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ascorbate, sodium bisulfite, sodium erythorbate, sodium metabisulfite, sodium sulfite, 

superoxide dismutase, sodium thioglycolate, sorbity1 furfural, thiodiglycol, 

thiodiglycolamide, thiodiglycolic acid, thioglycolic acid, thiolactic add, thiosalicylic acid, 

tocophereth-5, tocophereth-10, tocophereth-12, tocophereth-18, tocophereth-50, tocopherol, 

tocophersolan, tocopheryl acetate, tocopheryl linoleate, tocopheryl nicotinate, tocopheryl 

succinate, and tris(nonylphenyl)phosphite. 

e. Thickening Agents 

[0049] Thickening agents, including thickener or gelling agents, include substances 

which that can increase the viscosity of a composition. Thickeners include those that can 

increase the viscosity of a composition without substantially modifying the efficacy of the 

ingredients within the composition. Thickeners can also increase the stability of the 

compositions of the present invention. Non-limiting examples of additional thickeners that 

are known to those of ordinary skill in the art can be used in the context of the present 

invention (e.g., U.S. Patent Nos. 5,087,445; 4,509,949; 2,798,053; International Cosmetic 

Ingredient Dictionary and Handbook, l(f1 Ed., 2004). Examples include carboxylic acid 

polymers, crosslinked polyacrylate polymers, polyacrylamide polymers, polysaccharides, and 

gums. Examples of carboxylic acid po11mers include crosslinked compounds containing one 

or more monomers derived from acrylic acid, substituted acrylic acids, and salts and esters of 

these acrylic acids and the substituted acrylic acids, wherein the crosslinking agent contains 

two or more carbon-carbon double bonds and is derived from a polyhydric alcohol, 

Examples of commercially available carboxylic acid polymers include carbomers, which are 

homopolymers of acrylic acid crosslinked with allyl ethers of sucrose or pentaerytrito] (e.g., 

Carbopol™ 900 series from B. F. Goodrich) . 

. f. Silicone Containing Cmnpounds 

[0050] In non-limiting aspects, silicone containing compounds include any member 

of a family of po111neric products whose molecular backbone is made up of alternating 

silicon and oxygen atoms with side groups attached to the silicon atoms. By varying the --Si-

0- chain lengths, side groups, and crosslinking, silicones can be synthesized into a wide 

variety of mate1ials. They can vary in consistency from liquid to gel to solids. 

[0051] The silicone containing compounds that can be used in the context of the 

present invention include those described in this specification or those known to a person of 

ordinary skill in the art Non-limiting examples include silicone oils (e.g., volatile and non-

19 



Motif Exhibit 1150, Page 971 of 1599

Case No.: IPR2023-00206 
U.S. Patent No. 11,224,241

WO 2007/137128 PCT/US2007/069160 

volatile oils), gels, and solids. The silicon containing compound can be a silicone oil such as 

a polyorganosiloxane. Non-limiting examples of polyorganosiloxanes include dimethicone, 

cydomethicone, polysilicone-11, phenyl trimethicone, trimethylsi]ylamodimethicone, 

stearoxytrimethylsilane, or mixtures of these and other organosiloxane materials in any given 

ratio in order to achieve the desired consistency and application characteristics depending 

upon the intended application (e.g., to a particular area such as the skin, hair, or eyes). A 

"volatile silicone oil" includes a silicone oil have a I.ow heat of vaporization, i.e. normally 

less than about 50 cal per gram of silicone oil. Non-limiting examples of volatile silicone oils 

include: cyclomethicones such as Dow Corning 344 Fluid, Dow Coming 345 Fluid, Dow 

Coming 244 Fluid, and Dow Corning 245 Fluid, Volatile Silicon 7207 (Union Carbide C01v., 

Danbury, Conn.); low viscosity dimethicones, i.e. dimethicones having a viscosity of about 

50 est or less (e.g., dimethiconcs such as Dow Coming 200-0.5 est Fluid). Tbe Dow Coming 

. Fluids are available from Dow Corning Co11Joration, Midland, Michigan. Cydomethicone 

and dimethicone are described in International Cosmetic ingredient Dictionary, 10th Ed., 2004 

as cyclic dimethyl polysiloxane compounds and a mixture of fully methylated linear siloxane 

polymers end--blocked with trimethylsiloxy units, respectively. Other non-limiting volatile 

silicone oils that can be used in the context of the present invention include those available 

from General Electric Co., Silicone Products Div., Waterford, N.Y. and SWS Silicones Div. 

of Stauffer Chemical Co., Adlian, Michigan. 

