 0.n12:nt ( 1 02 ~3~J .. 1D456 :: 
/vnti fkcv.,..,.''30 ' 1 

/l~hr~1-=-.,.Pni -cP, 1 

,.-:::c,.77plcn1ent ( .1016S .. lCL:'.34 :: 
;'vn.ti fh~:y_,._,.H~j3' 1 

/ l::ib(;.1_::anti_bo.1 _ 1J.l 

FJG. 7 (Continued) 
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14/37 

PnirA' 

anti ho1 v1 

ORFG 

ORF5 
\ \ ,.· 

PCT/US2018/055785 

PsmtA 

glbN S6803(A81opt) 

ORF4 
\~r 

pA816.8 

lC #239 
:::i:.::cular 

fH Eey 

rn 

ORF1 
. 8:: ?s.·ntA-glbN __ :3(803 (ABlc,pti -Tp.saB-?nirA' -anti __ hcl __ vl st3.ndard_; 

BP. 

Location/Qualifiers 

fT insertion seq 3502., 10101 
fT 
fT 
E.T 

fT 
E.T 

fT rep ___ ,::ricrin 
fT 
fT 
fT CDS 

fT 
FT 

FT 

/ type-"Custo:rr, cl,::r.:.ed insert" 
/•..rnti fk,2~1--=-='! 14" 

/1:ibcl =pABl __ E. 8 
/n::::te=":Jnkn.cn,;n fea.t;_1re typ2: in.sErt 11 

/•Jnt i fk,2y--=-=•r33 u 

/l2bel --=-=Gr2.. \/T 
4012 .. 7l~17 
.i·Jntifkey~·•4·• 
/ lafJe 1-=:C_~.RF\ l 

tc1 hyp•-" ~:heLical p.:.:eitein .sl=7 037 '."JI pla.sn:1.icl pS Y.SJ:. ( 103 kfJ) ,:..Jf synechocys ti.s sp O PCC 

680 3" 
tl' cus 

FIG. 8 
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fT 
fT 
fT 
fT 
fT 
fT 
fT 
fT 
fT 
fT 
fT 

fT 

fT 
fT 
fT 
fT 
FT 
tl' 
FT 
fT 
fT 
fT 
fT 
fT 
fT 
fT 
fT 
fT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 

CDS 

CDS 

CDS 

CDS 

rrDmotc;.r 

vnti f]-:-;;.-:y--=--='' 4 '' 
Laf)s::d.--=--=ORF\ ~ 

15/37 

c:o:npL(2n1s:;nt: ( 7f:78". 8442) 

/vntifl-:ev- 11 4'' 
/ 1:~11-)<:;l. --oxF\ :~ 

/ n:..:te= 1\:.r f 3 11 

8'762. ,J,1,'_)4 

/vntifb:::y--=--= 11 4" 
/ ]_;_tfJcl.-=-=ORF\ 4 

PCT/US2018/055785 

/n:._:te='\:rf~ Intr::~1;_-a.::;?~/Recry11binase SLn:.ilar r_o Sit~~--::;pc:c_ifi_c 

/vntifkey--=--= 11 4" 
/label.-=--=OR.F\.r_) 

97~16 .. 1'J0(J~ 
/\rnti fl:e·i--=--= 11 4" 
/ label.-=-=OH..l:'\ 6 

138(: .. 219:; 
/vntifl-:ey--=--= 11 4" 
/label.--=--=K.cr.** 
/ n:..-:-te= "K.cr.* * :i 
853 .. 1.379 
/vnti fl:ey="'.~O" 
/ LJ.bel.=P.rbcL 
7 .. 250 
/vnti fl-:ey--=--=' 1 :~0' 1 

/ l ::1b~~-1_ ~.:-p sn1U"},. 

/vnli rJ·:e~:(:-.:-n431t 
/l::1.bc-~1--TpsaB 

/vntifkev--lf4,, 
/lab21=g1bN_S6803(A3lopt) 
,.-:::c,.77plcmcnt ( .1017 2 .. l DJ:;, J :1 

/ vn.t if tt:V-'"-'" H ~Jn 11 

/ lstb(;.1_ ::-::-Pni :r.P ... : 
,,c,'0pl0mc,nt 11 r"tlCL', . 1-Dl 'r!, 
/vnti fkey::-::-H~.)3!! 
/label.=antj_ hol vl 

SQ Seqt1ence 10393 BP; 2346 A; 1852 C; 2023 G; 31'72 t; 

FJG. 8 (Continued) 
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ORF4 

ORF2 

IC 

Porf0316' 

anti ho1 v1 

ORF& 

ORF5 

ORF 1 

BP. 

CC Ihi5 file is 2rcatcd by Vector NTl 
'✓NTnJ,TE: -12()52~91 ! 

CC.: '✓NTDBDA'l'El--120523'HI 

16/37 

F.H Key ~c)cat:1..cn/Qualiiiers 
FT in.sertion ___ .s~q 36SC. 10257 

"'1' 

/vntifl:e~i=Hl-1 11 

/lct:cel=;::,ABl ___ c, e 

PepcB 

FT 
FT 
FT 
FT 
ET rep .. _oi:igir-! 
FT 

/Eote= 11 ;,_)n}:n::n,1n fea tu:ce type; ins,2.rt 11 

c~1:11pleni.~nt ( Z~193., 36SlJ 
/vntifJ-:21'= 11 33 11 

FT 

FT 
FT 

/13.bel=Cr.i\/T 
E6t, 7353 
/vnlifLe::r=- 1r4" 
/l~bel-CRF\l 

FIG. 9 

SUBSTITUTE SHEET (RULE 26) 
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17/37 

FT /n:.:te= 11 
... :.rfl r.::'.r~ or:i. birid.in~1 pr.otein sJ.1~'7037 hc·rnoJ.oq Simij_a.1.· 

to h:-irothr::':t ica 1 p c_r)t.c.::.i. n f:: J__-:7'J'.)) :);_ pJ.as;.~;1_d pSYS.P.. ( IU:~ kb) ,_Jf S :'ine;;:c:hocy;; t:i;~ sp" PCC 
6803 ii 

FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 

FT 
FT 
tl' 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 

FT 
t'l' 

FT 

FT 

CDS 

CDS 

CDS 

CDS 

CDS 

/vntifl-:ev- 11 4,, 
/ l:~11-)c;l. --oxF\ 2 

'..:o:r:pl(2n1s:;nt: ( 7834". 8598) 

/vntifb:::v--=--= 11 4" 
/ ]_;_tfJcl.-=-=ORF\ :~ 

/r::._:te='\:rf3:' 
89~'.4, .J61.0 

/vntifb::::v--=--= 11 4" 
/ laLiel.-=-=ORF\ 4 

/\rnti fl:e·i--=--= 11 4" 
/ label.-=-=OH..l:'\ ."_) 

/vntifl-:ey--=--= 11 4" 
/ label.-=--=ORF\ 6 

1536 .. 23.'_)1 
/vntifl:ey="4" 
/lal-)el.-=--=KI~.** 
/ n:.) l_e= ' 1 Knt* * :i 
1 oo:~ .. 1s3:; 
/ vn Li rJ·: e~:(:-.:- n JO It 

/ ]_3.}J:_-~.1_::.:-p.rl")cL 

/vnti fkey--lf 43 11 

I Li.b,,.1. 00Tps aB 

6 .. '102 
;'vn.ti fk2~v_,._,.H~J0 11 

/ J_c,_bc.l. 0°FcpcB 
403 .. 777 

/ vnti f ke'...,'-'"-'" H 4 '' 
/J_ab21=g1hN_~681-13(AR1r,pt) 
,.-:::c,.77plcn1ent ( .1 03;:, :3 .. l D G3 J :: 
/ vnt if kt:V-'"-'" 11 jr~1 ' 1 

/l::ib:;:-~.1_.:-.:-Forf0316: 
CCJ.77plen1r:nt i .l 02~):3 .. l1J~i2~.: :, 
/vnti fke'y_'-'"-'" 11 ~.)3' 1 

/label.=antj_ ho.1 v.l 
SC 3eqt1ence 10634 SP; ~482 A; 1875 C; 20S2 G; 3225 t; 

FIG. 9 (Continued) 
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18/37 

ID #2994\pAB1_6.8: :PcpcB-glbN_Ap8005(ABlopt)-TpsaB standard; circular DNA; 10491 
BP. 
CC This file is created by Vector NTI 
CC VNTDATEl-121186991 
CC VNTDBCATEl-121186991 
FH Key Location/Qualifiers 
FT insertion_seq 37~7 .. 89 
J;"l' /.source="pl 7 l-6Hindllll3a:nH1" 
FT /type="Custom cloned insert" 
FT /vntifkey="14" 
FT /label=pAB1_6.8 
FT 
FT rep_origin 
FT 
FT 
FT CDS 
FT 
FT 

/note="Unknown feature type:insert" 
complement !2682 .. 3740) 
/vntifkey="33" 
/label=OriVT 
4257 .. 7442 
/vntifkey-"4" 
/label-ORF\1 

FT /note="orfl rep ori binding protein slr7037 homolog Similar 
to hypothetical protein slr7037 of plasmid pSYSA (103 kb) of Synechocystis sp. PCC 
6803" 
FT CDS 7478 .. 7663 

FIG.10 
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FT 
J:"l' 
FT 
FT CDS 
FT 
FT 
FT 
FT CDS 
FT 

19/37 

/vntifkey-"4" 
/ label=ORJ:'\ 2 
/note="orf2 11 

complement (7923 .. 8687) 
/vntifkey="4" 
/label=ORF\3 
/note="orf3" 
9013 .. 9699 
/vntifkey-"4" 

Y'l' /label=ORJ:\ 4 

PCT/US2018/055785 

FT /note="orf4 Integrase/Recombinase Similar to Site-specific 
recombinase of Bacillus thuringiensis se:::ovar israelensis ATCC 35E,c;6" 
FT CDS 97,;1 .. 10004 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
J;"l' 

FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
FT 
SQ 

CDS 

CDS 

promoter 

terminator 

promoter 

CDS 

/vntifkey="4" 
/label=ORF\5 
/note-"orf5 11 

10001 .. 10249 
/vntifkey="4" 
/label=ORF\6 
/note="orf6" 
1E25 .. 2440 
/vntifkey="4" 
/label=Km** 
/note-"Km** 11 

1098 .. 1624 
/vntifkey="30" 
/label=PrbcL 
873 .. 910 
/vntifkey="43" 
/label=TpsaB 
101 .. 497 
/vntifkey="30" 
/label=PcpcB 
498 .. 872 
/vntifl:ey-"4" 
/ label-glbN _Ap8 005 (ABlopt) 

Sequence 10491 BP; 3440 A; 1839 C; 2033 S; 3179 t; 

FIG. 10 (Continued) 
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Porf0316' 

anti ho1 vi 

PCT/US2018/055785 

20/37 

H' Ji:, O:U\pkl.l _6. :~: : ?cpcB-glhN __ :o,' sn3 (A Bl ::-,pt ) -Tp.saEl-?cpcB-gl hN __ S6" i13 (AB.lop::) -Tp.saB-
Fc,:.:£0316' --anti __ hol __ vl standard,: circular DNA,: 11432 BP. 
CC This file is crea~2d by Vectcr NTI 
c,e, VNTDi\TE'-l;:H2984i 
CC VNTDBDAi'Sl-12l63l731 
F!-J 

t'l' 

FT 
t'l' 

FT 
fT 
FT 
fT 
fT 
fT 
fT 
fT 

insertion __ s2q 

CDS 

Location/Qualifiers 
41156. '11055 
/ s ·::t:.rce= Hp l 7 l-6Hi:n.dl II BamHI 11 

/type="Cu.st::im clcned insert!! 
/',.rntifk,2:r-=--=•r l 1{ II 

/label=pl..Bl __ E.8 
/n·::te= 11 Unkncy1.,.,;n feat;,1re typ2: in.s2rt 11 

co_·nplem-2nt ! 3391,. 1JJJ,\9) 
/ •,.rn ti fk,2i1 -- "33" 
/label -cr2.. \/T 
4966,,3151 
/vntifk-2y-''4 '' 

FT /label-=-=CRF\l 

fT .in~tc~"orfl rep ori bindirEJ protein slr7037 homclog SimiL1r 
tc, hypcthetical preitein sl~7D37 c,f plasinid pSYSJ-'._ (103 tb) Df .Synechccystis .sp. PCC 

680 21
' 

E"T 

FT 
FT 

FT 
FT 

FT 
FT 

8J_87 .. 33/2 

/ 'ctn Li fkc:y-= 0
" 4 u 

/ la:b2 l-=:C_~.RF\ 2 

/n-_1Le== 11 or£.2" 
co:nplement ,st:320. 93S,f,) 
/'crnLifke·'l="4u 
/lafJel-=:CRF\3 

F'lG.U 
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tl' 
fT 
fT 

fT 
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A. CLASSIFICATION OF SUBJECT MATTER 
IPC(8)- C12P 21/04; C12N 15/74; C12N 1/12; C12N 1/20; A23J 1/00; A23L 1/30 (2018.01) 
CPC - A23J 1/00; C12N 15/74; C12N 1/12; C12N 15/63; A23J 3/14; A23J 3/16; A23J 1/006; A23J 

1/008; A23J 1/009 

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

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

See Search History Document 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

See Search History Document 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 

See Search History Document 

C. DOCUMENTS CONSIDERED TO BE RELEY ANT 

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

y US 2015/0322442 A 1 (ALGENOL BIOFUELS INC.) 12 November 2015 (12.11.2015), para 1-4 
(0004], [0005], [0012], (0014], [0045], [0046]. (0051], and (0068] 

y US 2016/0340411 A1 (IMPOSSIBLE FOODS INC.) 24 November 2016 (24.11.2016), Abstract, 1-4 
para (0016), (0018], (0036], (0054], (0070), (0180), (0213], (0272], and SEQ ID NO: 4 

A ,· GODIARD et al., MtbHLH1, a bHLH transcription factor involved in Medicago truncatula nodule 1-4 
vascular patterning and nodule to plant metabolic exchanges. New Phytol. 2011, Vol. 191(2), p. 
391-404. pg 399, col 1, to para, and Table 1 

A - KOPKA et al., Systems analysis of ethanol production in the genetically engineered 1-4 
cyanobacterium Synechococcus sp. PCC 7002. Biotechnol Biofuels. 2017 Mar, Vol. 10:56. PDF 
File: pg 1-21. Entire documentation, especially Abstract 

A ,.-- LIU et al., Fatty acid production in genetically modified cyanobacteria. Proc Natl Acad Sci US A. 1-4 
2011, Vol: 108(17), p. 6B99-904. Entire documentation, especially Abstract; and pg 6900, Fig 1 
and Fig 2 

□ Further documents are listed in the continuation of Box C. □ See patent family annex. . Special categories of cited documents: "'T' later document published after the international filing date or/eriority 
"A" document defining the general state of the art which is not considered date and not in conflict with the a~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 

filing date 
"X" document of particular relevance; the claimed invention cannot be 

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 1,>ublication date of anuther citation or other "Y'' document of particular relevance;, the claimed invention cannot be special reason (as specified) considered to involve an inventive step when the document is 
'"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 

03 December 2018 l9 FEB 2019 
Name and mailing address of the ISA/US Authorizecl officer: 

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents LeeW. Young 
P.O. Box 1450, Alexandria, Virginia 22313-1450 

PCT Helpdesk: 571-272-4300 
Facsimile No. 571-273-8300 PCT OSP: 571-272-7774 

Form PCT/ISA/210 (second sheet) (January 2015) 
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet) 

This international search report has not been established in respect of certain claims under Article I 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 ClaimsNos.: 
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. IZ! Claims Nos.: 5-28 
because they arc dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box No. Ill 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: 
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 searched, the appropriate additional search fees must be paid. 

Groups I+, Claims 1-4, directed to a genetically modified cyanobacterium comprising a polynucleotide encoding a heterologous heme­
containing protein. The polynucleotide encoding a heterologous heme-containing protein will be searched to the extent that wherein said 
polynucleotide encodes a leghemoglobin. It is believed that claims 1, 2-3(in part), 4/[1, 2-3(in part)] encompass this first named invention, 
and thus these claims will be searched without fee to the extent that they encompass wherein said polynucleotide encodes a 
leghemoglobin. Additional polynucleotide encoding a heterologous heme-containing protein will be searched upon the payment of 
additional fees. Applicants must specify the claims that encompass any additionally elected polynucleotide encoding a heterologous 
heme-containing protein. Applicants must further indicate, if applicable, the claims which encompass the first named invention, if different 
than what was indicated above for this group. Failure to clearly identify how any paid additional invention fees are to be applied to the "+" 
group(s) will result in only the first claimed invention to be searched. An exemplary election would be wherein said polynucleotide 
encodes a cyanoglobin [claims: (1), 2-3(in part), 4/[(1), 2-3(in part)]). ••••••••continued in the extra sheet••••••••-••••• 

I. □ 

2. □ 

3. □ 

4. IZI 

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 

claims. 

A~ 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.: 
1, 2-3(in part), 4/[1, 2-3(in part)], limited to l"yhemoglobin 

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)) (January 2015) 
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Continuation of: 
Box No Ill (unity of invention is lacking) 

The inventions listed as Groups I+ 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: 

Special Technical Feature 
Among Groups I+, a leghemoglobin is structurally different from a cyanoglobin, and vice versa; each is from a different recourse (see 
claim 3). 

Common Technical Features 
The inventions of Groups I+ share the technical features of a genetically modified cyanobacterium comprising a polynucleotide encoding 
a heterologous heme-containing protein (claim 1). 

However, these shared technical features do not represent a contribution over prior art as being obvious over US 2015/0322442 A1 to 
ALGENOL BIOFUELS INC. (hereinafter 'ALGENOL'), in view of US 2016/0340411 A1 to IMPOSSIBLE FOODS INC. (hereinafter 
'IMPOS_FOODS') as follows: 

ALGE NOL discloses a genetically modified cyanobacterium (para [0005) - 'Cyanobacteria can be modified to produce many types of 
secondary products'; para [0012) - 'genetically modified cyanobacteria') comprising 
-a polynucleotide encoding a heterologous protein of interest (para (0014) - 'a nucleic acid construct for expressing a recombinant gene 
in a cyanobacterium is provided ... with a gene encoding a protein ... a gene encoding pyruvate dehydrogenase, ... alcohol dehydrogenase 
E enzyme (AdhE)'; para (0045) - 'host cell. .. recombinant host cell ... which can incorporate heterologous polynucleotide sequences 
... transformed ... the cell is ... a cyanobacterial cell'; para (0051) - 'polynucleotide .. include nucleic acid molecules having an open reading 
frame encoding a polypeptide'; para [0068) - 'A host cell that comprises the recombinant polynucleotide is referred to as a "recombinant 
host cell" .. ."recombinant cyanobacterium .... gene is then expressed in the recombinant host cell to produce ... a recombinant protein'). 

ALGENOL further discloses wherein the genetically modified cyanobacterium comprising a vector, which can be used for efficiently 
transforming different species of Cyanobacteria (para (0004] - 'genetic enhancement of Cyanobacteria. A novel vector is described 
which is capable of efficiently transforming a broad range of cyanobacterial species'; para (0046] - 'a host cell that provides a sufficient 
cellular environment for expression of ... exogenous polynucleotides') for producing different products of interests including products of 
nutrients (para (0005) - 'Cyanobacteria can be modified to produce many types of secondary products, such as biofuels, 
pharmaceuticals, nutrients, carotenoids, etc'; para (0014); para (0068]; All quotations as above). 