2. Pharmaceutical Actives 

[0052] Pharmaceutical active agents are also contemplated as being useful with the 

compositions of the present invention. Non-limiting examples of pham1aceutical active 

agents include anti-acne agents, agents used to treat rosacea, analgesics, anesthetics, 

anorectals, antihistamines, anti-inflammatory agents including non-steroidal anti­

inflammatory drugs, antibiotics, antifongals, antivirals, antimicrobials, anti-cancer actives, 

scabicides, pediculicides, antineoplastics, antiperspirants, antiprnritics, antipsoriatic agents, 

antiseborrheic agents, biologically active proteins and peptides, bum treatment agents, 

cauterizing agents, depigmenting agents, depilatories, diaper rash treatment agents, enzymes, 

hair growth stimulants, hair gmwth retardants including DFMO and its sahs and analogs, 

hemostatics, kerotolytics, canker sore treatment agents, cold sore treatment agents, dental and 

periodontal treatment agents, photosensitizing actives, skin protectant/1nrrier agents, steroids 

including honnones and corticosteroids, sunburn treatment agents, sunscreens, transdermal 
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actives, nasal actives, vaginal actives, wart treatment agents, wound treatment agents, wound 

healing agents, etc. 

l) Vehicles 

[0053] Compositions of the present invention can be incorporated into all types of 

vehicles. Non-limiting examples of suitable vehicles indude emulsions (e.g., water-in-oil, 

v,tater-in-oil-in-water, oil-in-water, oil-in-water-in-oil, oil-in-water-in-silicone, water-in­

silicone, silicone-in-water emulsions), creams, lotions, solutions (both aqueous and hydro­

alcoholic), anhydrous bases (such as lipsticks and powders), gels, and ointments or by other 

method or any combination of the forgoing as would be known to one of ordinary skill in the 

art (see, e.g., Remington's, 1990 and Jntemational Cosmetic Ingredient Dictionary and 

Handbook, 10th Ed., 2004)). Variations and other appropriate vehicles will be apparent to the 

skilled artisan and are appropriate for use in the present invention. In certain aspects, it is 

important that the concentrations and combinations of the compounds, ingredients, and 

agents be selected in such a way that the combinations are chemically compatible and do not 

form complexes which precipitate from the finished product 

E Cosmetic Products and Articles of Manufacture 

[0054] The composition of the present invention can also be used in many cosmetic 

products including, but not limited to, sunscreen products, sunless skin tanning products, hair 

products, finger nail products, moisturizing creams, skin benefit creams and lotions, 

softeners, day lotions, gels, ointments, foundations, night creams, lipsticks, cleansers, toners, 

masks, or other known cosmetic products or applications. Additionally, the cosmetic 

products can be fom1ulated as leave-on or rinse-off products. In certain aspects, the 

compositions of the present invention are stand-alone products. 

Ii' Kits 

[0055] Kits are also contemplated as being used in certain aspects of the present 

invention. For instance, emulsion compositions of the present invention can be included in a 

kit. A kit can include a container. Containers can indude a bottle, a metal tube, a laminate 

tube, a plastic tube, a dispenser, a pressurized container, a barrier container, a package, a 

compartment, a lipstick container, a compact container, cosmetic pans that can hold cosmetic 

compositions, or other types of containers such as injection or blow-molded plastic containers 
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into which the dispersions or compositions or desired bottles, dispensers, or packages are 

retained. The kit and/or container can include indicia on its surface. The indicia, fi.ff 

example, can be a word, a phrase, an abbreviation, a picture, or a symbol. 

[0056] The containers can dispense a pre-determined amount of the emulsion 

composition. In other embodiments, the container can be squeezed ( e.ff, metal, laminate, or 

plastic tube) to dispense a desired amount of the emulsion composition. The emulsion 

composition can be dispensed as a spray, an aerosol, a liquid, a fluid, or a semi-solid. The 

containers can have spray, pump, or squeeze mechanisms. A kit can also include instmctions 

frff employing the kit components as well the use of any other emulsion compositions 

included in the container. Instructions can include an explanation of how to apply, use, and 

maintain the emulsion compositions. 

EXAMPLES 

[0057] The foHovving examples are inc.luded to demonstrate certain non--lirniting 

aspects of the invention. It should be appreciated by those of skill in the art that the 

techniques disclosed in the examples which follow representative techniques discovered by 

the inventor to fonction well in the practice of the invention. However, those of skill in the 

mt should appreciate that changes can be made in the specific embodiments which are 

disclosed and still obtain a like or similar result without departing from the spirit and scope of 

the invention. 

EXAMPLE 1 
Methods of Making Glyceryl/Acid or Glycol Add Compounds 

[0058] An esterification process can be used fr)r producing glyceryl/acid and 

glycol/acid compounds" A glyceryl or glycol molecule and an acid molecule are added to a 

multi-necked round bottom fiask equipped with a heating mantle, a condenser, a Dean-Stark 

trap and a them1ometer. A solvent is chosen that will allow a high enough reflux temperature 

to accommodate the reaction. The reaction is nm until the calculated amount of vvater is 

collected in the trap signifying that the limiting reagent is exhausted. The by-product can be 

compounds other than water in some processes. For instance, if a methyl salicylate is used in 

place of salicylic acid, methanol will be the by-product rather than water, and the methanol 

may escape through the condenser or remain in the reaction flask. The methanol can be 

removed when the ester is extracted. 
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EXAMPLE2 
UV Absorption Data for Glyceryl Mono-Salicylate 

[0059] 

below: 

UV absorption data fi)r glyceryl mono-salicylate is summarized in Table 1 

Table 1 (UV absorption dahrk) 

Glyceryl Mono-Salkylate Data 

~Avg. Mol. Wt 242.95 
Molar Absorptivity (fi. max 23 8nm) 12065.7 
Molar Absorptivity (fi. max 307n.m) 6126.4 
*Data obtamed by usmg a UV/Vis spectrometer using standard USP 197U testmg procedures . 

. EXAMPLE3 
Compositions 

[0060] Non-limiting examples of compositions of the present invention are described 

in Tables 1-3. 

Table 2* (Exfoliation composition) 

Ingredient % Concentration (by weight) 

SD Alcohol 40-B 56.00 
Glyceryl mono-salicylate** 7.50 
Water 29.00 
Mineral oil 3.00 
Sepigel 305 (thickener) 4.00 
*The compos1t10n was prepared as follows: Ingredients were cold-mixed and added to a beaker in the 
listed order prior to the addition of the next ingredient. The pH of the composition was adjusted to 
approximately 4.3 by using 1N HCl solution. 
** Glyceryl mono-salicylate can be substituted with other gtyceryi/acid and glycollacid compounds. 
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Table 3* (Moisturizer**) 

Ingredient 0/o Concentration (by weight) 

Phase A 
\Vater 66,44 
Xanthumgum 0,10 

____ Methyl parnben 0.15 
____ Propyl paraben 0.10 

Citric acid OJJJ 
Phase B 
Cetyl alcohol 4.00 
Glyceryl stearate + PEG 100 4.00 
Octy] palmitate 4.00 
Dimethicone 1.00 
Tocopheryl acetate 0.20 
Phase C 
SD Alcohol 40-B 15.00 
Glyceryl mono-salicylate*** 5.00 

*The composition was prepared as follows: Phases A and B were heated to approximately 70°C-75"C m 
separate beakers while mixing. Phase B was added to Phase A when both phases were at appro:<imately 70°C-
75"C. The Phase A+B mixture was cooled to <40"C while mixing. Phase C was subsequently added to the 
Phase A+B mixture, and the mixture was cooled to room tempera1ure (approximately 20°C-25°C) while 
mixing. 
**Formulation showed statistically significant moisturization for 6 hours after application to skin when 
compared to the baseline control (p<0.05) (data not shown). 
***Glyceryl mcmo-saiicylate can be substituted with other glyceryl/acid and glycol/acid compounds. 

Table 4 (Generic formulation)* 

Ingredient % Concentration (by weight) 

Phase A 
Water 84.44 
Xanthum gum 0.1 
M-paraben 0.15 
P-paraben 0.1 
Citric acid 0.01 
Phase B 
Cetyl alcohol 4.0 

____ Glyceryl stearate + PEG 100 4.0 
Octyl palmitate 4.0 
Dirnethicone 1.0 
Tocopheryl acetate 0.2 
Phase C 
Glyceryl mono-salicylate** 2.0 

*The composmon can be prepared as foliows: Sprmldc Xanthum gum m water and mix for 10 mm. 
Subsequently, add all ingredients in phase A and beat to 7CV15°C Add all items in phase B to a separate 
beaker and heat to 70-75°C. :Mix phases A and Ba! 70-75°C. Continue mixing and allow composition to cool 
to 30°C. Subsequently, add phase C ingredient while mixing. 
*"Giyceryl mono-salicylate can be substituted with other giyc:eryliacid and glycol/acid compounds. 
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Table 5 (Generic formulation)* 

Ingredient % Concentration (by weight) 

Phase A 
Water 78.6 
M-paraben 11 '> 

U.L. 

P-paraben 0.1 
Na2 EDTA 0.1 
Shea butter 4.5 
Petrolatum 4.5 
Glycerin 4.0 
Propylene Glycol 2.0 
Finsolve TN 2.0 
Phase B 
Sepigel 305 2.0 
Phase C 
Glyceryl mono-salicylate** 2.0 

- - - . *Add mgred1ents m phase A to beaker and heat to 70-'/5°C while rmxmg. Subsequently, add the phase B 
ingredient \Nith phase A and cool to 30°C with mixing. Subsequently, add phase C ingredient while mixing. 
**Glyceryl mono-salicylate can be substituted with other glyceryl/acid and glycol/acid compounds. 

Table 6 (Generic formulation)* 

Ingredient % Concentration (by weigllt) 

Phase A 
Water 84.44 
Xanthum gum 0.1 
M--paraben 0.15 
P-paraben 0.1 
Citric acid 0.01 
Phase B 
Cety1 alcohol 4.0 
Glyceryl stearate + PEG 100 4.0 
Octyl palmitate 4.0 
Dimethicone LO 
Tocopheryl acetate 0.2 
Phase C 
Glyceryl rnono-salicylate** 1.0 
Glycol mono-sali.cylate** 1.0 .. 