ALGENOL does not specifically teach wherein the heterologous protein of interest is a heterologous heme-containing protein. 
IMPOS_FOODS discloses a method for producing a heterologous heme-containing protein using a genetically modified organism/cell 
(para [0036) - 'a genetically modified organism such as a genetically modified bacterium or yeast'; para (0016) - 'a genetically modified 
organism comprising a vector comprising a polynucleotide sequence encoding a heme-containing polypeptide'; Abstract - 'methods and 
compositions for the expression and secretion of heme-containing polypeptides'; para (0070] - 'an exogenous nucleic acid encoding a 
polypeptide of the disclosure (e.g., a heme-containing polypeptide, a globin)'), for food and/or nutrients production (para (0180) -
'methods for the use of a polypeptide of the disclosure in a meat consumable. The consumables can compete with, supplement or 
replace animal based foods ... A meat consumable (e.g., substitute) can have similar physical characteristics as traditional meat ... 
nutrients'; para [0213) - 'Food Products Comprising Purified Polypeptide'; Abstract). 

It would have been obvious to one of ordinary skill in the art at the time the invention was made to combine the teachings of 
ALGENOL and IMPOS_FOODS, to obtain a genetically modified cyanobacterium comprising a polynucleotide encoding a heterologous 
protein of interest, as taught by ALGENOL, and further wherein the heterologous protein of interest is a heterologous heme-containing 
protein, based on the combination of IMPOS_FOODS and ALGE NOL, in order to combine methods, cyanobacterium expression 
systems, and polynucleotide sequences encoding heme-containing proteins available in the art for facilitating obtaining a genetically 
modified cyanobacterium for producing a heterologous heme-containing protein with desired production levels with an expected success 
and without undue experimentation. 

Without a shared special technical feature, the inventions lack unity with one another. 

Groups I+ therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature. 

Continuation of item 4: Claims 5-28 are not drafted in accordance with the second and third sentences of Rule 6.4 (a). These claims are 
improper multiple dependent claims. 

Form PCT/ISA/210 (extra sheet) (January 2015) 
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MlHLLARD REACTION COMPOUNDS OF C:{S'I'EINB.i .AND A SUGAR HAVING MB:ATLIKg FLAVOUR 

This invention relates to a method of providing meat flavouring to foodstuffs and to novel 

compounds for providing such flavouring. 

It is kno"0m that the fom1ation of meat ±1avour proceeds via a sequence of steps knmvn as the 

Maillard reaction. The sequence may be represented as follows: 

CHO 

I TIO!!), 
R2 

amino acid sugar 

R.1-CH-COOH 

I 
N 

ll 
HC 

I 

glycosamide 
(unstable) 

(CHOH)n 

I 
R2 

+ 
rearrangement 

R1-CH-COOH 

I 
NH 

I 
H2C 

brovvn pigments ◄◄a111111,-------­
& flavour compounds 

I c=o 

I many 
steps (CHOH)n-l 

l, 
.A.madori compoun.d 

10 The_ Maillard reaction is also known as non-enzymatic bro-wning. The Amadori compounds 

are key intermediates in the fonnation of flavours. 
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2 

One amino acid for which no Amadori compound has hitherto been identified is cysteine 

(CHi(SI-I).CH(NH2),COOH), Cyste.hJ.e plays an important role in the development of flavour 

in meat, and this is believed to result from its ability to release hydrogen sulphide under the 

conditions of the Maillard reaction (see, for example, Kobayashi and Fujimaki in Agric. Biol. 

5 Chem., 29, 698 81965). Numerous references have attributed to sulphur compounds a central 

role in the formation of meat flavours. However, unlike all other amino acids, cysteine has 

hitherto been believed to inhibit the Maillard reaction, because it tends to form relatively 

stable 2-glycosylthiazolidine-4-carboxylic acids, and this reaction competes with, and may 

even prevent, the formation of Amadori compounds. 

10 

15 

20 

It has now been found, surprisingly, that, not only is it possible to make Amadori compounds 

from cysteine, but also that these compounds are particularly effective at conferring meat 

flavour in foodstuffs. The invention therefore provides a compound of the fom1u1a I: 

cy2-r-HN-CH2-~---(CHOH)n--R 

SII O 
COOH 

I 

in which R is hydrogen when n=l-4, or methyl when n=0-3. 

Although the compound is depicted as being of fomwJa I, this form of the compound is in fact 

in equilibrium v;,rith two other forms, Ia and lb, as shown below: 

H 7 coo-
"I. / 

/CJ'\ 
H2Cu .;.NH2 

! I 
S 1 3 CH 
'\ 2/ 2 

l"'OH 
(CHOH}n 
I 

CH 2OH 

la lb 
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All three forms are included within the scope of this invention. Also included are an other 

isomeric forms, of which a number are possible (for example, when L-cysteine reacts with a 

D- or L-sugar), 

5 The compoTu"lds may be prepared by known methods. Amino acids or their salts may be 

reacted with an a1dose either in the presence of about 20% of water (see E.F.LJ. Anet, Austr. 

J. Chem. 10, 193-197 (1957)) or in an organic solvent (see K Heyns and H. Paulen, Liebigs 

Ann. Chem,, 622, 160 (1959)). In all preparations of Amadori compmmds so far knmvn, a 

reaction medium with low water content is essential to bring about the required condensation 

10 with aldoses to glycosyl amines. However, the preparation of the A.madori compounds of 

cysteine can also conveniently be carried out in dilute aqueous solutions or in mixtures of 

water with water-miscible solvents. It is not necessary to isolate the initially-formed 2-

glycosylthiazolidine-4-carboxylic acids, The formation of the Amadori compounds from 

cysteine plus sugar or from 2-glycosylthiazolidine-4-carboxylic acid is subject to general acid 

15 catalysis. For this reason, the reactions are preferably carried out in the presence of buffers 

having a pH of between 1 and 9, preferably between 2 and 6, 

Although the Amadori rearrangement proceeds at room temperature, it is preferred to 

accelerate it by heating. The preferred temperature will depend on the solvents used and on the 

20 reactant concentrations, but the temperature generally lies between 60° and l10°C. At 90°-

1000C, the preferred reaction time of the aqueous buffered reaction mixture is from 1-12 

hours. 

The sugars to be used for the present invention are aldoses with 3-6 carbon atoms, including 

25 aldopentoses, aldohexoses and deoxyaldohexoses. Specific sugar examples are the 

aldopentoses ribose, arabinose, xylose and lyxose, the aldohexoses glucose, mannose and 

galactose and the 6~deoxyaldohexoses rhamnose, fucose and chinovose, Mixtures thereof can 

also be used. In addition, all stereoisomeric fbrms of these sugars may he used. 

30 The cysteine may be used as the compound itself or in the form of a derivative or a salt, which 

form free cysteine under the reaction conditions. Both L- and D-cysteine and mixtill'es thereof 
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4 

may be used. The molar proportions of the cysteine and the al dose may vary between 2: l and 

1:5, preferablybet\veen L2:1 and l:L5. 

The buffers used may comprise mixtures of weak acids and bases or compounds that possess 

5 both an acidic and a basic function, Suitable acids include carbox.ylic acids and phosphoric 

acid. Typical examples of bases include the salts of the previously-mentioned acids, for 

example, their alkali metal salts of their salts with nitrogen-containing bases such as pyridine, 

er:-picoline and tertiary amines. Primary and secondary amines may also be used, but 

preferably only if the reaction medium contains a large excess of water, to prevent the 

l 0 competitive reactions of these amines with the aldose to glycosylamines and Amadori 

rearrangement compounds of these amines. Examples of compounds with both acidic and 

basic fonctions are amino acids or their salts, for example glycine, praline and monosodium 

glutamate, or ribonucleotides or their salts, such as disodium inosine-5'-monophosphate. The 

buffers are preferably used .in concentrations of from 0.1 to 10 times the molar concentration 

15 of cysteine. 

The Amadori compounds thus prepared may be isolated as crude products and purified by 

kno\vn methods to give the compounds in colourless, crystalline fom1. 

20 The Amadori compounds of this invention may be used to impart a meat-like taste to 

foodstuffs, both meat and non-meat, by incorporation of the compounds or compositions 

containing them into the foodstuff and subsequent heating. The preferred heating time depends 

on the water activity, the temperature used and the nature of the Amadori compound, but 

typically it is about the time needed to fry or cook meat. 

25 

30 

The invention therefore also provides a method of conferring a meaty flavour or aroma on a 

foodstuff, comprising the addition to the foodstuff before heating of a compound as 

hereinabove described. The invention additionally provides the use of a compound as 

hereinabove described to confer on a foodstuff a meaty flavour or aroma. 
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The concentration required may vary over a wide range, depending on the desired taste and 

aroma effects, but as a general guide, they are employed in concentrations of from 5 to 5000 

ppm by weight of foodstuff in consumable form. Good results are obtained by using from 200-

2000 ppm, 

The Amadori cmnpounds of this invention may be used in combination with other known food 

additives, such as flavour compounds, aroma enhancers, and the like. 

The invention is further described ,vith reference to the following non-limiting examples. 

EXA1v1PLE l 

Preparation of Amadori compound ofL-cysteine and D-xylose 

A solution of 60.5 g (0.50 mol) L-cysteine 82.5 g (0.55 mol) D-xylose and 50 g (about 0.60 

15 mol) of a mixture of methylated pyridines in 7 50 ml demineralised water was heated to about 

95°C on a water bath in a lL round-bottomed flask equipped with a reflux condenser. After 

0,5 h, 120 g (2.0 mol) acetic acid was added and the solution was heated for a farther 6 h at 

90°C. The conversion to Amadori compound was then about 25%. The solution was cooled to 

room temperature and the solution was then continuously extracted with ether to remove the 

20 methylated pyridines, The solution was passed through a 40 x 4 cm column of Bio-Rad AG 

50W-X4 (H+) cation exchange resin. The column was washed with l L water and the absorbed 

substances were displaced from the column with 03N ammonia. Fractions containing more 

than 50% of the compound were combined and evaporated in vacuo to small volume. Atfor the 

addition of just enough ethanol to cause no cloudiness, crystalline compound separated. The 

25 pure compound did not melt but decomposed above l 70°C. 

:Found : C 37.87; H 5.96; N 5.51; S 12.65; 0 37.80. 

Cale. for CsH1sNS06 (253.27) : C 37.94; H 5.97; N 553; S 12.66; 0 37.90, 

The product was dried prior to element analysis (in vacuo over P20 5, 18 h at 69°C), 

30 The results of a 13C NlV!R spectrum (in D20; o in ppm, referenced to sodium 3-trimethy1sily1 

[2,2,3,3-2f4]-propionate) were as follows: 
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Maj or isomer 1tinor isomer assirmment 

26,9(t) 25.6(t) C6 

53.8(t) 50.2(t) C3 

61.5(d) 57.0(d) C5 

5 65.2(t) 65,2(t) CH2OH 
.., . 

71.9(d) 71.6(d) JCHOH 

75.0(d) 76.6(d) 

8L5(s) 80.9(s) C2 

173A(s) 173.0(s) ca-rboxy 1 carbon 

10 

EXAMPLE2 

Preparation of Arnadori compound ofL-cysteine and D-xylose 

L-cysteine.HCI monohydrate (17,6 g; 0.1 mol) was dissolved in 50 ml of demineralized water 

15 contained in a 150-ml round-bottomed flask. Disodium hydrogen phosphate (142 g; 0.10 mol) 

or 90% lactic acid (10 g; 0.10 mol) was added and the pH of the resulting solution adjusted to 

5,0 by slowly adding with stirring an aqueous 50% sodium hydroxide solution. The sugar 

(0.11 mol) was then added and the mixture stirred for 1 h at 50 °C to obtain an equilibrium 

mixture ofthiazolidine, cysteine and sugar. After cooling to room temperature, the pH was re-

20 adjusted to 5.4 by addition of 50% sodium hydroxide solution. The water content was adjusted 

by evaporation in vacuo to 30%;. The flask was then equipped, via a double neck adapter1 with 

a mechanical stirrer and a reflux condenser, and heated with stirring for 7 h in a thermostated 

water bath of 80 °C. The conversion to Amadori compound is 35%. Isolation ,vas performed 

as described in Example l, 

EXAMPLE3 

Continuous process for production of Arnadori compound of L-cysteine and D-xylose 

The continuous reactor consisted of a 45x2.5 ID cm glass colu...11111 with temperature control 

30 jacket packed with Bio-Rex 9 anion exchange resin (Off), 100-200 mesh. A restriction 

consisting of a 500 :x 0.3 1lli11 ID Tefl01?M tubing was connected to the column outlet to 

prevent the fom1a.tion of gas bubbles in the column. The column was thennostated at 90 °C. A 
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50% thiazolidine solution, prepared by heating equimolar amounts of cysteine and xylose in 

water for l h at 50 °C, was pumped through the column at a rate of 0.5 mlimin. Analysis of 

samples taken at regular time intervals showed that the conversion to A.madori compound 

increased from12% after 2 hrs to 35% after 6 hrs. The yield of the corresponding batch 

5 process was 225%0 The A.madori compound was isolated from the column eluate by 

evaporation in vacuo and crystallization of the residue from water-ethanol as in Example L 

10 

EXAMPLE4 

Preparation of the Amadori compound ofL-cysteine and D-ribose 

The same equipment was used as was used in Example L 12.1 g (OJ mol) ofL-cysteine, 

15g (0.l mol) of D-ribose and 27.2g (02 mol) of potassium dihydrogen phosphate in 150 ml 

demineralised water were heated for 6h at ca. 90°C under nitrogen. The resulting brown 

solution was passed through a 35 x 2,5cm column ofDowexTM 50W-X4 (Ir} cation exchange 

15 resin. The neutral components ,vere washed from the colmnn with IL water and the nitrogen­

containing substances were dispfaced from the column with 0.3N ammonia. Fractions 

containing more than 50% of the compound Vi-'ere combined and evaporated in vacuo to small 

volume. After the addition of just enough ethanol to cause no cloudiness, crystallme 

compound separated. The pure compound did not have a sharp melting point but decomposed 

20 at l32°-U5°C. The results of a 13C NMR spectmm (in D2O; o in ppm) were as foHov,rs: 

Major isomer Minor isomer assignment 

26.8(t) 25.7(t) C6 

55.2(t) 5Ll(t) C3 

25 6L9(d) 57,3(d) C5 

65,6(t) 65.3(t) CH20H 

74,0(d) 73.4(d) }CHOH 

75.9(d) 77.8(d) 

82.7(s) 81.l(s) C2 

30 174.0(s) 173.5(s) carboxyl carbon 
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EXAlV!PLE5 

Preparation of the Amadori compound of L-cysteine and L-arabinose 

PCT /CH2004/000504 

The process of Example 3 was repeated with L-,arabinose instead of D-xylose. The resulting 

5 crystalline material melted with decomposition at 171-173 °C. 

10 

15 

20 

The results of a 13C Nrv1R. spectmm (in D2O; 5 in ppm) were as follows: 

Major isomer Minor isomer assig11ment 

26.9(t) 25.8(t) C6 

54.9(t) 5L7(t) CJ 

62.l(d) 57.2(cl) cs 
65A(t) 65.6(t) CfoOH 

73.7(d) 73.9(d) } C"HOH 

77.7(d) 76,2(d) 

81.l(s) 82.8(s) C2 

174.0(s) 173.6(s) earboxyl group 

EXAMPLE6 

Preparation of the Amadori compound of L-cysteine and D-glucose 

An aqueous solution of 12.lg (0.1 mol) ofL-cysteine, 19.8g (0.1 mol) of D-glucose and 11.5g 

(0.1 mo]) of L-proline was concentrated in vacuo to a syrup containing approximately 20% of 

water. lbe syrupy mixture was heated on a water bath at 95°C for 2.5h. HPLC analysis 

showed that, in addition to the Amadori compound of L~cysteine, the Amadori compound of 

25 L-proline was also formed, in the ratio of 3:1. The brov.,11 reaction mixture was dissolved in 

500ml water and the Amadori compounds recovered as described in Example 2. The results of 

a 13C NMR spectrum (in D2O; 8 in ppm) were as follows: 
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Major isomer Minor isomer aS.filg_nment 

27.l(t) 25.9(t) C6 

54,l(t) 50.3(t) C3 

61.6(d) 57.2(d) C5 

65.l(t) 65.1 (t) C6' 

63.3(t) 63.0(t) CH20H 

71.6(d) 7l.3(d) 

lcHOH 73.3(d) 73.5(d) 

74.4(d) 76.l(d) 
J . 

81.8(s) 81.l(s) C2 

l 73.6(s) 173.0(s) carboxyl carbon 

EXAMPLE 7 

Preparation of the Amadori compound ofL-cysteine and L-rhamnose 

A solution of 3.3 g (0.30 mol) L-cysteine 49g (0.27 mol) L-rhamnose monohydrate and 30 g 

(about 0.0 mol) of a rnixture of methylated pyridines and 72g (1.20 mol) acetic acid in 450 ml 

demineralised water was heated for 8h on a steam bath in a lL round-bottomed flask equipped 

with a reflux condenser. The resulting brown reaction mixture was purified as described in 

20 Example 1. The resulting crystalline compound decomposed at 183°C. The results of a 13C 

NNIR spectrum (in D20; o in ppm) were as follm.vs: 
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Maior isomer Minor isomer 

21.1 or 2L2(q) 2U or 2L2(q) 

26'9(t) 25.9(t) 

54.3(t) 50.8(t) 

5 62.l(d) 57.0(d) 

69.9(d) 69.7(d) 

75.2(d) 74.7(d) 

75.8(d) 75A(d) 

81.3(s) 8L8(s) 

10 173.9(s) 173,5(s) 

EXAMPLE8 

Sensory evaluation of Amadori compounds 

10 

assi_grm_1_ynt 

CH3 

C6 

C3 

C5 

CHOH 

C2 

carboxy1 carbon 

PCT /CH2004/000504 

15 A beef broth was prepared. Four portions ofthis broth were treated as follows: 

Portion A: 

PmtionB: 

Pmtion C: 

20 

PortionD: 

no treatment ( control); 

addition of 480ppm (4.0mmol/L) L-cysteine + 552ppm ( 4.0 mmol/L) D-xylose; 

addition of 1 000ppm (4.0 n:1mol/L) 2-xylosylthiazolidine-4-carboxylic acid 

(prepared according to R. Bognar et al, Liebigs Ann.Chem.738, 68 (1970); 

addition of l000ppm (4.0 mmol/L) of the Amador.i compound of Example L 

The :mixtures were bottled and sterilised in an autoclave for 1 h at 100°C. On sensory 

evaluation, Mixture D was preferred, because of its much stronger meaty taste. Moreover, it 

25 lacked the cysteine-like off-taste of Mixture B and the hydrogen sulphide-like off-odour of 

Mixture C. 
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Test in a gravy 
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u 

A gravy was prepared by heating 1 00g of cmmnerciaI, flavoured margarine to 160°C. On 

5 reaching this temperature, 35ml water was added. This was used as an tmi1avoured control. 

10 

A second 1:,rravy was prepared by adding 100mg (lO00ppm) of the Arnadori compound of 

Example 2 to 100g of margarine and heating to 160°C. When this temperature was reached, 

35ml water was added. 

A taste comparison revealed a considerable preferment for the gravy containing the Amadori 

compound, because of its pronounced, nicely roast, meaty taste. 
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CLAIMS 

1. A compound of the formula I: 

CH2-CH-HN-CH --C---<'CHOH' -R lH I 2 II \ ~--
COOH O I 

in which R is hydrogen when n""l-4, or methyl when n=0-3. 

2. A method of preparing a compound according to claim 1, comprising the reaction of 

cysteine with a sugar in either aqueous solution or in a mixture of water and water­

miscible solvents. 

3. A method according to claim 2, in which the reaction is accelerated by heating, 

preferably to between 60° and 1 l 0°C. 

15 4. A method according to claim 2, in which the reaction is carried out in the presence of a 

buffer having a pH of from 1-9, preferably of from 2-6. 

20 

25 

5. A method of conferring a meaty flavour or aroma on a foodstuff, comprising the 

addition to the foodstuff before heating of a compound according to claim 1. 

6. Use of a compound according to claim 1 to confor on a foodstuff a meaty flavour or 

aroma. 
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YEASTAUTOLYSATES 

Field of the invention 

The present invention relates to yeast autolysates, to a process for producing yeast 

autolysates and to the use of yeast autolysates in food applications. 

Background of the invention 

"Autolyzed yeast" or "yeast autolysate" has been known for rnany years as a source 

of protein, peptides, amino acids, fats, minerals and 8-vitamins. The Food Chemical Codex 

defines Autolysed Yeast as follows: "Autofysed Yeast is the concentrated, not extracted, 

partia!fy soluble digest obtained from food-grade yeasts. So!ubilisation is accompiishecf by 

15 enzyme hydrolysis or autoiysis of yeast cells. Autoiysed Yeast contains both soluble and 

insoluble components derived from the whole yeast ceff'. 

A "yeast autolysate" is not the same as a "yeast extract'' as can be deduced from th 

sarne Food Chemical Codex which defines a "yeast extract" as follows: "Yeast Extract 

comprises the water soluble components of the yeast ce!I, the composition of which is 

20 primari!_v amino-acids, peptides, carbohydrates and salts. Yeast Extract is produced through 

the hydrolysis of peptide bonds by the naturalfy occurring enzymes present in edible yeast or 

by the addition of food-grade enzymes". 

The yeast autolysate therefore differs from the "yeast extract" because the yeast 

autolysate, in addition to all the interesting cornponents present in yeast extracts, also 

25 contains interesting components iike ~----glucans, mannoproteins and the yeast lipid fraction, 

present in the yeast eel! wall. Another major ciifference is that the yeast autolysate contains a 

lot of insoluble components whereas the yeast extracts only comprise the water-soluble 

components of the yeast celL A yeast extract contains more than 95% soluble material and 

usually up to 100%. In the production process of the yeast extract, the insoluble are removed 

30 by a suitable solid liquid separation whereas in the production of the yeast autolysate this 

step is lacking. The entire autolysate is subjected to a concentrating/cirying step. 

The presence of the high amount of insolubles in the prior art yeast autolysates is a 

severe disadvantage and limitation for their use in the food and/or feed indust1y. The high 

amount of insoluble solid matter results in rapid sedimentation when suspended in water. 
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For instance, a commercially available yeast autolysate BioSpringer 8S2000 was 

found to contain approximately 60% insolubles (based on dry weight) which directly sediment 

when suspended in water. 

The hirJh amount of insolubles make the yeast autolysates unsuitable for modern 

5 applications such as the injection of flavour in for instance meat. In addition, their flavour 

profile is rather limited. On top of that, the low amount of solubi!ized protein, peptides and 

amino acids in classic yeast autolysates makes them less attractive for savoury food 

applications where the final flavour profile is amongst others dependent on for instance 

Maillard reactions (reactions in which the soluble fraction is involved). 

10 Another disadvantage of prior art yeast autolysates is the almost complete absence 

or at least very low levels of 5'-GMP and 5'-IMP. This makes the prior art yeast autolysates 

unsuitable for applications where taste enhancement is desired. No commercially available 

yeast autolysate has been found which contains more than 1 .5 wt<% [5'-GMP + 5'-IMP] based 

on sodium chloride free dry matter (and wherein 5'-GMP and 5'-IMP are expressed as their 

15 2Na.7H20 salts). 

20 

It is an otlject of the present invention to so1ve the problem associated with the prior 

art yeast autolysates and to provide yeast autolysates with a higher amount of solubles as 

well as a process for their production. 

Detailed description of the invention 

Definitions 

~ Food Chemical Codex: Autolysed Yeast is the concentrated, not extracted, partially 

soluble digest obtained from food-grade yeasts. Solubilisation is accomplished by 

25 enzyme hydrolysis or autolysis o"f yeast cells. Autolysed Yeast contains both solubie and 

insoluble components derived from the whole yeast cell. 

11 Food Chemical Codex: Yeast Extract comprises the water soluble cornponents of the 

yeast cell, the composition of which is primarily amino-acids, peptides, carbohydrates and 

salts. Yeast Extract is produced through the hydrolysis of peptide bonds by the naturally 

30 occurring enzymes present in edible yeast or by the addition of food-grade enzymes. 

~ The "dry solids ratio" is defined herein as the ratio between solubilised solids and total 

solids of the yeast autolysate. The dry solids ratio is determined as follows: 5 grams of 

yeast autolysate is added to 100 grams of boiling waler in a 200 rnl glass beaker. The pH 

is approximately 6. The resulting suspension is stirred for 20 minutes with no ex1:ra 

35 heating. The experiment is carried out at room temperature and therefore the 
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temperature of the suspension will siowly decrease. After 20 minutes and when the 

suspension has reached a temperature of between 20 and 70°C, 5 ml of the suspension 

is filtered over a 0.45 11rn filter (0.45 µm GD/X PVDF syringe filter, 25 mm diameter, 

Whatman), and the permeate is collected. The dry solids in the permeate and the dry 

5 solids in the initial suspension are determined using a dry solids balance. Approximately 

2 grams of the suspension is applied onto a filter paper, which is then applied to a Smart 

System5 Moisture / Solids Analyzer Infra Red reader (GEM Matthews). The dry solids 

ratio is calculated as follows: 

10 

dry solids in the permeate (g) 

Dry solids ratio = X 100% 

dry solids in the initial suspension (g) 

11 Yeast is defined herein as a solid, paste or liquid comprising yeast cells such as a 

fermentation broth used for the production of yeast or a cream yeast as used in the 

baking industry and \Vhich is a concentrated and washed suspension of yeast celis and 

which may have a yeast dry matter between 20-25% or even higher, or an active or 

15 instant dried yeast or any other form of product which comprises yeast cells. 

In a first aspect the present invention provides a yeast autolysate having a dry solids 

ratio as defined herein before of 250% and :s;95%. More preferably, the yeast autolysate has a 

dry solids ratio of ~55%, more preferably ~60%, more preferably ~65%, more preferably 

20 270%, more preferably 275%, more preferably 2:80%, more preferably 2:85 and s95% based 

on sodium chloride free dry matter of the yeast autolysate. Preferatlly, the yeast autolysate 

has a dry solids ratio of :S:90%. For a yeast autolysate containing sodium chloride, the value 

of the corresponding dry solid ratios will be higher due to the high solubility of sodium 

chloride. For instance, when a yeast autolysate without sodium chloride with a dry solids ratio 

25 of 50% is formulated with sodium chioride to a final sodium chloride concentration of 40 wt% 

(i.e. 60% yeast material), the resulting formulated yeast autolysate will have a dry solids ratio 

of 40 (NaCl) + 50% of 60% (yeast material) = 70%. 

In a preferred ernbodirnent, the yeast autolysate of the invention further cornprises 5'­

ribonucleotides. In the context of the present invention, "5'-ribonucleotides" refers to the total 

30 amount of 5'-monophosphate ribonucleotides formed during RNA degradation: 5'-
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monophosphate guanine (5'-GMP), 5'-monophosphate uracil (5'-UMP), 5'-monophosphate 

cytosine (5'-CMP), 5'-rnonophosphate adenine (5'-AMP), where 5'-AMP may be partially or 

completely converted into 5'-monophosphate inosine (5'-IMP). Preferably, the yeast 

autolysate of the invention comprises at least 0.75% w/w 5'-GMP on sodium chloride free dry 

5 matter, more preferably at least 1% w/w 5'-GMP, more preferably at least 1.5% wiw 5'-GMP 

more preferably at least 2% w/w and most preferably, the yeast autolysate of the invention 

comprises at least 2.5% w/w 5'-GMP on sodium chloride free dry matter. Weight percentage 

calculations of the 5'-ribonucleotides are based on the disodium salt heptahydrate thereof 

unless otherwise specified. All percentages are calculated on sodium chloride free dry 

10 matter. In the present invention, the phrase "sodium chloride free dry matter" refers to the 

fact that for the calculation of the weight percentage the weight of any sodium chloride 

present is excluded from the yeast autolysate of the invention. The measurement of sodium 

chloride in the composition and t~1e above-mentioned calculation can be performed by 

methods known to those skilled in the art. 

15 Due to the constitution of RNA, 5'-UMP, 5'-CMP and 5'-AMP wili also be present, but 

these nucleotides do not contribute significantly to taste or flavour enhancement When 5'­

AMP is transformed into 5'-IMP, typically by adenylic deaminase, the autolysate will 

comprises 5'-IMP, which contributes to flavour enhancement. Therefore, yeast autolysates 

containing 5'-IMP are also encompassed by the present invention. Preferably, the yeast 

20 autolysate of the invention comprises at least 0, 75% w/w 5'-IMP on sodium chloride free dry 

matter, more preferably at least 1 % w/w 5'-IMP, more preferably at least 1.5% w/w 5'-IMP, 

more preferably at least 2% w/w 5'--IMP and most preferably, the yeast autolysate of the 

invention comprises at least 2.5% w/w 5'-IMP on sodium chloride free dry matter. It will be 

understood by the skilled person, that it is highly preferred that the yeast autolysate of the 

25 invention comprises both 5'-GIV1P and 5'-IMP in the concentrations given above. 

The yeast autolysate of the invention rnay further cornprise salt, preferably sodiurn 

chloride. Preferably, the yeast autolysate of the invention comprises ~ 5% and s; 50% w/w 

sodium chloride. More preferably, the yeast autolysate of the Invention comprises at least 

10%, more preferably at least 20%, more preferably at least 30%, more preferably between 

30 35 and 45%,, most preferably 40% - all w/w. Preferably, the yeast autolysate of the invention 

comprises s; 50% sodium chloride (w/w). 

The yeast autolysate according to the present invention has as a major advantage in 

cornparison wit~1 the prior art yeast autolysates that a greater fraction of the cell yeast 

constituents is solubilised. As a result thereof, a larger fraction of the cell constituents can 

35 contribute to flavour formation or enhancement in subsequent food applications. In fact, the 
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functionality of the cell's constituents is utilised more efficiently. This is also reflected in the 

wider flavour profile which may be achieved with the autolysates according to the invention. 

A yeast autolysate of the present invention may therefore suitably be used in or as a carrier 

of top notes, in or as an ingredient for reaction flavour generation or in or as a flavour 

5 enhancer. The degree of solubilisation is so high that the autolysate of the present invention 

rnay advantageously be used in feed or food applications which require solubility higher than 

those of classic yeast autolysates. For example, the yeast autolysate of the present invention 

may suitably be used for rneat injection, because it will not clog the injector. Solubilisation is 

reflected by the dry solids ratio in that a higher dry solids ratio results in a higher solubility. 

10 The higher the dry solids ratio, the higher the degree of solubilisation and the more peptides, 

amino acids and other compounds are available for participating in flavour generating 

reactions. 

The yeast autolysate of the present invention dii'fers frorn a yeast extract because ii 

also contains valuable cell wall constituents, like beta-glucans, mannoproteins and the yeast 

15 lipid fraction. Beta glucans are known to have a positive effect on the immune response, 

while mannoproteins rnay contribute to Maillard reactions (and hence to f1avour and taste). 

Similarly, lipids also positively influence the taste and/or flavour profile. 

In a second aspect the invention provides a process for preparing the yeast 

autolysate of the invention having a dry solids ratio of ?.:50t% and s95%, more preferably 

20 having a dry solids ratio of 2'.55%, more preferably ~60%, more preferably ~65%, more 

preferably e::70%, more preferably ?.:75%, rnore preferably c::80%,, more preferably <'::85 and 

s95% based on sodium chloride free dry matter of the yeast autolysate, preferably :.:,90% 

comprising: 

a. subjecting yeast - as defined hereinbefore - to autolysis or hydrolysis at pH 4-7 and at a 

25 temperature in the range of 30-70°C in the presence of a protease; and 

b. concentrating the complete reaction rnixture to yield the yeast auto1ysate, 

with the proviso that the process does not comprise a solid liquid separation step in order to 

For instance separate insoluble cell walls from soluble cell components. The concentrated 

reaction mixture obtained after step b) is preferably dried by techniques known in the art. 

30 In order to make the yeast autolysate of the invention comprising salt, preferably 

sodium chloride, the latter may be added during any step of the process but preferably 

before the drying step, For instance part of the salt may be added during step a) and the 

remainder before or after step b), or ail rnay be added in step a) or before or after step b). 

The salt may be added as a solid, or in the form of a salt solution. The amount of salt to be 
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added will depend on the required salt content of the yeast autolysate and may easily be 

determined by the skilled person. 

In the process of the invention, the yeast which is subjected to autolysis or hytirolysis 

is preferably cream yeast as defined hereinbefore. In another embodiment of the invention, 

5 the yeast which is subjected to autolysis or hydrolysis is a yeast fermentation broth. The 

advantage of using the yeast fermentation broth as a starting material for the autolysis or 

hydrolysis instead if using cream yeast is an increased yield and a reduced cost price of the 

yeast autolysate since the intermediate concentrating and washing steps to obtain cream 

yeast can be omitted. Different starting materials will lead to yeast autolysates with a different 

10 taste profile. 

The yeast rnay be any type of food-grade yeast, for example baker's yeast, beer 

yeast or wine yeast. Preferably, a yeast strain belonging to the genera Saccharomyces, 

Kfuyveromyces, Candida or Torula is used. In a preferreci ernbodirnent a yeast strain 

belonging to the genus Saccharomyces, Le. Saccharomyces cerevfsfae, is used. 

15 In one preferred ernbodirnent, the yeast autolysate of the present invention is 

obtained by autolysis of yeast. In the context of the present invention, auto1ysis of yeast 

refers to a process well-known and described in the art, see e.g. Savory flavors, Tilak W. 

Nagodawithana, Esteekay Associates inc. ·1995. Autolysis is the deoradation of the yeast by 

its own endogenous enzymes after the yeast's cell wall has been damaged or disrupted. 

20 Damage or disruption of the cell wali rnay be effec!ed by any suitabie rneans, for exarnple 

mechanically, chemically or enzymatically. A typical autolysate is rich in peptides and amino 

acids as compared to the total protein pool. 

The process may be accelerated by lr1e addition of exogenous enzymes" In one 

embodiment of the invention, autolysis is accelerated by the addition of one or morn 

25 proteases, peptidases and/or glucanases. 

In another preferred ernbodirnent, the yeast autolysate of the present invention is 

obtained by hydrolysis of yeast. In the context of the present invention, hydrolysis of yeast 

refers to the process which is generally described as controlled lysis of the yeast cell. After 

inactivation of the yeast's endo~Jenous enzymes, yeast degradation is performed by 

30 exogenously added enzymes. In one embodiment one or more proteases, peptidases and/or 

glucanases are added to hydrolyse the yeast. 

The protease or peptidase used for preparing the yeast autolysate may be of 

vegetable, bacterial or fungal origin and may be of distinct specificity, for exarnple praline, 

cysteine. serine, glutarnine or leucine specific. Suitable examples are included in EC 3.4.X 

35 and subclasses. Preferably, the protease is an endoprotease" More preferably the protease 



Motif Exhibit 1150, Page 1411 of 1599

Case No.: IPR2023-00208 
U.S. Patent No. 11,224,241

WO 2009/007424 PCT/EP2008!059013 

7 

is a bacterial or a fungal endoprotease. The glucanase which may be used for preparing the 

yeast autolysate may also be of vegetable, bacterial or fungal origin, in particular those 

belonging to the class EC 3.2.1.6 enzymes, 

In one embodiment, the yeast autolysate of the present invention is obtained usinrJ a 

5 combination of one or more proteases and/or peptidases andior glucanases, In a preferred 

embodiment, an endoprotease and a glucanase are present to produce a yeast autolysate by 

autolysis or hydrolysis. The enzymes of the combination may be added simultaneously or 

consecutively. They may be added in one portion or in several portions. In another 

embodiment, the enzymatic treatment is combined with mechanical treatment. 

10 The amount of enzyme to be added will depend on several factors, such as on the 

enzyme(s) which is (are) used and whether or not a combination with other treatments, such 

as mechanical treatment is applied. Typically, the one or more proteases, peptidases or 

glucanases are used in concentrations where the enzymes are in excess, which can easily 

be determined by the person skilled in the art. For economical reasons, the lowest amount of 

15 excess may be used. 

The prior art processes producing the prior art yeast autolysates with low dry solids 

ratios (i.e. below 50%) are, for cost reasons, carried out in the sho1iest time course as 

possible, using the srnallest arnount of enzyme possible. A high dry solids ratio is not 

appreciated as a valuable property of the yeast autolysate. The yeast autolysates of the 

20 present invention rnay be obtained by lhe process of the invention. The difference between 

the process of the invention and the prior ari processes resides in a higher degree of 

autolysis or hydrolysis of the yeast cell material. These higher degrees of autolysis or 

hydrolysis may be obtained by using more protease anci/or by incubating for a longer tirne 

and/or at a higher temperature. Of course, the temperature should not be so high that it will 

25 damage the enzyme(s) used. The protease amounts required and optimal conditions in order 

to obtain the yeast autolysates of the present invention will be dependent on the cornbination 

of the type and the amount of enzyme used, the digestion time and the temperature. With 

routine optimisation, the skilled person can without undue burden deterrnine the optimal 

conditions to obtain a dry solids ratio of at least 50% using a given enzyme and a given 

30 enzyme concentration, Alternatively, at a given temperature and/or maximum time of 

digestion, the skilled person can readily determine the amount of enzyme to be added in 

order to obtain the yeast autolysate of the invention" Suitable incubation times for step a) of 

the process of the invention rnay be from 1-50 hrs, preferably 2-40 hrs, more preferably 3-30 

hrs, most preferably 5-20 hrs. A suitable pH for step a) of the process of the invention is a pH 

35 between 4 and 7, more preferably between 5 and 6, rnost preferably between 5.5 and 6.0. A 
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suitable temperature for step a) of the process of the invention is between 30 and 70°C, 

rnore preferably between 40 and 60°C, rnost preferabiy between 45 and 55"C, e.g. 50"C. 

In one embodiment of the process of the invention, prior to step b ), the reaction 

mixture obtained in step a) is subjected to further enzymatic treatment to produce 5'-

5 ribonucleotides and optionally an enzymatic treatment to convert 5'-AMP into 5'-IMP. In one 

embodiment, a 5'-ribonucleotide containing yeast autolysate is prepared by a process which 

comprises incubation with phosphodiesterase according to methods known in the art, 

preferably at a pH in the range of 4.8-5.5 and preferably at a temperature in the range of 55-

680C. Controlled hydrolysis allows for the production of yeast autolysates which contain 5'-

10 ribonucleotides. 