* I'he compos1t10n can be prepared as follows: Spnnkle Xanthum gum rn water and nnx for 10 nun. 
Subsequently, add all ingredients in phase A and heat to 70-75°C. Add an items in phase B to separate beaker 
and heat to 70-75°C. Mix phases A and B at 70-75"C. Continue mixing and allow composition to cool to 
30°C. Subsequently, add phase C ingredient while mixing. 
**Glyceryl mono-salicylate and/or glycol mono-salicylate can be substituted with other glyceryl/acid and 
glycol/acid compounds. 
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Table 7 (Generic formulation)* 

Ingredient %, Concentration (by weight) 

Phase A 
\Vater 78.6 
M-paraben 0.2 
P-paraben 0.1 
Na2 EDTA 0.1 
Shea butter 4.5 
Petrolatum 4.5 
Glycerin 4.0 

_____ rropylene Glycol 2.0 
Finsolve TN 2.0 
Phase B 
Sepigel 305 2.0 
Phase C 

_Glyceryl mono-salicylate** 1.0 
Glycol rnono-salicylate** 1.0 

"'Add mgrechents m phase A to beaker and heat to 7U-75°C while mtxrng, Subsequently, add the phase B 
ingredient with phase A and cool to 30°C with mixing. Subsequently, add phase C ingredient while mixing. 
**Glyceryl mono-salicylate and/or glycol mono-salicyiate can be substituted with other glyceryl/acid and 
glycol/acid compounds. 

EXAMPLE4 
Determining Efficacy of GlyceryU Add or Glycol/ Acid Compounds and Compositions 

[0061] The efficacy of the glyceryl/acid or glycol/acid compounds and compositions 

containing the same can be detem1ined by methods k11own to those of ordinary skill in the art. 

The following are non-limiting procedures that can be used in the context of the present 

invention. It should be recognized that other testing procedures can be used, including, for 

example, objective and subjective procedures. 

[0062] Skin moisture/hydration can be measured by using impedance measurements 

with the Nova Dermal Phase Meter. The impedance meter measures changes in skin 

moisture content The outer layer of the skin has distinct electrical properties. When skin is 

dry it conducts electricity very poorly. As it becomes more hydrated increasing conductivity 

results. Consequently, changes in skin impedance (related to conductivity) can be used to 

assess changes in skin hydration. The unit can be calibrated according to instrnment 

instrnctions for each testing day. A notation of temperature and rc!ati ve humidity can also be 

made. Subjects can be evaluated as follows: prior to measurement they can equilibrate in a 

room with defined humidity (e.g., 30-50%) and temperature (e.g., 68-72C). Three separate 

impedance readings can be taken on each side of the face, recorded, and averaged. The T5 

setting can be used on the impedance meter which averages the impedance values of every 
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five seconds application to the face. Changes can be rep01ied with statistical variance and 

significance. 

[0063] Skin clarity and the reduction in freckles and age spots can be evaluated using 

a Minolta Chromometer. Changes in skin color can be assessed to determine irritation 

potential due to product treatment using the a* values of the Minolta Chroma Meter. The a* 

value measures changes in skin color in the red region. This is used to determine whether a 

composition is inducing irritation. The rneasurements can be rnade on each side of the face 

and averaged, as left and right facial values. Skin clarity can also be measured using the 

Minolta Meter. The measurement is a combination of the a*, b, and L values of the Minolta 

Meter and is related to skin brightness, and correlates well with skin smoothness and 

hydration. Skin reading is taken as above. In one non-limiting aspect, skin clarity can be 

described as L/C where C is chroma and is defined as (a2+ b2 )1/2_ 

[0064] Skin dryness, surface fine lines, skin smoothness, and skin tone can be 

evaluated with clinical grading techniques. For example, clinical grading of skin dryness can 

be determined by a five point standard Kligman Scale: (0) skin is soft and moist; (1) skin 

appears normal with no visible dryness; (2) skin feels slightly dry to the touch with no visible 

flaking; (3) skin feels dry, tough, and has a whitish appearance ,vith some scaling; and ( 4) 

skin fi.~els very dry, rough, and has a whitish appearance with scaling. Evaluations can be 

made independently by two clinicians and averaged. 

[0065] Clinical grading of skin tone can be perfixmed via a ten point analog 

numerical scale: (10) even skin of uniform, pinkish brown color. No dark, erythremic, or 

scaly patches upon examination with a hand held magnifying Jens. Microtexture of the skin 

very uniform upon touch; (7) even skin tone observed without magnification. No scaly areas, 

but slight discolorations either due to pigmentation or erythema. No discolorations more than 

1 cm in diameter; (4) both skin discoloration and uneven texture easily noticeable. Slight 

scaliness. Skin rough to the touch in some areas; and (1) uneven skin coloration and texture. 

Numerous areas of scaliness and discoloration, either hypopigmented, erythremic or dark 

spots. Large areas of uneven color more than 1 cm in diameter. Evaluations were made 

independently by two clinicians and averaged. 

[0066] Clinical grading of skin smoothness can be analyzed via a ten point analog 

nurne1ical scale: (10) smooth, skin is moist and glistening, no resistance upon dragging 
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finger across surface ; (7) somewhat smooth, slight resistance; ( 4) rough, visibly altered, 

friction upon rubbing; and (1) rough, flaky, uneven surface. Evaluations were n1ade 

independently by two clinicians and averaged. 

[0067] Skin smoothness and ·wrinkle reduction can also be assessed visually by using 

the methods disclosed in Packman and Garns (1978). For example, at each subject visit, the 

depth, sha11owness and the total number of superficial facial lines (SFLs) of eacb subject can 

be carefully scored and recorded. A numerical score was obtained by multiplying a number 

factor times a depth/widthJlength factor. Scores are obtained for the eye area and mouth area 

(left and right sides) and added together as the total wrinkle score. 

[0068] Skin fimmess can be measured using a Hargens ballistometer, a device that 

evaluates the elasticity and fimmess of the skin by dropping a small body onto the skin and 

recording its first two rebound peaks. The ballistometry is a small lightweight probe with a 

relatively blunt tip ( 4 square mm-contact area) was used. The probe penetrates slightly into 

the skin and results in measurements that are dependent upon the properties of the outer 

layers of the skin, including the stratum corneum and outer epidermis and some of the dermal 

layers. 

[0069] Skin softness/suppleness can be evaluated using the Gas Bearing 

Electrodynamometer, an instrument that measures the stress/strain properties of the skin. The 

viscoelastic properties of skin correlate with skin moisturization. Measurements can be 

obtained on the predetermined site on the cheek area by attaching the probe to the skin 

surface with double-stick tape. A force of approximately 3.5 gm can be applied parallel to 

the skin surface and the skin displacement is accurately measured. Skin suppleness can then 

be calculated and is expressed as DSR (Dynamic Spring Rate in gm/mm). 

[0070] The appearance of lines and wrinkles on the skin can be evaluated using 

replicas, which is the impression of the skin's surface. Silicone rnhber like material can be 

used. The replica can be analyzed by image analysis. Changes in the visibility of lines and 

wrinkles can be objectively quantified via the taking of silicon replicas form the subjects' 

face and analyzing the replicas image using a computer image analysis system. Replicas can 

be taken from the eye area and the neck area, and photographed with a digital camera using a 

low angle incidence lighting. The digital images can be analyzed with an image processing 

program and the are of the replicas covered by wrinkles or fine lines was determined. 
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[0071] The surface contour of the skin can be measured by using the 

profilometer/Stylus method. This includes either shining a light or dragging a stylus across 

the replica surface. The vertical displacement of the stylus can be fed into a computer via a 

distance transducer, and after scanning a fixed length of replica a cross-sectional analysis of 

skin profile can be generated as a two-dimensional curve. This scan can be repeated any 

number of times along a fix axis to generate a simulated 3-D picture of the skin. Ten random 

sections of the replicas using the stylus technique can be obtained and combined to generate 

average values. The values of interest include Ra which is the arithmetic mean of all 

roughness (height) values computed by integrating the profile height relative to the mean 

profile height. Rt which is the maximum vertical distance between the highest peak and 

lowest trough, and Rz which is the mean peak amplitude minus the mean peak height. 

Values are given as a calibrated value in mm. Equipment should be standardized prior to 

each use by scanning metal standards of know values. Ra Value can be computed by the 

following equation: Ra= Standardize roughness; lm = the traverse (scan) length; and y '" the 

absolute value of the location of the profile relative to the mean profile height (x-axis). 

[0072] In other non-limiting aspects, the efficacy of the compositions of the present 

invention can be evaluated by using a skin analog, such as, for example, MELANODERM™. 

Mdanocytes, one of the cells in the skin analog, stain positively when exposed to L-­

dihydroxyphenyl alanine (L-DOPA), a precursor of melanin. The skin analog, 

MELANODERM™, can be treated with a variety of bases containing the compositions and 

whitening agents of the present invention or with the base alone as a control. Alternatively, 

an untreated sample of the skin analog can he used as a control. 

[0073] UV absorption of glyccryl/acid or glycol/acid compounds and compositions 

containing the same can be detem1ined by UV absorption assays that are generally known to 

those of ordinary skill in the ar.t. 

************** 
[0074] All of the compounds, compositions, and/or methods disclosed and claimed 

can be made and executed without undue experimentation in light of the present disclosure. 