The yeast autolysate may be concentrated by methods known in the art, such as by 

reverse osmosis, ultrafiltration or evaporation. In a preferred ernbodiment, the yeast 

autolysate is concentrated by evaporation. After concentration, the yeast autolysate rnay be 

dried and formulated. In a preferred embodiment, the yeast autolysate is concentrated by 

15 evaporation and spray dried. 

Using the process of the invention, yeast autolysates may be obtaineti with improved 

performance with regard to injectability, taste enhancement and flavour profile. Novel flavour 

profiles may be obtained depending on the yeast fraction which is used and depending on 

whether the yeast fraction has been subjected to autolysis or hydrolysis. Depending on the 

20 lysis rnethoci used, the yeast auioiysate rnay comprise 5'-ribonucleotides in addition to the 

cell wall or eel! wall components, proteins, peptides, amino acids, minerals, carbohydrates, 

B-vitamins. 

In a third aspect, the present invention relates to the use of a yeast autolysate 

according to the invention in the feed, in particular the pet-food industry, or food industry, in 

25 particular the meat and meat processing industry. The products of the invention may be used 

as or in a flavour provider, e.g. in process flavour reactions, as or in a flavour enhancer. as or 

in a flavour improver, as or in a top note carrier. In one embodiment, the yeast autolysate is 

used in or as a tabletop application. A flavour enhancer, a flavour irnprover, a top-note carrier 

or a table-top application which comprises a yeast autolysate accordin1::_i to the invention is 

30 also encompassed in the present invention. The flavour enhancer, flavour irnprover, top-note 

carrier or table-top application may comprise 0.1-30'% w/w of the autolysate of the present 

invention. 

EXAMPLES 

35 
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Example 1 

Generation of a yeast autolysate from cream yeast by autolysis 

One iiter of cream yeast of Saccharomyces cerevisiae was heated to 50"C. 

Subsequently, 2 ml Alcalase® (Sigrna Aldrich, containing protease from Bacillus 

!icheniformis) was added and the mixture was incubated for 20 hours without pH adjustment 

Solid sodium chloride was added so as to give a yeast autolysate with 40 wt% salt. Finally, 

the salt containing reaction mixture was concentrated by evaporation and spray-dried. 

The resulting powder was analyzed for its composition and the results are presented 

in Table ·1. The results demonstrate the very high amount of solubilised soi ids in the yeast 

autolysate. Sedimentation tests have demonstrated that it takes about 24 hours before 

sedimentation starts, whiie this only takes seconds to minutes in prior art yeast autolysaies 

15 Table 1 - Composition of the yeast autolysate of Example i 

20 

Component % 
dry solids ratio " 86 
dry solids ratio "' 1 76 
Nitrogen (Kjehldahl'i1 WA 
Protein (N * 6.25) · 65.0 
Amino nitrogen 1 3.6 
Amino nitroqen/total nitroqen (AN/TN) 34.8 
Ash·1 6,0 
Solids {cell walls) 1 30.0 
Free amino acids /total amino acids 37,1 
Glutarnic acid 1 4.0 

* Based on filterability of a 5% suspension over a 0.45 µm filter. ' on NaCl free dry matter 

Example 2 

Generation of a yeast autolysate from cream yeast by hydrolysis 

One liter of crearn yeast of Saccharamyces cerevfsfae was heated at 95°C for 5 

minutes and subsequently cooled down to 50°G. Next, 2 ml Alcalase® (Sigma Aldrich, 

containing protease from Bacillus ficheniformis) was added and the mixture was incuba!ed 

25 for 6 hours without pH adjustment. After this incubation, the mixture was treated with 5' 

phosphodiesterase for 15 hours at pH 5.3 and 65 "C to hydrolyse the RNA. After this, the 

mixture was treated with deaminase (Amano) for 5 hours at pH 5.1 and 55"C to convert the 

5'-AMP into 5'-IMP. Solid sodium chloride was added so as to give a yeast autolysate with 40 
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wt%, salt Finally, the salt containing reaction mixture was concentrated by evaporation and 

spray-dried. 

The resulting powder was analyzed for its composition and the results are presented 

in Table 2 which shows the very high amount of solubiiised solids present in the yeast 

5 autolysate. The results in Table 2 also demonstrate the presence of more than 1.5'% wiw 5' 

GMP and 5;1MP on the basis of NaCl free dry matter, which have never been reported before 

for yeast autolysates made by hydrolysis. 

Table 2 - Composition of the yeast autolysate of Example 2 

Component % 
Orv solids ratio* 80 
Dry solids ratio' 67 
Nitroqen (Kiehldahl)1 10.2 
Protein (N * 6.25)' 63.8 
Amino nitroqen' 3.5 
Amino nitro!=jen/total nitrogen (ANiTN) 34.3 
Ash 1 5.9 
Solids (cell wallsY1 32.1 
Free amino acids/total amino acids 17.3 
5'-GMP 1 2.6 
5'-IMP 1 3 f'\ .u 

Glutamic acid 1 2.1 
10 * Based on filterability of a 5% suspension over a 0.45 µm filter. ' on NaCl free dry matter 

Example 3 

15 Generation of a yeast autoiysate by autoiysis of a fermentation broth 

One llter of fermentation broth of Saccharom_vces cerevisiae was heated to 50°C. 

Subsequently, rnl Alcalase@ (Sigma Aldrich, containing protease from Bacillus 

Jicheniformis) was added and the mixture was incubated for 20 hours without pH adjustment. 

20 Solid sodium chloride was added so as to give a yeast autolysate with 40 wt% salt. Finally, 

the salt containing reaction rnixture was concentrated by evaporation and spray-dried. 

25 

The resulting povvder was analysed for its composition and the results are presented 

in Table ;3 and demonstrate the very high amount of solubilised solids in the veast autolysate 

according to the invention (dry solids ratio 85%). 

Ttl 9 C a) e .:i T ompos110n o fth e veas t I au o:ysa e o --xamp e , fE I 3 
Component % 
Dry solids ratio* 85 
Orv solids ratio 1 75 
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__ Nitro_g_en _{Kj_ehlda~l)1 7.2 
Protein (N * 6.25)' 45.0 
Arnino nitrogen1- 2.4 
Amino nitroqen/tota1 nitroqen (AN/TN) 34:1 
Ash 1 21.5 
Solids (cell walls)' 29.7 
Free amino acids/total amino acids 37A 
Glutamic acid 1 2.2 
Betaine 1 6,9 

* Based on filterability of a 5% suspension over a 0.45 pm filter. 'on NaCl free dry matter 

Example 4 

Comparison of dry solids ratios 

The dry solids ratios of autolysates according to the invention were compared with the 

dry solids ratio of a comrnercial sarnple. Therefore 5 grarns of each autolysate powder ,Nas 

10 suspended in boning water and the total weight was made up to 100 g with water. Next, the 

different suspensions were filtered over a 0.45 µrn filter. The dry solids ratio is a measure for 

the amounts of dissolved solids in the autolysate. The results are presented in Table 4. 

15 

Table 4 - Comparison of the solubility of different autolysates 

Dry solids level in Dry solids ratio 

Yeast autolysate 
suspension permeate autolysate as Based on 

such NaCl-free dry 
(%) (%) (%) matter(%) 

BioSprin~Jer 2000 5.04 2.03 40 40 

Autolysate from Example 1 4.66 4.00 86 76 

Autolysate from Example 2 4.82 3.86 80 67 

Autolysate from Example 3 4.79 4.07 B5 75 

The results presented in Table 4 clearly demonstrate that the commercial yeast 

autolysate has lower levels of solubilised solids than the yeast autolysates according to the 

invention. 



Motif Exhibit 1150, Page 1416 of 1599

Case No.: IPR2023-00208 
U.S. Patent No. 11,224,241

5 

10 

WO 2009/007424 PCT/EP2008!059013 

12 

Example 5 

Flavour profile of the new yea.st a.uto!ysa.tes 

The autolysates from Examples 1, 2 and 3 were tested by a test panel. The results 

are presented in Table 5 and show that the flavour and taste of the autolysates prepared by 

the method of the invention varies depending on the starting material and the lysis rnethod 

which is used. Flavour profiies ranges from yeasty to meaty and liquorice. 

Taste Smell 

Autolysate example 1 Yeasty, bouillon, slightly sulphuric Suiphuric, yeasty 

Autolysate example 2 Sweet, full, slightly bouillon Slightly yeasty 

Autolysate example 3 Meaty, yeasty, liquorice, sweet Sweet, bouillon 
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CLAIMS 

·1. Yeast autolysate havinrJ a dry solids ratio of ?.:50% and :S:95% based on sodium 

5 chloride free dry matter of the yeast autolysate. 

2. Yeast autolysate according to claim 1 comprising at least 0.75% w/w 5'-GMP on 

sodium chloride free dry matter of the yeast autolysate. 

10 3. Yeast autolysate according to claim 1 or 2 which comprises at least 0.75'% w/w 5'-

15 

20 

25 

IMP on sodium chloride free dry matter of the yeast autolysate. 

4. Yeast autolysate according to any of the preceding claims further comprising salt, 

preferably sodium chloride. 

5. A process for preparing the yeast autolysate as defined in any of claims 1-4 having a 

dry solids ratio of :2:50% and ::;;95% comprising: 

a. subjecting yeast to autolysis or hydrolysis at pH 4-7 and at a temperature in the 

range of 30--70°C in the presence of a protease: and 

b. concentrating the complete reaction rnixture lo yield the yeast auiolysaie 

with the proviso that the process does not comprise a solid liquid separation step. 

6. The process according lo claim 5 further comprising the step of drying !he 

concentrated reaction mixture obtained in step b ). 

7. The process according to any of claims 5-6 further cornprising adding salt, preferably 

sodium chloride. 

8. Process according to any of daims 5~7, wherein the yeast is cream yeast or a 

30 fermentation broth. 

35 

9. Process according to anyone of claims 5-8, wherein the yeast is a species from the 

genera Saccharomyces, Kluyveromyces, Candida or Torufa, preferably the genus 

Sacchamrnyces, more preferably Saccharomyces cerevisiae 
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10. Process according to any of claims 5-9 where the yeast is subjected to autolysis and 

the protease is an endogenous protease of the yeast 

·1 ·1. Process according to claim 10 comprisinrJ the addition of the addition of one or more 

5 proteases, peptidases andior glucanases. 

12. Process according to any of claims 5-9 where the yeast is subjected to hydrolysis and 

the protease is added after inactivation of the yeast endogenous enzymes. 

10 13, Process according to claim 12 further comprising the addition of one or more 

15 

20 

proteases, peptidases andior glucanases. 

14. Process accorciing to clairn 10, wherein the further treatrnent comprises further 

enzymatic treatment to produce 5'-ribonucleotides and optionally a further enzymatic 

treatment to convert 5'-AMP into 5'-IMP. 

15, Use of a product obtained by a process according to anyone of claims 4-15 or a yeast 

autolysate according to anyone of claims 1-3 in a process flavour reaction, in rneat 

applications, as or in a flavour enhancer, as or in a flavour improver, as or in a top 

note carrier or as or in a table-top application. 

16. A flavour enhancer, a meat product, a flavour improver, a top--note carrier or a table­

top application which comprises a yeast autolysate according to anyone of claims 1-

4. 
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MEAT SUBSTITUTE PRODUCT 

FIELD 

[0001] The present disclosure relates generaJ!y to a meat substitute product Aspects of 

the disclosure are particularly directed to a meat substitute product consisting of a meat 

substitute, starch(es), hydrocolloid(s), and oil(s) from a vegetable source(s). 

BACKGROUND 

[0002] Many people are choosing to limit the amount of meat in their diet Specifically, 

people are looking to reduce the amount of animal fat in their diets. Animal fat is a primary 

source of saturated fat, which raises blood cholesterol, 

[0003] Despite the desin~ to limit meat in the diet, people nonetheless ·want to cat products 

that were traditionally meat··based products, such as burgers. Non-meat burgers can be made, for 

example, from vegetables, legumes, nut, dairy products, mushroorn.s, grain or t,~xtlm~d Vt'.getable 

protein. 

[0004] Fat in a non--meai burger, and other rneal substitutes, plays a vital role in a variety 

of sensory attributes, indudingjuiciness, mouth feel and flavor. When a meat substitute product 

has lower amounts of fat, there is a tendency fi.,r the cooked product to be less desirable in 

regards to juiciness, mouth feel and flavor. On the contrary, \'vfa:.n a meat substitute product has 

an optimal amount of fat, it is more desirable in terms of juiciness, mouth feel and flavor. 

[0005"! Meat substitute products also are an appropriate system for the application of 

funcLional fats. A functional food ingredient is dd"lm~d as an ingredient or food that provides 

potential health benefits beyond basic nutrition. These functional components can be naturally 

occurring or may be added to certain foods. Such ingredients include but are not limited to 

Omega~3 fatty acids, antioxidants, pbytosterois and dietary fibers. The functional fat system 

would serve as a delivl~ry medium to deliver functional ingredients into processed meat products. 

SUMMARY 

[0006J This invention allows for the production of a meat substitute product V>'ithout 

sacrificing sensory attributes. Tb.'.rc is a nutritional/sensory interaction \Vhich allows for the 
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addition of a modifying agent to textured soy protein meat substitute which increases the sensory 

attributes of the product 

[0007] One embodiment of this invention is directed toward a meat substitute composition 

comprising a meat substitute, a starch, a gum and an oil from a non-animal source. 

DETAILED DESCRIPTION 

[0008] The present invention will now be described in more detail. 

[0009] The meat composition of the present invention comprises (A) meat substitute, (B) 

starch(es), (C) hydrocolloid(s), and (D) oH(s) from a vegetabic source(s). 

[001 O] Component A: :t\,feat Substitute, The meat substitute composition can be 

vegetables, legumes, nuts, dairy products, eggs, mushrooms, grains or vegetable protein. 

[ 0(11 I] Component B: Starch. Starch is a carbohydrate polymer. Starches arc comprised 

of amylose and arnylopectin and are typically in ihe fbrm of granules. Amylopt'.ctin is the major 

component (about 70-80%) of most starches. It is found in the outer po1iion of starch granules 

and is a branched polymer of several thousand to several hundred thousand glucose units. 

Amy!ose is the minor component (about 20-30'}~) of most starches (there are high amylose 

starch~~s with 50 to 70'Vi) amylose). It is found in the inner portion of starch granules and is a 

linear glucose polymer of several hundred to several thousand glucose units. 

[0012 J Sources of starch include but are not limited to fruits, seeds, and rhizomes or 

tubers of plants. Common sources of starch include but are not limited to rice, ,vheat, corn, 

potatoes, tapioca, arrowroot, buck iNheat, banana, barley, ci:,ssava, kudzu, oca, sago, sorghurn, 

sweet potatoes, tarn and yams, Edible beans, such as favas, lentils and peas, are also rich in 

starch. 

[0013] Some starches are classified as waxy starches, A waxy starch contains high 

amounts of arnylopectin with very little amylosc, Common v,,1axy starches include waxy maize 

starch, waxy rice starch, and waxy wheat starch. 

[0014] A modified starch is one that has been altered from its native state, resulting in 

modification of one or more of its chemical or physical properties, Starches may be modified, 

for example, by enzymes, oxidation or, substitution with various compounds. Starches can be 

rnodified to increase stability against heat, acids, or freezing, improved texture, increase or 

decrease viscosity, increase or decrease gelatinization times., and increase or decrease solubility, 

2 
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among others. 1\fodified starches may be partially or compk~tely degraded into shorter chains or 

glucose molecules. Amylopedin rn.ay be debranchecL Starches that are modified by substitution 

have a different chemical composition. A nOSA starch is a modified starch that has been 

partially substituted 'Nith n-octenyl succinic anhydride. 

[0015] Component C: Hydrocolloid. HydrocoHoids are a family of long chain water 

soluble polysaccharides and are generally carbohydrate based which affect the viscosity/gelling 

of aqueous soiutions. Common examples are locust bean gum, carrageenan (seavveed extract), 

guar gum, xanthan gum, gellan gum, scleroglucan, agar, pectin, alginate, cellulose derivatives, 

and gum acai.~ia. These are broadly classified as gums. Starches and gelatin are sometimes 

characterized as hydrocolloids. One skilled in the art can use combinations of starches, gelatin, 

and gmns to achieve desired texture and melt properties. 

[0016 J Component D: Oil frorn vegetable source(s) A lipid material composed of a 

mixture of generally triacylglycerides from non-animal sources such as soya, olive, rapeseed, 

avocado, palm, palm kernel, coconut, cocoa, peanut, corn, flax, sunflow·er, saf11o\ver, and 

cotwnsetxL These lipids may be solid or liquid at room temperature depending on the chain 

lengths of the fatty acids, degree of saturation, and method of hydrogenation. Oils from multiple 

sources rnay be combined or certain fractions removed by processing such as winterization. 

[0017] One significant benefit of this invention is to replace the animal oils with oils that 

have a dietary functional use. 

EXAMPLES 

[00]8] Various products have been manufactured. Fach comprises a fat mimetic and a 

meat substitute. The examples belovv are merely illustrative and not limiting. 

Ingredient Percentage 

Water 40-60% 

Vegetable Shortening 15-35% 

Acid Thinned Starch 7---15°;0 

Acid thinned nOSA starch, (EmCapTM 06375) s-12'1/o 
-----

Viscosifying nOSA starch, (DdiTexTM 75320) 3-WVi} 



Motif Exhibit 1150, Page 1426 of 1599

Case No.: IPR2023-00208 
U.S. Patent No. 11,224,241

i 

WO 2012i075088 

N00114USP1 

Kappa Carragccnan, (SatiagelTM ME4) 

Salt 
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1-3% 

0-4%, 

0-3'¾) 

[0019] All ingredients are compiled and then heated with agitation to 165 to 170°F using a 

Blentcch model CC-10 at lmv speed. Direct steam injection is quickest method, but other 

methods are possible. Product is hot filled and cooled, After refrigeration fr)r a minimum of 24 

hours the product can be ground, diced, grated, or shredded to desired size. 

Veggy Burger 

fo2redient Percentage 

Water 45,6% 

Textured soy JJ om 20,0%1 

Vegan fat mimetic 20,0'% 

Flavors, seasonings, salt, and rolors 5A1% 

Soy Flour 3.0°.Jii 

Methylcellulose 2.0% 

Autolyzed yeast extract 2.0%) 

l\.1 odificd v,rheat gluten 2J)%i 

Add dry kxlured soy flour to mixer with 2i3 \Vater and mix for five mim.:nes. Add 

wheat gluten, fat mimetic, soy ffour and methylcelluiose to mixer and start mixing. Add 

remaining l/3 water and mix for ten minutes until tacky. Add remaining dry ingredients and mix 

for five to ten minutes. Form patties and cook to internal of 165°F. 

4 
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We claim: 

1. A meat substitute composition comprising: 

Meat substitute, 

0.5•• l O'Vii by ·weight of starch, 

0.02-2~/o by -;,veight of hydrocolloid, and 

0.5-10%; by weight of vegetable oil. 

PCT/US2011/062549 

2, The meat substitute composition of claim 1 where the meat substitute is selected from the 

group consisting of one or more of vegetables, legumes, nuts, dairy products, eggs, mushrooms, 

grains and vegetable proteins. 

3. The meat substitute composition of claim 2 where 1be vegetable protein is textured soy 

flour. 

4. The meat substitute composition of claim 1 where the starch is selected from the group 

consisting of rnodified corn starches, modified tapioca starches, modified potato starches, 

modified rice starches, modified wheat starches, and modified sago starches. 