\Vhile the compounds, compositions, and methods of this invention have been described in 

tem1s of certain embodiments, it will be apparent to those of skill in the art that variations 

may be applied to the compounds, compositions, and/or methods and in the steps or in the 
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sequence of steps of the method without departing from the concept, spirit and scope of the 

invention. More specificaBy, it v;;ill be apparent that certain agents which are both 

chemically and physiologically related may be substituted fbr the agents described herein 

while the same or similar results would he achieved. All such similar substitutes and 

rnodifications apparent to those skilled in the art are deemed to he within the spirit, scope and 

conc,~pt of the invention. 
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CLAii'\'IS 

1. A topical skin care composition comprising a glycery1 salicylate compound or a 

glycol salicylate compound. 

2. The composition of claim 1, wherein the composition comprises a glyceryl salicylate 

compound having the following structure: 

where 

R, ~' and R6 are each independently an H, a salicylic acid molecule, or an alkyl 

g,,oup, with the proviso that at least one of R, R4, and R6 is a salicylic acid 

molecule; and 

R1, R2, R3, R5, and R7 are each independently an Hor an alkyl group. 

3. The composition of claim 2, wherein Risa salicylic acid and~ and R6 are each an 

IL 

4. The composition of claim 2, wherein the compound has the following stmcture: 

5. The composition of claim 4, wherein the composition farther comprises a glyceryl di­

salicylate compound or a glyceryl tri--salicylate compound. 

6. The composition of claim 5, wherein the composition further comprises a giyceryl di­

salicylate compound and a glyceryl tri-salicylate compound. 

7. The composition of claim 2, wherein R6 is a salicylic acid and R and R4 are each an 

H. 
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8. The composition of claim 7, wherein the compound has the fi.)llowing strncture: 

9. The composition of claim 2, wherein Rand R0 are each a salicylic acid and~ is H. 

10. The composition of claim 9, wherein the composition further comprises a glyceryl di­

salicylate compound or a glyceryl tri-salicylate compound. 

11. The composition of claim 10, wherein the composition fi.1rther comprises a glyceryl 

di-salicylate compound and a glyceryl tri-salicylate compound. 

12. The composition of claim 9, wherein the compound has the fi.)llowing strncture: 

13. The composition of claim 12, wherein the composition fmther comprises a glyceryl 

mono-salicylate compound or a glyceryl tri--salicylate compound. 

14. The composition of claim 13, wherein the composition further comprises a glyceryl 

mono-salicylate compound and a glyceryl tri-salicy]ate compound. 

15. The composition of claim 2, wherein Rand R4 are each a salicylic acid and R6 is H. 

16. The composition of claim 15, wherein the compound has the following strncture: 
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17. The composition of claim 16, wherein the composition further comp1ises a glyceryl 

rnono-salicy1ate compound or a glyceryl tri-sa1icylate compound. 

18. The composition of claim 17, wherein the composition further comprises a glyceryl 

mono-salicylate compound and a glyceryl tri-sahcylate compound. 

19. The composition of claim 2, wherein R, Ri, and R6 are each salicylic acid. 

20. The composition of claim 19, wherein the compound has the following stmcture: 

21. The composition of claim 20, wherein the composition further comprises a glyceryl 

mono-salicylate compound or a glyceryl di-salicylate compound. 

22. The composition of claim 21, wherein the composition further comprises a glyceryl 

mono-salicylate compound and a glyceryl di-salicylate compound. 

23. The composition of claim 1, wherein the composition comprises a glycol salicylate 

compound selected from the group consisting of an ethylene glycol salicylate and a 

propylene glycol salicylate. 

24. The composition of claim 23, wherein the composition comprises an ethylene glycol 

salicylate compound selected from the group consisting of: 
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and 

25. The composition of claim 23, v.rherein the composition comprises a propylene glycol 

salicylate compound selected from the group consisting of: 

and 
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26. The composition of claim 1, wherein the composition comprises a glyceryl salicylate 

compound and a glycol salicylate compound. 

27. The composition of claim 1, wherein the composition is an emulsion, a cream, a 

lotion, or an ointment. 

28. The composition of claim l, wherein the composition is an anhydrous composition. 

29. The composition of claim 1, wherein the composition comp1ises from about 0.001 % 

to about 20%, by weight, of the compound. 

3[' V. 

31. 

The composition of claim 1, wherein the composition absorbs UV light 

A method of treating a skin condition comprising topically applying a composition of 

claim l to skin, wherein the topical application of the composition to skin treats the 

skin condition. 

32. The method of claim 31, wherein the skin condition is fine lines or wrinkles. 

33. The method of claim 31, wherein the skin condition is dry skin. 

34. A method of reducing the amount of moisture evaporated from skin complising 

topically applying a composition of claim 1 to skin, wherein topical application of the 

composition creates a film on the skin that reduces the amount of moisture evaporated 

from the skin. 

35. A method of protecting skin from UV light compnsmg topically applying the 

composition of claim l to skin, wherein the composition absorbs UV light. 

36. A method of protecting a composition from chemical or physical deterioration 

induced by UV light comprising adding to the composition an effective amount of a 
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glyceryl sahcylate molecule or a glycol salicylate molecule, wherein the glycery! 

salicylate or glycol salicylate molecule absorbs UV light. 
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:Ir3½-E- L-f:1 %0[ ~ lzH--i 'iiOG =lei ~~-o--J:~li ~-~ -::EFL ·q 

; f'.2:Rr-•t?i i- %£~1 
{:) :.-,~H-1 ,1;gv- =ti:, ·~~-~:,-~ ll E}-~ -::_:::·~c ·-s 

lotz% i.½lfftt'l %lY 'l-Yl-o[0 lb-f'~~:1 Ll~y_: 

LI ,&~[{c-

riir~ ·~·{.2-{~JY ·~·%fr ts. ft\-½-E- 1 ·=r~T-~: /~trRi; l0 CZ·~ rztrR1; ·~lY I l-Ykrb lto.,~2~lllt 

91 r~t:[\;'. 

~t-fi:t ~{2 -6 F-iltllB %~JL to [YH-i %0V :to ~o ~ ]L ~-§:- ::.EfL Io~-§:- ~: ~.ft.f.:L -§:- fy · kfO lto·&-E:L[~Y 

SI -w-i:: f~ 

· t~-1~"1 ~JL~?-t~S?-··::E l-=J %ElkGt"l i.~~f '~Yl-o[b lto.f2.E:ll~z 

111 -&~§;: 

~t-tii ·~-l-9-_,~-~cr· ~-CZtITzB [ct l~l Fztrl{f'i ·ft lo[z-~ F'zlITzf'i -~h- i-Yl-ol6 lb.,~Llk 

£I ·~t: ttc 

• ~:1 {t=l ~-=: t~ ~?~ 
[-( tYlk,~l- e~f~--i:: -2-(iT-~ftdtt ft l~~¾-~·2 P1)r{ij (T2-tfdi=tRO :t~f:~d8.RO :-til[zry·frh3RO ·-:=_1·[ol~1~fRO . fY 
-hl--Ff·o· 'TT~~-2-~-RQ" 'IP ·t'=T·I~) 1=r-,y ( fztIAP _.~ {-} '3 [o [ti.[ 0 l~'{if '[Q IJY-ll lo F'z-~ ~:~8.-B. ~--g- '1-Y ~) [6 Ito·&- [ L[~Y 
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.... 9 .... 

lo*lt, fz[,Rt:i (B-::f-t, '[.yfo{0 [bf,;-['tlfr 

6t i~~[{c-

··flG~:I: lLT~· G~i_-ttt ~{~.~~-:if *-1J-b~ th ij~-Jr-E- '*F~: '[i8Jd:1 -3:· l(\·~i~ltz: [t8.R-P1 {¥Y:i_- ' k:fS H<:-{t9t1 lk 

8t f~±:[\;'. 

. -~ f{0i:: [IE f{-i-.·h>'. -~{,;:,{:½ ft -~ 

*[!;. fz!rRf:'l g-~,r)c'. 2-ci'[L[i:t 2-ci-ry-FR If'itib llol~h t'.dnB> l :5 lo·illr: [i'.[iAf:\ ii-::f,L 'kl-o'(.';, llv-f,19t[fY 

Lv f2--L~ 

-~-~y:;E ll~ ~Yi:-tr ~-t-9-ts·~-:i {~-C(,+iI 

Bdi•J fo%f,,~ 09 {o [Y[t1 m, re, i:C, *lt1 [i:[iitt:'i ~-:;f-t, [0%f2,~ 09 {o l,,[11 Of; lo lo-]'\-~{T: '[.Ytvl0 lbt\/~:tlfr 

9v •~-t: ttc 

. % &'Y~ ]L_L_!.._ &'Y·i= Ht ~-~-i-2--ri J£' ~:J -15· 0~ l?dlr~~- ' k; Yb [t<>~~Z[tY 

gi, f~±:[\;'. 

· -;'\ f1 °£ [LE r,-/: j;: ;:t¼i~ tc= b:t -~ fl' l, f'li IE- 2 F:C f'li '-;'\ · lHHv-fli h f<.,(,':, llv-f,1EtlfY 

flfl f;,.-i:-:~ 

.%f~.-~ lLLl_- f'/·~~Kt ;=~·{¥{.g.]0" bJ 36tz~r;if} -ft E~·l2f} 'l-Yl-o[0 lb-f'~(]1lty_: 