5. The meat substitute composition of claim l where the hydrocolloid is selected from the 

group consisting of one or more of l.ocust bean gum, ,;arrag~~~iw.n (St'.awet:d extrad), guar gum, 

xanthan gum, gellan gum, scleroglucan, ,1gar, pectin, alginate, cellulose derivatives, gum acacia, 

and gelatin. 

6, The meat substitute cornposition of claim 1 Vs-'hcrc the vegetable oil is selected from the 

group consisting of one or more of soya, olive, canola, avocado, palm, palm kernel, coconut, 

cocoa, peanut, corn, flax, sunflower, saffiower, and coitonseed. 

7. The meat substitute composition of dairn 1 \Vhere the amount of meat substitute is not 

less than 5%, by weight 

5 
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8. The 111eat substitute composition 0f claim l where the amount of meat substitute is not 

less than 10% by ·wdght 

9. The meat substitute composition of da.im I where the concentration of starch is between 

0.5'% and 7.0%, by weight. 

10. The meat substitute composition of claim 1 \.Vhere the concentration of starch is between 

0.5% and 5.0~o by weight. 

1 l. The meat substitute composition of claim 1 where the concentration of hydrncollotd ts 

betv,reen O.OY% and LO% by weighL 

1 ·1 The meat substitute composition of claim l where the concentration of gum is between 

0.1 '1/i; and OS10 by V11eight 

13. The m.eat substitute composition of claim 1 where the concentration of vegetable oil is 

betvvcen I% and 7% by weight. 

14. The meat substitute composition of claim 1 \.Vherc the concentration of vegetable oil is 

bct\veen l 0.1,, and 5% by \veight. 

15. Th;; meat substitute composition of claim 1 1.:vhcre the product is a form of loafs, chubs, 

patties, crumbles, or links. 

I 6. The meat substitute composition of claim 1 where the product has been extruded. 

17. The meat substitute composition of claim l where the product is in the form of a patty. 

18" The meat substitute product of clairn 1 where the product has been cooked and is in the 

form of crumbles, links, pal.lies, or roasts. 

6 
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publisher, city and/or country where published. 

1 Extended European Search Report for International Application No. EP 21161324.5, dated September 22, 2021, 12 
□ pages 

2 
KOLODYAZNAYA, "Pishchevaya khimiya {Food chemistry]," St Petersburg, SPBGAKHPT Pub!. 1999, Translation, 4 [z::J pages, St Petersburg, Russia 

3 
LISITS!N et al., "Analogues of meat products v,ith functional properties", All about meat, 2007, Translation, 6 pages, [z::J Russia 

. 

If you wish to add additional non-patent literature document citation information please click the Add button 

EXAMINER SIGNATURE 

Examiner Signature I I Date Considered 
I 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kmd Codes of USPTO Patent Documents at \l\¾"N.USVrO.GOV or ~ ... 1PEP 901.04. 2 Enter office that issued tti.e docun1enl. by the two-letter code (\NIPO 
Standard ST.3}. 1 For .Japanese paten! documents, !Ile indication of tl1e year of the reign of the Emperor mus! precede the serial number of the paten! document 
4 Kind of document by tl1e appropriate symbols as indicated on !he document under W!PO Standard ST ·16 if possible 5 Applicant is lo place a check marl< here it 
English language translation is attacfled. 
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Application Number 15913090 

Filing Date 2018-03-06 

INFORMATION DISCLOSURE First Named Inventor I Rache! Fraser 
STATEMENT BY APPLICANT 

Art Unit 1796 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Elizabeth A. Gwartney 

Attorney Docket Number 338767-0015008 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
D from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 

information disclosure statement. See 37 CFR 1.97(e}(1 ). 

OR 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement See 37 CFR 1.97(e)(2). 

D See attached certification statement 

D The fee set forth in 37 CFR 1.17 (p) has been submitted herev,~th. 

t;J A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR ·1 .4(d) for the 
form of the signature. 

Signature /Heather L. Flanagan/ Date (YYYY-MM-OO) 2021-09-27 

Name/Print Heather L Flanagan Registration Number 54,101 

This collection of information is required by 37 CFR 1.97 and 1.98. The information ls required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO TH!S ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L 93-579) requires that you be given certain information in connection with your submission of the 
attached fom1 related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. !f you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be diSclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to '.Vhom the record pertains, 'Nhen the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use,. to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security reviev.,r (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c}). 

7. A record from this system of records may be disclosed,. as a routine use,. to the Administrator,. General Services, or 
hiS/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shal! be made in accordance with the GSA regulations governing inspection of records for thiS 
purpose, and any other relevant (i.e.,. GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be diSclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122{b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and 'Nilich application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed,. as a routine use,. to a Federal, State, or loca.! law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of !av1 or regulation. 
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JP2010200627A PSEUDO MEA,T FOOD AND METHOD FOR PRODUC!NG THE SAME 

Applicants: HOUSE FOODS CORP 

Inventors: N!SH!MURA SH!NPELT.AKADA SHOJ!,UMEZU NAOKO 

(:;assifo:::atlons: 

IPG A23,i3l00; A23JJlHi; A23J3l26; 

Priorities: .JP2D09046949A 2009-02-27 

Application: .JP201020062 7.A · 2009-02-27 

Publication: .JP2010200627.A·20·l 0-09-16 

Published as: JP20'!0200627A 

PSEUDO MEAT FOOD AND METHOD FOR PRODUCING THE SAME 

A,bstract 

PROBLEM TO BE SOLVED: To provide a pseudo meat food for obtaining palate feeling close to that of natural meat when 

che\•Ving, and close to natural meat a!so In appearance. SOLUTlON: The pseudo meat food is obtained by making a fon-;-1ed 

product by forming a ra,v material mixture ·which contains hydrated and fiber loosened structured vegetable protein obtained by 

hydrating and fiber loosening granular vegetable protein structured and dried by processing with an extruder, hydrated fibrous 

vegetable protein, and a binding agent, and heat coagulating the formed product COP'fR!GHT: (C.)2010,JPO&!NPff 
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Espacenet 

US1017238082 Ground meat replicas 

Applicants: IMPOSSIBLE FOODS iNC: [USJ 

Inventors: COHN ELYSiA [USJ_FRASER RAC:HEL [USj,HOLZ-SGHIETiNGER CELESTE [US],KALE M~!KET [US],KARR 

JESS!CA [USJ,KLAPHOLZ-BROVVN ARIEL [USJ,SHiU JENNIFER \NOAN-Y! [USJ,SOLO!'v1AT!N SERGEY [USj,\/ARADAN 

RA!"HA.N! [USJ 

t)assifk:ations: 

IPG 

CPC 

A23L1Jl40; 

A23J1!02 {RU}; A23J3l04 (RU); A23J3l14 {RU}; A23L 13/422 (EP,KR,LIS}; A23l 13!426 {EP,KR,US}; 
A23l13/428 {KR}; A23LHl43 {EP,KR,LIS); A23V2002i00 {US}; 

Priorities: US201461973181P 2014-03-31; US201462053230P 2014-10-01; US2Di5023679VV 2015-03-31; US2015i5300339.A 

2015-03-31 

Application: US ·1o·17238082 · 20 ·15-03-3 ·1 

Publication: Us ·1o·17238082 · 20 ·19-01-08 

Published as: AU2015240911 A 1; AU201524091182; AU.2019200777 A1; AU2020205210A1; BR.112016022673A2; 
CA2944459A1; CN106455626A; EP3125699A1; EP3125699A4; EP3125699B1; EP3628173A1; JP2017509349A; 
JP2020202861A;JP6759103B2;KR20160140790A;MX2016012817A;R.U2016142354A;RU2016142354A3; 
RU2020113203A; RU2728653C2; US'!0172380B2;US10798958B2; US2017188612A1; US2019U3162A1; US2019133163A1; 
W02015153666M; W02015153666A8 

Ground rneat repHc.as 

This document relates to ground rnea! replic:as, and more particu!ar!y to plant-based products that rrnmic ground rneat induding 

the fibrousness, heterogeneity in texture, beefy flavor, and red-to-bny,~tn color transition during cooking of 9round meat For 

example, this docurnent provides meat replicas that include proteins !ha! are selected based upon the temperature a! whk:h they 

gel and/or denature to mimic the behavior and quaMies of meat during cookmg. 
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Examiner Name I Elizabeth A. Gwartney 

Attorney Docket Number 38767-0015008 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
D from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 

information disclosure statement. See 37 CFR 1.97(e}(1 ). 

OR 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement See 37 CFR 1.97(e)(2). 

D See attached certification statement 

D The fee set forth in 37 CFR 1.17 (p) has been submitted herev,~th. 

t;J A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR ·1 .4(d) for the 
form of the signature. 

Signature /Heather L. Flanagan/ Date (YYYY-MM-OO) 2021-10-28 

Name/Print Heather L Flanagan Registration Number 54,101 

This collection of information is required by 37 CFR 1.97 and 1.98. The information ls required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO TH!S ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L 93-579) requires that you be given certain information in connection with your submission of the 
attached fom1 related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. !f you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be diSclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to '.Vhom the record pertains, 'Nhen the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use,. to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security reviev.,r (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c}). 

7. A record from this system of records may be disclosed,. as a routine use,. to the Administrator,. General Services, or 
hiS/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shal! be made in accordance with the GSA regulations governing inspection of records for thiS 
purpose, and any other relevant (i.e.,. GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be diSclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122{b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and 'Nilich application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed,. as a routine use,. to a Federal, State, or loca.! law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of !av1 or regulation. 
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Electronic Acknowledgement Receipt 

EFSID: 44146330 

Application Number: 15913090 

International Application Number: 

Confirmation Number: 9878 

Title of Invention: 
METHODS AND COMPOSITIONS FOR AFFECTING THE FLAVOR AND AROMA 
PROFILE OF CONSUMABLES 

First Named Inventor/Applicant Name: Rachel Fraser 

Customer Number: 26191 

Filer: Heather L. Flanagan/Karissa Robinson 

Filer Authorized By: Heather L. Flanagan 

Attorney Docket Number: 38767-0015008 

Receipt Date: 28-OCT-2021 

Filing Date: 06-MAR-2018 

Time Stamp: 12:29:26 

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.) 

334625 

1 
Information Disclosure Statement (IDS) 

IDS.pdf no 4 
Form (SB08) 

9bf9d34935a7 4ac316585967e 1 0db2d5256 
Of6af 

Warnings: 
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Information: 

This is not an USPTO supplied IDS fillable form 

2066403 

2 Foreign Reference KRl 020090110423.pdf no 6 
ed7c1 7a477da4c099232b2968db2a0fae5d 

bee07 

Warnings: 

Information: 

Total Files Size (in bytes) 2401028 

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 Ai;u;~lications 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 STATES PATENT AND TRADEMARK OFFICE 
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 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

26191 7590 11/04/2021 

FISH & RICHARDSON P.C. (TC) 
PO BOX 1022 
MINNEAPOLIS, MN 55440-1022 

APPLICATION NO. FILING DATE 

15/913,090 03/06/2018 

FIRST NAMED INVENTOR 

Rachel Fraser 

EXAMINER 

GWARTNEY, ELIZABETH A 

ART UNIT PAPER NUMBER 

1759 

DA TE MAILED: 11/04/2021 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

38767-0015008 9878 

TITLE OF INVENTION: METHODS AND COMPOSITIONS FOR AFFECTING THE FLAVOR AND AROMA PROFILE OF CONSUMABLES 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 02/04/2022 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING 
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD 
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT 
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN 
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST 
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that 
entity status still applies. 

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above. 

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled 
"Change in Entity Status (from status indicated above)". 

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity 
fees. 

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail 
Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980. 
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at 
www .uspto.gov/PatentMaintenanceFees. 

Page 1 of 3 

PTOL-85 (Rev. 02/11) 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web. 

By mail, send to: Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

By fax, send to: (571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All 
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected 
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 

26191 7590 11/04/2021 

FISH & RICHARDSON P.C. (TC) 
PO BOX 1022 
MINNEAPOLIS, MN 55440-1022 

APPLICATION NO. FILING DATE 

15/913,090 03/06/2018 

Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below. 

(Typed or printed name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Rachel Fraser 38767-0015008 9878 

TITLE OF INVENTION: METHODS AND COMPOSITIONS FOR AFFECTING THE FLAVOR AND AROMA PROFILE OF CONSUMABLES 

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional UNDISCOUNTED $1200 

EXAMINER ART UNIT 

GWARTNEY, ELIZABETH A 1759 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form PTO/ 
SB/47; Rev 03-09 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0.00 $0.00 

CLASS-SUBCLASS 

426-533000 

2. For printing on the patent front page, list 
( 1) The names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) The name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1200 02/04/2022 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously 
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. Fees submitted: □Issue Fee □Publication Fee (if required) □Advance Order - # of Copies _________ _ 

4b. Method of Payment: (Please first reapply any previously paid fee shown above) 

0 Electronic Payment via EFS-Web 0 Enclosed check 0 Non-electronic payment by credit card (Attach form PTO-2038) 

0 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. ____ _ 

5. Change in Entity Status (from status indicated above) 

0 Applicant certifying micro entity status. See 37 CFR 1.29 

0 Applicant asserting small entity status. See 37 CFR 1.27 

0 Applicant changing to regular undiscounted fee status. 

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue 
fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 
NOTE: If the application was previously under micro entity status, checking this box will be taken 
to be a notification of loss of entitlement to micro entity status. 
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro 
entity status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature _______________________ _ 

Typed or printed name ______________________ _ 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
Page 2 of 3 

0MB 0651-0033 

Date ____________________ _ 

Registration No. ________________ _ 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

15/913,090 03/06/2018 

26191 7590 11/04/2021 

FISH & RICHARDSON P.C. (TC) 
PO BOX 1022 
MINNEAPOLIS, MN 55440-1022 

FIRST NAMED INVENTOR 

Rachel Fraser 

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. 

38767-0015008 9878 

EXAMINER 

GWARTNEY, ELIZABETH A 

ART UNIT PAPER NUMBER 

1759 

DA TE MAILED: 11/04/2021 

Determination of Patent Term Adjustment under 35 U.S.C.154 (b) 
(Applications filed on or after May 29, 2000) 

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 

Section l(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement 
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent 
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial 
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term 
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior 
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration 
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process 
outlined in 37 CFR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571 )-272-4200. 

Page 3 of 3 
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0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget 
approval before requesting most types of information from the public. When 0MB approves an agency request to 
collect information from the public, 0MB (i) provides a valid 0MB Control Number and expiration date for the 
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform 
the public about the 0MB Control Number's legal significance in accordance with 5 CFR 1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon 
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions 
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, 
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection 
of information unless it displays a valid 0MB control number. 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements 
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b) 
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information 
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent 
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not 
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment 
of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting 
a request involving an individual, to whom the record pertains, when the individual has requested assistance 
from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to comply 
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, 
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility 
to recommend improvements in records management practices and programs, under authority of 44 U.S.C. 
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection 
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall 
not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed 
in an application which became abandoned or in which the proceedings were terminated and which application 
is referenced by either a published application, an application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Notice of Allowability 

Application No. 
15/913,090 
Examiner 
ELIZABETH A GWARTNEY 

Applicant(s) 
Fraser et al. 
Art Unit I AIA (FITF) Status 
1759 No 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.~ This communication is responsive to RCE filed 5 May 2021 .. 

DA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the 
restriction requirement and election have been incorporated into this action. 

3.~ The allowed claim(s) is/are 31-37 and 40-54. As a result of the allowed claim(s), you may be eligible to benefit from the Patent 
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information 
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) □All b) 0 Some* c) D None of the: 

1. D Certified copies of the priority documents have been received. 
2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of each 
sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 5. D Examiner's Amendment/Comment 

2.~ Information Disclosure Statements (PTO/SB/08), 6. ~ Examiner's Statement of Reasons for Allowance 
Paper No./Mail Date . 

3.0 Examiner's Comment Regarding Requirement for Deposit 7. □ Other __ 
of Biological Material . 

4.0 Interview Summary (PTO-413), 
Paper No./Mail Date. __ . 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) 

/ELIZABETH GWARTNEY/ 
Primary Examiner, Art Unit 1759 

Notice of Allowability Part of Paper No./Mail Date 20211023 
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Notice of Allowability 

Notice of Pre-AJA or AJA Status 

Page 2 

1. The present application is being examined under the pre-AIA first to invent provisions. 

Continued Examination Under 37 CFR 1.114 

2. A request for continued examination under 37 CFR 1.114, including the fee set forth in 

37 CFR 1.17 ( e ), was filed in this application after allowance or after an Office action under Ex 

Parte Quayle, 25 USPQ 74,453 O.G. 213 (Comm'r Pat. 1935). Since this application is eligible 

for continued examination under 37 CFR 1.114, and the fee set forth in 37 CFR 1.17 ( e) has been 

timely paid, prosecution in this application has been reopened pursuant to 37 CFR 1.114. 

Applicants' submission filed on 5 May 2021 has been entered. 

3. Claims 31-37 and 40-54 are allowed. 

Reasons for Allowance 

4. The following is an examiner's statement of reasons for allowance: 

The Reasons for Allowance recited in the Notice of Allowability mailed 27 April 2021 

are maintained. 

Any comments considered necessary by applicant must be submitted no later than the 

payment of the issue fee and, to avoid processing delays, should preferably accompany the issue 

fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for 

Allowance." 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to ELIZABETH A GWARTNEY whose telephone number is 

(571)270-3874. The examiner can normally be reached M-F: 8 a.m. - 4 p.m .. 
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Examiner interviews are available via telephone, in-person, and video conferencing using 

a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is 

encouraged to use the USPTO Automated Interview Request (AIR) at 

http://www.uspto.gov/interviewpractice. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Donald (Larry) Tarazano can be reached on 571-272-1515. The fax phone number 

for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of published or unpublished applications may be 

obtained from Patent Center. Unpublished application information in Patent Center is available 

to registered users. To file and manage patent submissions in Patent Center, visit: 

https://patentcenter.uspto.gov. Visithttps://www.uspto.gov/patents/apply/patent-center for more 

information about Patent Center and https://www.uspto.gov/patents/docx for information about 

filing in DOCX format. For additional questions, contact the Electronic Business Center (EBC) 

at 866-217-9197 (toll-free). If you would like assistance from a USPTO Customer Service 

Representative, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/ELIZABETH GWARTNEY I 
Primary Examiner, Art Unit 1759 

ELIZABETH A. GWARTNEY 
Primary Examiner 
Art Unit 1759 
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Case No.: IPR2023-00208 
U.S. Patent No. 11,224,241

Application/Control No. Applicant(s)/Patent Under Reexamination 

Search Notes 15/913,090 Fraser et al. 

Examiner Art Unit 

ELIZABETH A GWARTNEY 1759 

CPC - Searched* 

Symbol Date Examiner 

A2.3J3/227 05/06/2020 EG 

A2.3J3/227 02/02/2021 EG 

A2.3J3/227 10/23/2021 EG 

CPC Combination Sets - Searched* 

Symbol Date Examiner 

US Classification - Searched* 

Class Subclass Date Examiner 

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of 
the search. 

Search Notes 

Search Notes Date Examiner 

Inventor search completed 05/05/2020 EG 

Review of prosecution history for US App 14797006 and 15913018 05/05/2020 EG 

A2.3J3/227 (text limited by heme) 05/06/2020 EG 

A2.3J3/227 (text limited by heme) 02/02/2021 EG 

Google/Google Scholar search - heme containing protein or 
04/19/2021 EG 

hemoglobin from bacteria, algae and fungus 

A2.3J3/227 (text limited by heme) 10/23/2021 EG 

Google search - heme and meat flavor 10/23/2021 EG 

U.S. Patent and Trademark Office 
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Part of Paper No.: 20211023 
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U.S. Patent No. 11,224,241

Application/Control No. Applicant(s)/Patent Under Reexamination 

Search Notes 15/913,090 Fraser et al. 

Examiner Art Unit 

ELIZABETH A GWARTNEY 1759 

Interference Search 

US Class/CPC 
US Subclass/CPC Group Date Examiner 

Symbol 

A23J3 227 04/21/2021 EG 

A23L13 426 04/21/2021 EG 

U.S. Patent and Trademark Office 
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Case No.: IPR2023-00208 
U.S. Patent No. 11,224,241

Application/Control No. Applicant(s)/Patent Under Reexamination 

Issue Classification 15/913,090 Fraser et al. 

Examiner Art Unit 

ELIZABETH A GWARTNEY 1759 

CPC 

Symbol Type Version 

A23L 13 426 F 2016-08-01 

A23D 7 0053 2013-01-01 

A23D 7 0056 2013-01-01 

A23L 2 66 2013-01-01 

A23J 3 227 2013-01-01 

A23L 29 238 2016-08-01 

A23L 7 109 2016-08-01 

A23L 27 10 2016-08-01 

A23L 5 41 2016-08-01 

A23L 33 185 2016-08-01 

A23J 3 14 2013-01-01 

A23L 27 26 2016-08-01 

A23L 27 00 2016-08-01 

A23L 13 424 2016-08-01 

A23L 27 20 2016-08-01 

A23L 13 42 2016-08-01 

CPC Combination Sets 

Symbol Type Set Ranking Version 

A23V 2002 00 A 2013-01-01 

A23V 2200 15 A 2 2013-01-01 

NONE 
Total Claims Allowed: 

(Assistant Examiner) (Date) 23 

/ELIZABETH GWARTNEY/ 23 October 2021 
O.G. Print Claim(s) O.G. Print Figure Primary Examiner, Art Unit 1796 

(Primary Examiner) (Date) 1 1 
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Case No.: IPR2023-00208 
U.S. Patent No. 11,224,241

Application/Control No. Applicant(s)/Patent Under Reexamination 

Issue Classification 15/913,090 Fraser et al. 

Examiner Art Unit 

ELIZABETH A GWARTNEY 1759 

INTERNATIONAL CLASSIFICATION 

CLAIMED 

A23L 13 00 

I NON-CLAIMED 

US ORIGINAL CLASSIFICATION 

CLASS SUBCLASS 

CROSS REFERENCES(S) 

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK) 

I I I I I 

NONE 
Total Claims Allowed: 

(Assistant Examiner) (Date) 23 

/ELIZABETH GWARTNEY/ 23 October 2021 
O.G. Print Claim(s) O.G. Print Figure Primary Examiner, Art Unit 1796 

(Primary Examiner) (Date) 1 1 
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Case No.: IPR2023-00208 
U.S. Patent No. 11,224,241

Application/Control No. Applicant(s)/Patent Under Reexamination 

Issue Classification 15/913,090 Fraser et al. 

Examiner Art Unit 

ELIZABETH A GWARTNEY 1759 

D Claims renumbered in the same order as presented by applicant D CPA D T.D. D R.1.47 
CLAIMS 

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original 

- 1 - 10 - 19 - 28 7 37 14 46 23 55 
- 2 - 11 - 20 - 29 - 38 15 47 
- 3 - 12 - 21 - 30 - 39 16 48 
- 4 - 13 - 22 1 31 8 40 17 49 
- 5 - 14 - 23 2 32 9 41 18 50 
- 6 - 15 - 24 3 33 10 42 19 51 
- 7 - 16 - 25 4 34 11 43 20 52 
- 8 - 17 - 26 5 35 12 44 21 53 
- 9 - 18 - 27 6 36 13 45 22 54 

NONE 
Total Claims Allowed: 

(Assistant Examiner) (Date) 23 

/ELIZABETH GWARTNEY/ 23 October 2021 
O.G. Print Claim(s) O.G. Print Figure Primary Examiner, Art Unit 1796 

(Primary Examiner) (Date) 1 1 
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Case No.: IPR2023-00208 
U.S. Patent No. 11,224,241

Receipt date: 09/29/2021 

Doc co<le: !OS 
Doc description: Information Disclosure Statement (IDS) Filed 

PTO/SB/08a (02-'lll) 
Appmved for use through 11/30/2020 0MB 0% 1-!}0:31 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Redudk>n Act of 19:95, rio persons are requi,red to resporn:I to a mlledivn of inforrnatio;i unless it contains a valid 0MB control number 

Application Number 15913090 

Filing Date 2018-03-06 

INFORMATION DISCLOSURE First Named Inventor I Rache! Fraser 
STATEMENT BY APPLICANT 

Art Unit 1796 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Elizabeth A. Gwartney 

Attorney Docket Number 338767-0015008 

U.S.PATENTS 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial"' No 
Patent Number Code·i Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Patent citation information please click the Add button. 

U.S.PATENT APPLICATION PUBLICATIONS 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial"' 
Cite No 

Number Code·i Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 20210289824 2021-09-23 Brovm et al. 
/E.G./ 

If you wish to add additional U.S. Published Application citation information please click the Add button. 

FOREIGN PATENT DOCUMENTS 

Name of Patentee or 
Pages,Co!umns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant TS 
Initial"' No Nurnber3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

/E.G./ 
1 JP 2010200627 JP 2010-09-16 HOUSE FOODS CORP □ 

2 JP 2017509349 JP 2017-04-06 
IMPOSSIBLE FOODS English Abstract [2J 

/E.G./ !NC. . 

If you wish to add additional Foreign Patent Document citation information please dick the Add button 

NON-PATENT LITERATURE DOCUMENTS 
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Case No.: IPR2023-00208 
U.S. Patent No. 11,224,241

Receipt date: 09/29/2021 

Application Number 15913090 

Filing Date 2018-03-06 

INFORMATION DISCLOSURE First Named Inventor I Rache! Fraser 
STATEMENT BY APPLICANT 

Art Unit 1796 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Elizabeth A. Gwartney 

Attorney Docket Number 338767-0015008 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials"' No 
(book, magazine, journal, serial,. symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 

1 Extended European Search Report for International Application No. EP 21161324.5, dated September 22, 2021, 12 
□ 

/E.G./ 
pages 

/E.G./ 2 
KOLODYAZNAYA, "Pishchevaya khimiya {Food chemistry]," St Petersburg, SPBGAKHPT Pub!. 1999, Translation, 4 [z::J pages, St Petersburg, Russia 

/E.G./ 3 
LISITS!N et al., "Analogues of meat products v,ith functional properties", All about meat, 2007, Translation, 6 pages, [z::J Russia 

. 

If you wish to add additional non-patent literature document citation information please click the Add button 

EXAMINER SIGNATURE 

Examiner Signature I /ELIZABETH GWARTNEY/ I Date Considered 
I 

10/23/2021 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kmd Codes of USPTO Patent Documents at \l\¾"N.USVrO.GOV or ~ ... 1PEP 901.04. 2 Enter office that issued tti.e docun.enl. by the two-letter code (\NIPO 
Standard ST.3}. 1 For .Japanese paten! documents, !Ile indication of tl1e year of the reign of the Emperor mus! precede the serial number of the paten! document 
4 Kind of document by tl1e appropriate symbols as indicated on !he document under W!PO Standard ST ·16 if possible 5 Applicant is lo place a check marl< here it 
English language translation is attacfled. 

EFS Web 2.1.18 



Motif Exhibit 1150, Page 1559 of 1599

Case No.: IPR2023-00208 
U.S. Patent No. 11,224,241

R eceipt date: I 09 29,2021 /E.G. I 
Application Number 15913090 

Filing Date 2018-03-06 

INFORMATION DISCLOSURE First Named Inventor I Rache! Fraser 
STATEMENT BY APPLICANT 

Art Unit 1796 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Elizabeth A. Gwartney 

Attorney Docket Number 338767-0015008 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

That each item of information contained in the information disclosure statement was first cited in any communication 
D from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 

information disclosure statement. See 37 CFR 1.97(e}(1 ). 

OR 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement See 37 CFR 1.97(e)(2). 

D See attached certification statement 

D The fee set forth in 37 CFR 1.17 (p) has been submitted herev,~th. 

t;J A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR ·1 .4(d) for the 
form of the signature. 

Signature /Heather L. Flanagan/ Date (YYYY-MM-00) 2021-09-27 

Name/Print Heather L Flanagan Registration Number 54,101 

This collection of information is required by 37 CFR 1.97 and 1.98. The information ls required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO TH!S ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 
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Case No.: IPR2023-00208 
U.S. Patent No. 11,224,241

Receipt date: 09/29/2021 

/E.G./ 
Privacy Act Statement 

The Privacy Act of 1974 (P.L 93-579) requires that you be given certain information in connection with your submission of the 
attached fom1 related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. !f you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be diSclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to '.Vhom the record pertains, 'Nhen the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use,. to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security reviev.,r (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c}). 

7. A record from this system of records may be disclosed,. as a routine use,. to the Administrator,. General Services, or 
hiS/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shal! be made in accordance with the GSA regulations governing inspection of records for thiS 
purpose, and any other relevant (i.e.,. GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be diSclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122{b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and 'Nilich application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed,. as a routine use,. to a Federal, State, or loca.! law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of !av1 or regulation. 
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Case No.: IPR2023-00208 
U.S. Patent No. 11,224,241

Receipt date: 05/05/2021 

Sheet _l_ of _l__ 

Substitute Disclosure Form U.S. Department of Commerce Attorney Docket No. I Application No. 
Patent and Trademark Office 38767-0015008 15/913,090 

Information Disclosure Statement Applicant 

by Applicant Impossible Foods Inc. 
(Use several sheets if necessary) Filing Date I Group Art Unit 

(37 CFR §1.98(b)) March 6, 2018 1796 

U.S. Patent Documents 
Examiner Desig. Publication Filing Date 

Initial ID Document Number Date Patentee If Appropriate Class Subclass 
/E.G./ 1. 2021/003 7851 2/11/2021 Fraser et al 

/E.G./ 2. 2021/0051976 2/25/2021 Fraser et al. 

/E.G./ 3. 2021/0051977 2/25/2021 Vrljic et al. 

Foreign Patent Documents or Published Foreign Patent Aoolications 
Examiner Desig. Publication Country or 

Initial ID Document Number Date Patent Office Translation Class Subclass 
/E.G. II 

4. WO 2005/019165 3/3/2005 WO 

/E.G., 5. WO 2009/007424 1/15/2009 WO 

/E.G. I 6. WO 2012/075088 6/7/2012 WO 

Other Documents {include Author, Title, Date, and Place of Publication) 
Examiner Desig. 

Initial ID Document 

/E.G./ 7. 
Becana et al., "Recent insights into antioxidant defenses oflegume root nodules," New Phytologist, 
2010, 188:960-976 

/E.G./ 8. Butler et al., "A haemoprotein from the lipid of peanuts," Nature, March 1965, pages 1319-1321 

De La Parra "Effect of processing on the phytochemical profiles and antioxidant activity of com for 
/E.G./ 9. production of masa, tortillas, and tortilla chips," Journal of Agricultural and Food Chemistry, May 

16, 2007, 55(10):4177-4183 

/E.G./ 10. 
Dharmadhikari, "Yeast Autolysis," Vineyard and Vintage View, retrieved on November 27, 2020, 
retrieved from URL <https://www.extension.iastate.edu/wine/yeast-autolysis>, 6 pages 

/E.G./ 11. 
EP Opposition "Response to Summons," in Appln. No. 14737766.7, dated, November 19, 2020, 9 
pages 

/E.G./ 12. 
EP Opposition "Third-Party Observation," in Appln. No. 14737766.7, dated, January 18, 2021, 5 
pages 

/E.G./ 13. 
EP Opposition, "Supplemental responsive declaration of Dr. Jorge Ruiz-Carrascal," Exhibit D 103 in 
European Appln. No. 1737766.7, dated November 11, 2020, 7 pages 

/E.G./ 14. 
Fridman et al., "Isolation and Characterization of Soybean Cytochrome c," Archives of biochemistry 
and biophysics, February 1968, 126:299-304 

/E.G./ 
Haandel et al., "Characterization of Different Commercial Soybean Peroxidase Preparations and Use 

15. of the Enzyme for N-Demethylation of Methyl N-Methylanthranilate To Produce the Food Flavor 
Methylanthranilate," J. Agric. Food Chem, 2000, 48: 1949-1954 

/E.G./ 16. 
Kerler et al., "Basic chemistry and process conditions for reaction flavours with particular focus on 
Maillard-type reactions," Food Flavor Tech., 2010, 3:3.2-3.3 

/E.G./ 17. 
Martins et al., "Meat flavor generation in complex maillard model systems," American Chem. Soc., 
2010, 71-83 

Examiner fl nature 
LIZABETH GWARTNEY/ 

Date Considered 

10/23/2021 

EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. Include copy of this form with 
next communication to applicant. 
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Receipt date: 05/05/2021 

Sheet _l__ of _l__ 

Substitute Disclosure Form U.S. Department of Commerce Attorney Docket No. I Application No. 
Patent and Trademark Office 38767-0015008 15/913,090 

Information Disclosure Statement Applicant 

by Applicant Impossible Foods Inc. 
(Use several sheets if necessary) Filing Date I Group Art Unit 

(37 CFR §1.98(b)) March 6, 2018 1796 

Other Documents (include Author, Title, Date, and Place of Publication) 
Examiner Desig. 

Initial ID Document 

/E.G./ 18. 
Swiderski et al., "Spent Brewer's Yeast Autolysates as a New and Valuable Component of 
Functional Food and Dietarv Supplements," J. Food Process Teclmol, 2015, 6: 12 

/E.G./ 19. 
Zhao et al., "Degradation of RNA during the autolysis of Saccharomyces cerevisiae produces 
predominantly ribonucleotides," J. Ind. Microbiol Bioteclmol, August 10, 2005, 32:415-423 

Examiner Signature Date Considered 

/ELIZABETH GWARTNEY/ 
10/23/2021 

EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. Include copy of this form with 
next communication to applicant. 
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Case No.: IPR2023-00208 
U.S. Patent No. 11,224,241

Receipt date: 05/05/2021 

Attorney Docket No.: 38767-0015008 

/E.G./ 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor : 
Application No. 
Filed 

Rachel Fraser 
15/913,090 
March 6, 2018 

Art Unit 
Examiner 

1796 
Elizabeth A. 
Gwartney 

Conf. No. 9878 
Title METHODS AND COMPOSITIONS FOR AFFECTING THE 

FLAVOR AND AROMA PROFILE OF CONSUMABLES 

MAIL STOP RCE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

INFORMATION DISCLOSURE STATEMENT 

Please consider the documents listed on the disclosure form submitted with this 

statement. Copies of the documents are being submitted with this statement to the extent 

required under 37 C.F.R. § l.98(a)(2). 

This statement is being filed with a Request for Continued Examination. No fee is 

required. 

Apply any necessary charges or credits applicable under 37 C.F.R. § l. l 7(p) to deposit 

account 06-1050, referencing the above attorney docket number. 

Please contact the undersigned if there are any questions regarding this statement. 

Date: May 5, 2021 

Customer Number 26191 
Fish & Richardson P.C. 
Telephone: +l (612) 337-2519 
Facsimile: (612) 288-9696 

62549534.doc 

Respectfully submitted, 

/Molly R. Kelley, Reg. No. 76,691/ 

Molly R. Kelley 
Reg. No. 76,691 



Motif Exhibit 1150, Page 1564 of 1599
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Receipt date: 10/28/2021 

Doc co<le: !OS 
Doc description: Information Disclosure Statement (IDS) Filed 

PTO/SB/08a (02-'lll) 
Appmved for use through 11/30/2020 0MB 0% 1-!}0:31 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Redudk>n Act of 19:95, rio persons are requi,red to resporn:I to a mlledivn of inforrnatio;i unless it contains a valid 0MB control number 

Application Number 15913090 

Filing Date 2018-03-06 

INFORMATION DISCLOSURE First Named Inventor I Rache! Fraser 
STATEMENT BY APPLICANT 

Art Unit 1796 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Elizabeth A. Gwartney 

Attorney Docket Number 38767-0015008 

U.S.PATENTS 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial"' No 
Patent Number Code·i Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Patent citation information please click the Add button. 

U.S.PATENT APPLICATION PUBLICATIONS 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial"' 
Cite No 

Number Code·i Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 

If you wish to add additional U.S. Published Application citation information please click the Add button. 

FOREIGN PATENT DOCUMENTS 

Name of Patentee or 
Pages,Co!umns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant TS 
Initial"' No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

/E. G, ,' 1 KR 1020090110423 KR 2009-10-22 NAT UNIV CHONBUK ~ . 
!ND COOP 

If you wish to add additional Foreign Patent Document citation information please click the Add button 

NON-PATENT LITERATURE DOCUMENTS 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial,. symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 
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Case No.: IPR2023-00208 
U.S. Patent No. 11,224,241

Receipt date: 10/28/2021 

Application Number 15913090 

Filing Date 2018-03-06 

INFORMATION DISCLOSURE First Named Inventor I Rache! Fraser 
STATEMENT BY APPLICANT 

Art Unit 1796 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Elizabeth A. Gwartney 

Attorney Docket Number 38767-0015008 

1 □ 

If you wish to add additional non-patent literature document citation information please click the Add button 

EXAMINER SIGNATURE 

Examiner Signature I /ELIZABETH GW'ARTNEY/ I Date Considered I 
11/01/2021 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at W'Nw.USPTO. GDV or MPEP 9!J-I _ 04 2 Enter office tiiat issued the document, tiy the two-letter code (WIPO 
Standard ST .3 ). J For Japanese patent documents, the indication of U1e year of the reign of the Emperor mus1: precede the serial number of the pHlent document. 
4 Kind of documerit by lhe appropriate symbols as indicated on the document under WlPO Standard ST 'lfi if possible. s Applicant is to place a ctieck mark here il 
English language !rans!ation is a!!ached. 
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Case No.: IPR2023-00208 
U.S. Patent No. 11,224,241

Receipt date: 10/28/2021 /E.G./ 

Application Number 15913090 

Filing Date 2018-03-06 

INFORMATION DISCLOSURE First Named Inventor I Rache! Fraser 
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The Privacy Act of 1974 (P.L 93-579) requires that you be given certain information in connection with your submission of the 
attached fom1 related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. !f you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
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Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be diSclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to '.Vhom the record pertains, 'Nhen the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use,. to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security reviev.,r (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c}). 

7. A record from this system of records may be disclosed,. as a routine use,. to the Administrator,. General Services, or 
hiS/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shal! be made in accordance with the GSA regulations governing inspection of records for thiS 
purpose, and any other relevant (i.e.,. GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be diSclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122{b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and 'Nilich application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed,. as a routine use,. to a Federal, State, or loca.! law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of !av1 or regulation. 
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-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.~ This communication is responsive to RCE filed 5 may 2021 .. 

DA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the 
restriction requirement and election have been incorporated into this action. 

3.~ The allowed claim(s) is/are 31-37 and 40-55. As a result of the allowed claim(s), you may be eligible to benefit from the Patent 
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information 
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) □All b) 0 Some* c) D None of the: 

1. D Certified copies of the priority documents have been received. 
2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of each 
sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 5. D Examiner's Amendment/Comment 

2.0 Information Disclosure Statements (PTO/SB/08), 6. D Examiner's Statement of Reasons for Allowance 
Paper No./Mail Date . 

3.0 Examiner's Comment Regarding Requirement for Deposit 7. □ Other __ 
of Biological Material . 

4.0 Interview Summary (PTO-413), 
Paper No./Mail Date. __ . 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) 

/ELIZABETH GWARTNEY/ 
Primary Examiner, Art Unit 1759 

Notice of Allowability Part of Paper No./Mail Date 20211105 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor : 
Application No. 
Filed 

Title 

Rachel Fraser 
15/913,090 
March 6, 2018 

Art Unit 1796 
Examiner Elizabeth A Gwartney 
Confirmation No. 9878 
Notice of Allowance Date: 11/4/2021 

METHODS AND COMPOSITIONS FOR AFFECTING THE 
FLAVOR AND AROMA PROFILE OF CONSUMABLES 

MAIL STOP ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

AMENDMENT AFTER ALLOWANCE 
PURSUANT TO 37 C.F.R. §1.312 

Please amend the application as indicated on the following pages. This amendment is 

being filed concurrently with the payment of the issue fee. 
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AMENDMENTS TO THE CLAIMS 

Attorney Docket 38767-0015008 

This listing of claims replaces all prior versions and listings of claims in the 

application. 

Listing of Claims 

1-30. (Cancelled) 

31. (Currently Amended) A meat-like food product produced by a method comprising: 

providing one or more plant proteins; and 

combining, with the one or more plant proteins: 

a composition comprising a heme-containing protein, wherein the 

composition comprises at least 60% of the heme-containing protein on a dry weight basis; 

a compound selected from glucose, ribose, fructose, lactose, xylose, 

arabinose, glucose-6-phosphate, maltose, and galactose, and mixtures of two or more thereof; 

and 

a compound selected from cysteine, cystine, thiamine, methionine, and 

mixtures of two or more thereof in [[to]] a concentration of at least 1. 5 mM; 

wherein the meat-like food product is free of animal heme-containing protein; 

wherein cooking the meat-like food product results in the production of at least two 

volatile compounds which have a meat-associated aroma; and 

wherein the meat-like food product is in a form selected from the group consisting of a 

hotdog, a burger, ground meat, a sausage, a steak, a filet, a roast, a meatball, a meatloaf, or 

bacon. 

32. (Previously Presented) The meat-like food product of claim 31, wherein the one or 

more plant proteins comprise a textured vegetable protein. 

33. (Previously Presented) The meat-like food product of claim 32, wherein the textured 

vegetable protein is textured soy protein. 
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34. (Currently Amended) The meat-like food product of claim 31, wherein the settFee ef 

composition comprising the heme-containing protein comprises at least 70% of the heme­

containing protein on a dry weight basis. 

35. (Currently Amended) The meat-like food product of claim 31, wherein the semee ef 

composition comprising the heme-containing protein comprises at least 80% of the heme­

containing protein on a dry weight basis. 

36. (Previously Presented) The meat-like food product of claim 31, wherein the heme­

containing protein is a globin. 

37. (Previously Presented) The meat-like food product of claim 31, wherein the heme­

containing protein comprises an amino acid sequence having at least 80% sequence identity to a 

polypeptide set forth in SEQ ID NOs. 1-26. 

38. (Cancelled) 

39. (Cancelled) 

40. (Previously Presented) The meat-like food product of claim 31, wherein the cysteine 

is added to a concentration of about 0.8 mM to about 10 mM. 

41. (Previously Presented) The meat-like food product of claim 31, wherein the thiamine 

is added to a concentration of about 0.1 mM to about 2 mM. 

42. (Previously Presented) The meat-like food product of claim 31, further comprising 

combining, with the one or more plant proteins, one or more of inosine, inosine monophosphate 

(IMP), guanosine, guanosine monophosphate (GMP), and adenosine monophosphate (AMP). 
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43. (Previously Presented) The meat-like food product of claim 31, further comprising 

combining with the one more plant proteins, one or more of beta-carotene, alpha-tocopherol, 

caffeic acid, propyl gallate, and epigallocatechin gallate. 

44. (Previously Presented) The meat-like food product of claim 31, further comprising 

combining with the one more plant proteins, one or more of a vegetable oil, an algal oil, 

sunflower oil, com oil, soybean oil, palm fruit oil, palm kernel oil, safflower oil, flaxseed oil, 

rice bran oil, cottonseed oil, olive oil, canola oil, flaxseed oil, coconut oil, and mango oil. 

45. (Previously Presented) The meat-like food product of claim 31, further comprising 

combining with the one more plant proteins, one or more of acetic acid, lactic acid, glycolic acid, 

citric acid, succinic acid, tartaric acid, caprylic acid, capric acid, lauric acid, myristic acid, 

palmitic acid, palmitoleic acid, stearic acid, oleic acid, linoleic acid, alpha linolenic acid, gamma 

linolenic acid, arachidic acid, arachidonic acid, behenic acid, and erucic acid. 

46. (Previously Presented) The meat-like food product of claim 31, wherein cooking 

comprises heating the meat-like food product at l 50°C for about 3 to about 5 minutes. 

47. (Previously Presented) The meat-like food product of claim 31, wherein the meat-like 

food product has a pink to red color before cooking to indicate a raw or uncooked state. 

48. (Previously Presented) The meat-like food product of claim 31, wherein at least a 

portion of the meat-like food product, upon cooking, transitions in color from a pink to red color 

in a raw or uncooked state to a lighter pink to brown color in a partially cooked to fully cooked 

state. 

49. (Previously Presented) The meat-like food product of claim 31, wherein cooking the 

meat-like food product results in the production of at least five volatile compounds selected from 

the group consisting of (l-ethyl-1-propenyl)-benzene, (E)-2-decenal, (E)-2-heptenal, (E)-2-

hexenal, (E)-2-nonenal, (E)-2-octen-l-ol, (E)-2-octenal, (E)-2-tridecen-l-ol, (E)-3-penten-2-one, 
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(E)-4-octene, (E)-5-decene, (E,E)-3,5-octadien-2-one, (Z)-2-decenal, (Z)-2-heptenal, (Z)-3-

decen-l-ol, acetate, [(methylsulfonyl)methyl ]-benzene, 1-( ethylthio )-2-(methylthio )-buta-1,3-

di ene, 1-( methy 1 thio )-propane, 1, l ' -( 1,2-cycl obutanedi y 1 )bi s-ci s-benzene, 1, 10-undecadi ene, 

1,3,5-cycloheptatriene, 1,3-bis(l, 1-dimethylethyl)-benzene, 1,3-diisopropoxy-l ,3-dimethyl-1,3-

disilacyclobutane, 1 ,3-dimethyl-benzene, l-decen-3-one, 1-heptanol, l-heptyl-1,2,3,4-tetrahydro-

4-methyl-naphthalene, 1-hexanol, l-hydroxy-2-propanone, 1-nonanol, 1-octanol, l-octen-3-ol, l­

octen-3-one, 1-octene, 1-pentanol, l-penten-3-one, 1-undecanol, 2,2,4,6,6-pentamethyl-heptane, 

2, 3, 4-trimethy 1-pentane, 2, 3-butanedi one, 2,3-dihydro-5-methy 1-furan, 2,3-dimethy 1-pyrazine, 

2, 4-decadienal, 2, 4-dimethy 1-1-heptene, 2, 5-dimethy 1-pyrazine, 2-acetaty 1-1-propene, 2-acety 1-

propen-2-ol, 2-acetylthiazole, 2-butanone, 2-butenal, 2-butyl-1-decene, 2-decanone, 2-decenal, 

2-ethyl-5-methyl-pyrazine, 2-ethylacrolein, 2-ethyl-furan, 2-heptanone, 2-heptenal, 2-hexyl 

furan, 2-methy 1-1 (H)-pyrrol e, 2-methy 1-1-heptene, 2-methy 1-1-penten- l -one, 2-methy 1-3-

( methy 1 thi o) furan, 2-methyl-3-furanthiol, 2-methyl-5-(methylthio)-furan, 2-methyl-butanal, 2-

methyl-cyclopentanone, 2-methyl-furan, 2-methyl-heptane, 2-methyl-pentanal, 2-methyl­

propanal, 2-methyl-thiazole, 2-n-octylfuran, 2-nonanone, 2-nonen-4-one, 2-octanone, 2-octenal, 

2-pentanone, 2-pentyl-furan, 2-pentyl-thiophene, 2-phenylpropenal, 2-propenal, 2-propenoic 

acid, methyl ester, 2-thiophenecarboxaldehyde, 2-tridecen-1-ol, 2-undecanone, 2-undecenal, 3-

(methylthio )-propanenitrile, 3-(phenylmethyl)-2,5-piperazinedione, 3,3 '-dithiobis-2-methyl­

furan, 3,5-bis(l,l-dimethylethyl)-phenol, 3,5-di-tert-butylbenzoic acid, 3-decen-2-one, 3-

ethylcyclopentanone, 3-ethyl-pentane, 3-methyl-2-butenal, 3-methyl-2-

thiophenecarboxaldehyde, 3-methyl-3-buten-2-one, 3-methyl-butanal, 3-methyl-furan, 3-

methylheptyl acetate, 3-methyl-pentanal, 3-pentyl-furan, 3-phenyl-furan, 3-

thiophenecarboxaldehyde, 3-thiophenemethanol, 4, 7-dimethyl-undecane, 4-chloro-2,6-bis(l, 1-

dimethylethyl)-phenol, 4-ethoxy-benzoic acid, ethyl ester, 4-ethyl-2-methyl-pyrrole, 4-ethyl­

benzaldehyde, 4-methyl-2-heptanone, 4-methyl-5-thiazoleethanol, 4-methylthiazole, 4-

nitrophenyl 2-thiophenecarboxylic acid ester, 4-penten-2-one, 4-quinolinecarboxaldehyde, 5-(2-

chloroethyl)-4-methylthiazole, 5-ethenyl-4-methyl-thiazole, 5-ethyldihydro-2(3H)-furanone, 5-

formyl-4-methylthiazole, 5-methyl-1-undecene, 6-methyl-2-heptanone, 7-methyl-(E)-5-

undecene, 9-octadecenal, acetaldehyde, acetic acid, acetone, acetonitrile, acetophenone, acetyl 

valeryl, aminophenylacetylene, benzaldehyde, benzene, benzoic acid, benzyl alcohol, bis(2-
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methyl-4,5-dihydro-3-furyl) disulfide, butanal, butanone, butyrolactone, carbon disulfide, 

decanal, dihydro-3-(2H)-thiophenone, dihydro-5-pentyl-2(3H)-furanone, dimethyl selenone, 

dimethyl sulfide, dimethyl trisulfide, dodecanal, ethanol, ethyl acetate, formic acid, heptyl ester, 

furan, furfural, heptanal, hexanoic acid, isopropyl alcohol, isothiazole, isothiocyanato-methane, 

m-aminophenylacetylene, methacrolein, methanethiol, methional, methyl (methylthio)methyl 

disulfide, methyl isopropyl disulphide, methyl thiolacetate, methyl vinyl ketone, methyl­

pyrazine, methyl-thiirane, nonanal, octanal, octane, oxalic acid, diallyl ester, oxalic acid, isobutyl 

pentyl ester, p-cresol, p-dithiane-2,5-diol, pentanal, pentanoic acid, 2,2,4-trimethyl-3-hydroxy-, 

isobutyl ester, phenol, phenylacetaldehyde, propanal, propyl-cyclopropane, p-xylene, pyrazine, 

pyrrole, styrene, thiazole, thiocyanic acid, methyl ester, thiophene, toluene, trans-2-(2-

pentenyl)furan, and tridecane. 

50. (Previously Presented) The meat-like food product of claim 31, wherein cooking the 

meat-like food product results in the production of at least ten volatile compounds selected from 

the group consisting of (l-ethyl-1-propenyl)-benzene, (E)-2-decenal, (E)-2-heptenal, (E)-2-

hexenal, (E)-2-nonenal, (E)-2-octen-l-ol, (E)-2-octenal, (E)-2-tridecen-l-ol, (E)-3-penten-2-one, 

(E)-4-octene, (E)-5-decene, (E,E)-3,5-octadien-2-one, (Z)-2-decenal, (Z)-2-heptenal, (Z)-3-

decen-l-ol, acetate, [(methylsulfonyl)methyl ]-benzene, 1-( ethylthio )-2-(methylthio )-buta-1,3-

di ene, 1-( methy 1 thio )-propane, 1, l ' -( 1,2-cycl obutanedi y 1 )bi s-ci s-benzene, 1, 10-undecadi ene, 

1,3,5-cycloheptatriene, 1,3-bis(l, 1-dimethylethyl)-benzene, l,3-diisopropoxy-1,3-dimethyl-l,3-

disilacyclobutane, 1 ,3-dimethyl-benzene, l-decen-3-one, 1-heptanol, l-heptyl-1,2,3,4-tetrahydro-

4-methyl-naphthalene, 1-hexanol, l-hydroxy-2-propanone, 1-nonanol, 1-octanol, l-octen-3-ol, l­

octen-3-one, 1-octene, 1-pentanol, l-penten-3-one, 1-undecanol, 2,2,4,6,6-pentamethyl-heptane, 

2, 3, 4-trimethy 1-pentane, 2, 3-butanedi one, 2,3-dihydro-5-methy 1-furan, 2,3-dimethy 1-pyrazine, 

2, 4-decadienal, 2, 4-dimethy 1-1-heptene, 2, 5-dimethy 1-pyrazine, 2-acetaty 1-1-propene, 2-acety 1-

propen-2-ol, 2-acetylthiazole, 2-butanone, 2-butenal, 2-butyl-1-decene, 2-decanone, 2-decenal, 

2-ethyl-5-methyl-pyrazine, 2-ethylacrolein, 2-ethyl-furan, 2-heptanone, 2-heptenal, 2-hexyl 

furan, 2-methy 1-1 (H)-pyrrol e, 2-methy 1-1-heptene, 2-methy 1-1-penten- l -one, 2-methy 1-3-

( methy 1 thi o) furan, 2-methyl-3-furanthiol, 2-methyl-5-(methylthio)-furan, 2-methyl-butanal, 2-

methyl-cyclopentanone, 2-methyl-furan, 2-methyl-heptane, 2-methyl-pentanal, 2-methyl-
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propanal, 2-methyl-thiazole, 2-n-octylfuran, 2-nonanone, 2-nonen-4-one, 2-octanone, 2-octenal, 

2-pentanone, 2-pentyl-furan, 2-pentyl-thiophene, 2-phenylpropenal, 2-propenal, 2-propenoic 

acid, methyl ester, 2-thiophenecarboxaldehyde, 2-tridecen-1-ol, 2-undecanone, 2-undecenal, 3-

(methylthio )-propanenitrile, 3-(phenylmethyl)-2,5-piperazinedione, 3,3 '-dithiobis-2-methyl­

furan, 3,5-bis(l,l-dimethylethyl)-phenol, 3,5-di-tert-butylbenzoic acid, 3-decen-2-one, 3-

ethy 1 cy cl opentanone, 3-ethy 1-pentane, 3-methy 1-2-butenal, 3-methy 1-2-

thi ophenecarboxaldehyde, 3-methyl-3-buten-2-one, 3-methyl-butanal, 3-methyl-furan, 3-

methylheptyl acetate, 3-methyl-pentanal, 3-pentyl-furan, 3-phenyl-furan, 3-

thiophenecarboxaldehyde, 3-thiophenemethanol, 4, 7-dimethyl-undecane, 4-chloro-2,6-bis(l, 1-

dimethylethyl)-phenol, 4-ethoxy-benzoic acid, ethyl ester, 4-ethyl-2-methyl-pyrrole, 4-ethyl­

benzaldehyde, 4-methyl-2-heptanone, 4-methyl-5-thiazoleethanol, 4-methylthiazole, 4-

nitrophenyl 2-thiophenecarboxylic acid ester, 4-penten-2-one, 4-quinolinecarboxaldehyde, 5-(2-

chloroethyl)-4-methylthiazole, 5-ethenyl-4-methyl-thiazole, 5-ethyldihydro-2(3H)-furanone, 5-

formyl-4-methylthiazole, 5-methyl-1-undecene, 6-methyl-2-heptanone, 7-methyl-(E)-5-

undecene, 9-octadecenal, acetaldehyde, acetic acid, acetone, acetonitrile, acetophenone, acetyl 

valeryl, aminophenylacetylene, benzaldehyde, benzene, benzoic acid, benzyl alcohol, bis(2-

methyl-4,5-dihydro-3-furyl) disulfide, butanal, butanone, butyrolactone, carbon disulfide, 

decanal, dihydro-3-(2H)-thiophenone, dihydro-5-pentyl-2(3H)-furanone, dimethyl selenone, 

dimethyl sulfide, dimethyl trisulfide, dodecanal, ethanol, ethyl acetate, formic acid, heptyl ester, 

furan, furfural, heptanal, hexanoic acid, isopropyl alcohol, isothiazole, isothiocyanato-methane, 

m-aminophenylacetylene, methacrolein, methanethiol, methional, methyl (methylthio)methyl 

disulfide, methyl isopropyl disulphide, methyl thiolacetate, methyl vinyl ketone, methyl­

pyrazine, methyl-thiirane, nonanal, octanal, octane, oxalic acid, diallyl ester, oxalic acid, isobutyl 

pentyl ester, p-cresol, p-dithiane-2,5-diol, pentanal, pentanoic acid, 2,2,4-trimethyl-3-hydroxy-, 

isobutyl ester, phenol, phenylacetaldehyde, propanal, propyl-cyclopropane, p-xylene, pyrazine, 

pyrrole, styrene, thiazole, thiocyanic acid, methyl ester, thiophene, toluene, trans-2-(2-

pentenyl)furan, and tridecane. 

51. (Previously Presented) The meat-like food product of claim 31, wherein cooking the 

meat-like food product results in the production of at least twenty volatile compounds selected 
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from the group consisting of (l-ethyl-1-propenyl)-benzene, (E)-2-decenal, (E)-2-heptenal, (E)-2-

hexenal, (E)-2-nonenal, (E)-2-octen-l-ol, (E)-2-octenal, (E)-2-tridecen-l-ol, (E)-3-penten-2-one, 

(E)-4-octene, (E)-5-decene, (E,E)-3,5-octadien-2-one, (Z)-2-decenal, (Z)-2-heptenal, (Z)-3-

decen-l-ol, acetate, [(methylsulfonyl)methyl ]-benzene, 1-( ethylthio )-2-(methylthio )-buta-1,3-

di ene, 1-( methy 1 thio )-propane, 1, l ' -( 1,2-cycl obutanedi y 1 )bi s-ci s-benzene, 1, 10-undecadi ene, 

1,3,5-cycloheptatriene, 1 ,3-bis(l, 1-dimethylethyl)-benzene, 1,3-diisopropoxy-l ,3-dimethyl-1,3-

disilacyclobutane, 1 ,3-dimethyl-benzene, l-decen-3-one, 1-heptanol, l-heptyl-1,2,3,4-tetrahydro-

4-methyl-naphthalene, 1-hexanol, l-hydroxy-2-propanone, 1-nonanol, 1-octanol, l-octen-3-ol, l­

octen-3-one, 1-octene, 1-pentanol, l-penten-3-one, 1-undecanol, 2,2,4,6,6-pentamethyl-heptane, 

2, 3, 4-trimethy 1-pentane, 2, 3-butanedi one, 2,3-dihydro-5-methy 1-furan, 2,3-dimethy 1-pyrazine, 

2, 4-decadienal, 2, 4-dimethy 1-1-heptene, 2, 5-dimethy 1-pyrazine, 2-acetaty 1-1-propene, 2-acety 1-

propen-2-ol, 2-acetylthiazole, 2-butanone, 2-butenal, 2-butyl-1-decene, 2-decanone, 2-decenal, 

2-ethyl-5-methyl-pyrazine, 2-ethylacrolein, 2-ethyl-furan, 2-heptanone, 2-heptenal, 2-hexyl 

furan, 2-methy 1-1 (H)-pyrrol e, 2-methy 1-1-heptene, 2-methy 1-1-penten- l -one, 2-methy 1-3-

( methy 1 thi o) furan, 2-methyl-3-furanthiol, 2-methyl-5-(methylthio)-furan, 2-methyl-butanal, 2-

methyl-cyclopentanone, 2-methyl-furan, 2-methyl-heptane, 2-methyl-pentanal, 2-methyl­

propanal, 2-methyl-thiazole, 2-n-octylfuran, 2-nonanone, 2-nonen-4-one, 2-octanone, 2-octenal, 

2-pentanone, 2-pentyl-furan, 2-pentyl-thiophene, 2-phenylpropenal, 2-propenal, 2-propenoic 

acid, methyl ester, 2-thiophenecarboxaldehyde, 2-tridecen-1-ol, 2-undecanone, 2-undecenal, 3-

(methylthio )-propanenitrile, 3-(phenylmethyl)-2,5-piperazinedione, 3,3 '-dithiobis-2-methyl­

furan, 3,5-bis(l,l-dimethylethyl)-phenol, 3,5-di-tert-butylbenzoic acid, 3-decen-2-one, 3-

ethylcyclopentanone, 3-ethyl-pentane, 3-methyl-2-butenal, 3-methyl-2-

thiophenecarboxaldehyde, 3-methyl-3-buten-2-one, 3-methyl-butanal, 3-methyl-furan, 3-

methylheptyl acetate, 3-methyl-pentanal, 3-pentyl-furan, 3-phenyl-furan, 3-

thiophenecarboxaldehyde, 3-thiophenemethanol, 4, 7-dimethyl-undecane, 4-chloro-2,6-bis(l, 1-

dimethylethyl)-phenol, 4-ethoxy-benzoic acid, ethyl ester, 4-ethyl-2-methyl-pyrrole, 4-ethyl­

benzaldehyde, 4-methyl-2-heptanone, 4-methyl-5-thiazoleethanol, 4-methylthiazole, 4-

nitrophenyl 2-thiophenecarboxylic acid ester, 4-penten-2-one, 4-quinolinecarboxaldehyde, 5-(2-

chloroethyl)-4-methylthiazole, 5-ethenyl-4-methyl-thiazole, 5-ethyldihydro-2(3H)-furanone, 5-

formyl-4-methylthiazole, 5-methyl-1-undecene, 6-methyl-2-heptanone, 7-methyl-(E)-5-
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undecene, 9-octadecenal, acetaldehyde, acetic acid, acetone, acetonitrile, acetophenone, acetyl 

valeryl, aminophenylacetylene, benzaldehyde, benzene, benzoic acid, benzyl alcohol, bis(2-

methyl-4,5-dihydro-3-furyl) disulfide, butanal, butanone, butyrolactone, carbon disulfide, 

decanal, dihydro-3-(2H)-thiophenone, dihydro-5-pentyl-2(3H)-furanone, dimethyl selenone, 

dimethyl sulfide, dimethyl trisulfide, dodecanal, ethanol, ethyl acetate, formic acid, heptyl ester, 

furan, furfural, heptanal, hexanoic acid, isopropyl alcohol, isothiazole, isothiocyanato-methane, 

m-aminophenylacetylene, methacrolein, methanethiol, methional, methyl (methylthio)methyl 

disulfide, methyl isopropyl disulphide, methyl thiolacetate, methyl vinyl ketone, methyl­

pyrazine, methyl-thiirane, nonanal, octanal, octane, oxalic acid, diallyl ester, oxalic acid, isobutyl 

pentyl ester, p-cresol, p-dithiane-2,5-diol, pentanal, pentanoic acid, 2,2,4-trimethyl-3-hydroxy-, 

isobutyl ester, phenol, phenylacetaldehyde, propanal, propyl-cyclopropane, p-xylene, pyrazine, 

pyrrole, styrene, thiazole, thiocyanic acid, methyl ester, thiophene, toluene, trans-2-(2-

pentenyl)furan, and tridecane. 

52. (Previously Presented) The meat-like food product of claim 31, wherein the at least 

two volatile compounds are selected from 2-methyl-furan, bis(2-methyl-3-furyl)disulfide, 2-

pentyl- furan, 3,3 '-dithiobis-2-methyl-furan, 2,5-dimethyl-pyrazine, 2-methyl-3-furanthiol, 

dihydro-3- (2H)-thiophenone, 5-methyl-2-thiophenecarboxaldehyde, 3-methyl-2-

thiophenecarboxaldehyde, 2-methyl-thiazole, dimethyl sulfide, decanal, 5-ethyldihydro-2(3H)­

furanone, dihydro-5-pentyl- 2(3H)-furanone, 2-octanone, 3,5-octadien-2-one, p-cresol, and 

hexanoic acid. 

53. (Previously Presented) The meat-like food product of claim 31, wherein the at least 

two volatile compounds are 2-methyl-furan and bis(2-methyl-3-furyl)disulfide. 

54. (Previously Presented) A meat-like food product produced by a method comprising: 

providing one or more plant proteins; and 

combining, with the one or more plant proteins: 

a heme-containing protein; 
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one or more of glucose, ribose, fructose, lactose, xylose, arabinose, 

glucose-6-phosphate, maltose, and galactose; and 

one or more of cysteine, cystine, thiamine, and methionine; 

wherein the meat-like food product is free of animal heme-containing protein; 

wherein cooking the meat-like food product results in the production of at least two 

volatile compounds which have a meat-associated aroma; and 

wherein the meat-like food product is in a form selected from the group consisting of a 

hotdog, a burger, ground meat, a sausage, a steak.,_ a filet, a roast, a meatball, a meatloaf, or 

bacon. 

55. (Previously Presented) The meat-like food product of claim 54, wherein the meat-like 

food product is free of animal products. 
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REMARKS 

Claims 31-37 and 40-55 are pending, with claims 31 and 54 being independent. Claims 

31, 34, and 35 have been amended to correct minor errors. No new matter has been introduced. 

Applicant asks that all claims be allowed in view of the amendments to the claims. No 

fees are believed to be due. Please apply any necessary charges or credits to Deposit Account 

06-1050, referencing the above attorney docket number. 

Date: December 3 2021 

Customer Number 26191 
Fish & Richardson P.C. 
Telephone: +l 512-226-8156 
Facsimile: (877) 769-7945 

100561931.doc 

Respectfully submitted, 

/Heather L. Flanagan/ 

HeatherL. Flanagan, Reg. No. 54,101 
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further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected 
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

26191 7590 

FISH & RICHARDSON P.C. 
P.O. BOX 1022 

11/04/2021 

MINNEAPOLIS, MN 55440-1022 

APPLICATION NO. FILING DATE 

15/913,090 03/06/2018 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to 
the USPTO via EFS-Web or bv facsimile to (571) 273-2885, on the date below. 

(Typed or printed name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Rachel Fraser 38767-0015008 9878 

TITLE OF INVENTION: METHODS AND COMPOSITIONS FOR AFFECTING THE FLAVOR AND AROMA PROFILE OF CONSUMABLES 

APPLN.TYPE ENTITY STATUS ISSUE FEE DUE 

nonprovisional LARGE $1200 

EXAMINER ARTUNIT 

GWARTNEY, ELIZABETH A. 1796 

I. Change of correspondence address or indication of "Fee 
Address" (37 CFR 1.363). 

[ l 

[ l 

Change of correspondence address ( or Change of 
Correspondence Address form PTO/SB/122) attached. 

"Fee Address" indication ( or "Fee Address" Indication 
form PTO/SB/47; Rev 03-09 or more recent) 
attached. Use of a Customer Number is required. 

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$0 $0 $1200 02/04/2022 

CLASS-SUBCLASS 

426-533000 

2. For printing on the patent front page, list 

(I) The names ofup to 3 registered patent attorneys 
or agents OR, alternatively, Fish & Richardson P.C. 

(2) The name of a single firm (having as a member 
a registered attorney or agent) and the names of 2 _____________ _ 
up to 2 registered patent attorneys or agents. If 
no name is listed, no name will be printed. 3 

3. ASSIGNEE NAME AND RESIDENCE DATA TOBE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been 
previously recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.8l(a). Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE 
Impossible Foods Inc. 

(B) RESIDENCE: (CITY and STATE OR COUNTRY) 
Redwood City, CA 

Please check the appropriate assignee category or categories (will not be printed on the patent): ] Individual [X] Corporation or other private group entity [ ] Government 

4a. Fees Submitted: [X] Issue Fee [ ] Publication Fee (if required) [ ] Advance Order - # of Copies 

4b. Method of Payment (Please first reapply any previously paid fee shown above): 

[X] Electronic Payment via EFS-Web [ ] Enclosed check [ ] Non-electronic payment by credit card (Attach form PTO-2038) 

[X] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment, to Deposit Account No. 06-1050 
5. Change of Entity Status (from status indicated above) 

[ ] Applicant certifying micro entity status. See 37 CFR 1.29 

] Applicant asserting small entity status. See 37 CFR 1.27. 

] Applicant changing to regnlar nndiscounted fee status. 

NOTE: Absent a valid Certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue fee 
payment in the micro entity amount will not be accepted at the risk of application abandonment. 

NOTE: If the application was previously under micro entity status, checking this box will be taken as 
a notification of loss of entitlement to micro entity status. 

NOTE: Checking this box will be taken as a notification of loss of entitlement to small or micro entity 
status, as applicable. 

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications. 

Authorized Signature /Heather L. Flanagan/ 

Typed or printed name Heather L. Flanagan 
PTOL-85 Part B (08-18). Approved for use through 1/31/2020 

100547252.doc 

0MB 0651-0033 

Date December 3, 2021 

Registration No. _5_4_,~1_0_1 __________ _ 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

15/913,090 03/06/2018 Rachel Fraser 

26191 7590 12/13/2021 

FISH & RICHARDSON P.C. (TC) 
PO BOX 1022 
MINNEAPOLIS, MN 55440-1022 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

38767-0015008 

CONFIRMATION NO. 

9878 

EXAMINER 

GWARTNEY. ELIZABETH A 

ART UNIT PAPER NUMBER 

1759 

NOTIFICATION DATE DELIVERY MODE 

12/13/2021 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): 

P ATDOCTC@fr.com 

PTOL-90A (Rev. 04/07) 
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U.S. Patent No. 11,224,241

Response to Rule 312 Communication 

Application No. 

15/913,090 

Examiner 

ELIZABETH A GWARTNEY 

Applicant(s) 

Fraser et al. 

Art Unit AIA (FITF) Status 

1759 No 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --

1. ~The amendment filed on 07 December 2021 under 37 CFR 1.312 has been considered, and has been: 

a) ~ entered. 

b) D entered as directed to matters of form not affecting the scope of the invention. 

c) D disapproved because the amendment was filed after the payment of the issue fee. 

Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)( 1) 

and the required fee to withdraw the application from issue. 

d) D disapproved. See explanation below. 

e) D entered in part. See explanation below. 

U.S. Patent and Trademark Office 

/ELIZABETH GWARTNEY/ 
Primary Examiner, Art Unit 1759 

PTOL-271 (Rev. 04-01) Response to Rule 312 Communication Part of Paper No. 20211208 
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OK TO ENTER: /E.Go/ 

12/08/2021 
Attorney's Docket No.: 38767-0015008 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

First Named Inventor : 
Application No. 
Filed 

Title 

Rachel Fraser 
15/913,090 
March 6, 2018 

Art Unit 1796 
Examiner Elizabeth A Gwartney 
Confirmation No. 9878 
Notice of Allowance Date: 11/4/2021 

METHODS AND COMPOSITIONS FOR AFFECTING THE 
FLAVOR AND AROMA PROFILE OF CONSUMABLES 

MAIL STOP ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

AMENDMENT AFTER ALLOWANCE 
PURSUANT TO 37 C.F.R. §1.312 

Please amend the application as indicated on the following pages. This amendment is 

being filed concurrently with the payment of the issue fee. 
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Case No.: IPR2023-00208 
U.S. Patent No. 11,224,241

Receipt date: 05/08/2019 

Sheet _l_ of _l__ 

Substitute Disclosure Form U.S. Department of Commerce Attorney Docket No. I Application No. 
Patent and Trademark Office 38767-0015008 15/913,090 

Information Disclosure Statement Applicant 

by Applicant Impossible Foods Inc. 
(Use several sheets if necessary) Filing Date I Group Art Unit 

(37 CFR §1.98(b)) March 6, 2018 1791 

U.S. Patent Documents 
Examiner Desig. Document Publication Filing Date 

Initial ID Number Date Patentee Class Subclass If Appropriate 

1. 9700067 7/11/2017 Fraser 

2. 10039306 8/7/2018 Vrljic et al. 

3. 10172380 1/8/2019 Varadan et al. 

4. 10172381 1/8/2019 Vrliic et al. 

5. 20080026128 1/31/2008 Yama!!llchi 

6. 20140220217 8/7/2014 Brown et al. 

7. 20150289541 10/15/2015 Brown et al. 

~~ -
Chang 

to doc 

e \ I· J 
8. 20160305361 ,~,,i:incn5 10/2016 Akita 

- -· 
l l 

9. - 20170172169 6/22/2017 Grzanich u 

F ./ /M.H. 
11/11/ 

10. 20170188612 9/29/2016 Varadan et al. 

, 021 11. 20180168209 6/21/2018 Fraser et al. 

12. 20190116855 4/25/2019 Vrliic et al. 

Foreign Patent Documents or Published Foreign Patent Applications 
Examiner Desig. Document Publication Country or Translation 

Initial ID Number Date Patent Office Class Subclass Yes No 

13. 
English 

JP 2010-523125 7/15/2010 JAPAN Abstract 

14. 
English 

JP 2013-192528 9/3/2013 JAPAN Abstract 

15. 
English 

WO 2010/110493 10/4/2012 WlPO Abstract 

Other Documents (include Author, Title, Date, and Place of Publication) 
Examiner Desig. 

Initial ID Document 

16. 
EPO Opposition, "Proprietor's observations and amendments under Rule 79(1) EPC," February 27, 
2019, 50 pages 

17. 
Fountoulakis and Lahm, "Hydrolysis and amino acid composition analysis of proteins", J. 
Chromatogr A, 826: 109-134, 1998 

18. 
Konermann et al., "Acid-induced denaturation of myoglobin studied by time-resolved electro spray 
ionization mass spectrometrv", Biochemistrv, 1997, vol. 36, pages 6448-6454 

19. 
MacMunn, "An address on some of the applications of the spectroscope to medicine", The British 
Medical Journal, Januarv 3, 1891, pages 3-9 

Examiner Signature Date Considered 

/ELIZABETH GWARTNEY/ 05/06/2020 

EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. Include copy of this form with 
next communication to applicant. 

Substitute Disclosure Form 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /E.G./ 
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U.S. Patent No. 11,224,241

UNITED STATES PA TENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

APPLICATION NO. ISSUE DATE 

15/913,090 01/18/2022 

26191 7590 12/28/2021 

FISH & RICHARDSON P.C. (TC) 
PO BOX 1022 
MINNEAPOLIS, MN 55440-1022 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

PATENT NO. ATTORNEY DOCKET NO. 

11224241 38767-0015008 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U .S.C. 154 (b) 
(application filed on or after May 29, 2000) 

CONFIRMATION NO. 

9878 

The Patent Term Adjustment is 279 day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office 
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments 
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at 
(571)-272-4200. 

INVENTOR(s) (Please see PAIR WEB site http://pair.uspto.gov for additional inventors): 

Rachel Fraser, San Francisco, CA; 
Patrick O'Reilly Brown, Stanford, CA; 
Jessica Karr, San Francisco, CA; 
Celeste Holz-Schietinger, East Palo Alto, CA; 
Elysia Cohn, Sunnyvale, CA; 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Impossible Foods Inc., Redwood City, CA; 

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 USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
IR103 (Rev. 10/09) 
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Case No.: IPR2023-00208 
U.S. Patent No. 11,224,241

Case 1:22-cv-00311-CFC Document 20 Filed 07/25/22 Page 1 of 1 Page!D #: 1203 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK 

In Compliance with 35 U .S .C. § 290 and/or 15 U .S .C. § 1116 you are hereby advised that a court action has been 

filed in the U.S. District Court for the District of Delaware on the following 

D Trademarks or ~Patents. ( D the patent action involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
22-cv-00311-CFC 3/9/2022 for the District of Delaware 

PLAINTIFF DEFENDANT 

IMPOSSIBLE FOODS INC. MOTIF FOODWORKS, INC. 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 10,863,761 12/15/2020 IMPOSSIBLE FOODS INC. 

2 

3 

4 

5 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 
7/25/2022 [!I' Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 9,943,096 4/17/2018 IMPOSSIBLE FOODS INC. 

2 10,039,306 8/7/2018 IMPOSSIBLE FOODS INC. 

3 11,013,250 5/25/2021 IMPOSSIBLE FOODS INC. 

4 11,224,241 1/18/2022 IMPOSSIBLE FOODS INC. 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

IDECISION/JUDGEMENT 

I (BY) DEPUTY Cl.ERK 

Copy 1-Upon initiation of action, mail this copy to Director Copy 3-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4---Case file copy 
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Case No.: IPR2023-00208 
U.S. Patent No. 11,224,241

Case 1:22-cv-00311-CFC Document 23 Filed 09/08/22 Page 1 of 1 Page!D #: 1773 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been 

filed in the U.S. District Court for the District of Delaware on the following 

D Trademarks or ~Patents. ( D the patent action involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
22-cv-00311-CFC 3/9/2022 for the District of Delaware 

PLAINTIFF DEFENDANT 

IMPOSSIBLE FOODS INC. MOTIF FOODWORKS, INC. 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 10,863,761 12/15/2020 IMPOSSIBLE FOODS INC. 

2 

3 

4 

5 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 

~ Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 9,943,096 4/17/2018 IMPOSSIBLE FOODS INC. (included by amendment on 7/25/22) 

2 10,039,306 8/7/2018 IMPOSSIBLE FOODS INC. (included by amendment on 7/25/22) 

3 11,013,250 5/25/2021 IMPOSSIBLE FOODS INC. (included by amendment on 7/25/22) 

4 11,224,241 1/18/2022 IMPOSSIBLE FOODS INC. (included by amendment on 7/25/22) 

5 See Exhibit A 

In the above-entitled case, the following decision has been rendered or judgement issued: 

IDECISION/ruDGEMENT 

I (BY) DEPUTY CLERK 

Copy 1-Upon initiation of action, mail this copy to Director Copy 3-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4-Case file copy 