}:t i~~[{c-

·:rr1~y:I: lLT~~- G~i.-ttt .;;H_-2-{~-J_( *-~xf~- ·F(·_1_·dn{o tt ~-:ay r~ii;;{t: '·1it-t-LO '-iilH l•:1·tf~:I: [Y{:S k t6 ll<•f,;, Ot:lt" 

z.v r~t:ttc 

· -§:-by-::;;: lt.-cc b,,-i:-ht ~:{-'?·f-2.J'.r -~-

%~· %9 {o [ztl-i %l =lei ~~-o--J:~l[ ~-f~t :-EFL ·p 

th :-tr~~: Cf1 %£T {:) :.-,~H-1 ,1;0T =ti:, ·~~-~:,-~l{ E~-~ :-_:::·~c .,_, 

'ft:i-~··2 [f1 %Ot: :lo !_z: lt1 %OZ {<:1 ·~i:;-~:,- ~\ lL [9:% :-;T~t=L · q 

' ts~ ~P- f.:i -&- %99 :lo li'.: [t1 :to 20 ·~ lL [z{;- -;?fl · E 

[of;-lf, [i'./rRf:'l {.,:-:r:,L '~'{~;{0 [bf,;,8~:[t, 

n r~t:ttc 

·-g-l~v::,f ]LIC ~v-t:-[1't ~-{~-t2-X -~-~Lfy If1 [Th-h}?:. '-7J-t} '~8.P.f.:i -1- [o-i·lh-- ~~8.Ftf.:i t2::=£-t:- · kfO ltof~-2S[~Y 

ov -w-i:: f~ 

· -~- f'/ :-E l L. 1_1..· f"· -t-_-hz ~t? {2. -:;.,= ~ 

-~-f-~ ft8.fI}1 [?t~0: ·t~--o~~/'.9:1} -~;-o·tY-}1 li\·l:1+1 lbl}-ly· i~Llnf-9- [6L :1-1 [oitlk f?:·8.8{~ -lQ~~:-~ 'l-Y[-o{~ lb-f'~8El~z~ 

6E {'i.~[{c-

-~~Y"°E ll~ ~yi-tr ~,l..9-{~-rr_- ~E~~C) 
l5G{>~} ts,mt~--.:_?. 09 =le lY-lti or to ~ ·f:Hl-L r1lu:1~:J i~:.E-J_-:· ts%4%~co 09 :lei l>dt1 ov to lo·~~y~;i: / l-Yk,rb lto.,~2lEllt 

st: r~t:ttc 

· -~-~'/:;f iL-~ ~v-t:-[11 ~-{-2--~.JS: ~ci -~-llt=lq Edl~-~~, · kfO lto·&-~z:[~Y 
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<4> {:i~ ~tB 0-1 ;-l _ _g_-~1- ~~-1.:! ~ 1q :l:~.:f} ti-'8-tj ~ ~~11 f¾·-~:· -7-S.:t} ~1 fill~ 7,ll 1l.9-.~- t-~j),l 71 ~-1.:11 ;1) r:+ ~-C1 ' ·0-i-q-~~1 

_:?-{1~J£fl 0~l-"-i. -E- ~i:TI_g. ~- 011 };L 0 ]~ ~7J 0 1Ll S-~~- ~·Al ?i.g.. !3r=?:f.1} \11'~:~ A1l-~Iii- -~"O}_il_ 0 1-~1-£: S_1~-l 

0 1°14. _:f:[:~ 11 ~~~1~ ~r:~]2-l s~~-C?-.E~-~-Ei 1JlJ~.s~:1I, ~{}4 ~~ 1J~} _1:_-.:.i1% 2¥.11-~l J{Zf l-'1,4 ~ 52:i49~ 
:-t}-4°11 -~1-8~ ~JAl.S~~ ~-~i9~ :;_~/'ci 11 .~! __ ?c_J.7 :~-~12.~]_1:}. ~/\-ll lftct} 71--{(,Jj ~q5H 789~-fl P}~ t:f·~1L ---?·s~~ ''71 

?n~ ~zr ~ 3f?j_S-}r.l-1~1 AlZ~· ~ 1iZl ~~::%~il°1l Sjc>t·0~ c;?J~(l?}·~~l- ".:~{§, A{¥-3l _2_.,~- 'fr--t&"t'}2~ ~ .:?-s.:·:S~ ( ?l 
·01- ~ 1f1~!) ~f·Y:j 110 lt.-+ _¥.:t21cz1 •::l:~.: 1

: 0 11 .,1ro-i-~- .All¥- ~-:-:~~- /{J'=~·Ol-71 -?~·(5}(tl ·Ol-71 -§-c~ ~C•l A}¾Xls:lr:+-
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-~i=-"11-1- 7Q ~ 0 "! 

:?}~·(Crusty) 

-'f-¥-(Puffy) 

'l;'lo1 :z] 7 l ~cl& 
(Splintery) 

t;-J-~ 0 ] 9J·C(Spr j ngy) 

¥i-f(Tbio) 

IL]-7},i?:<Tingly) 

1-1 -e([ioi form) 

~- 1)-,2:-(WateryJ 

7].JL 5}t:}. Bl---0_ -~-;s-4 -{~~-' ~~J-Aj <5J_£_' ;-g~.-~ -~11' ·~·),il ~. (_E.·:~·J.il -~~ A~-t--f- iii: }~l-~9~ -~-:-~-~} ± :~ -~--:~ -s-
\~.~~ -;<! il-t=:- ~~~= 0 -1 ~}r+. t:~~f. i:.-'.:-~ Aj.:~9~ .2. 1=g-.8_- ~,::-, \~/,11 '.~ /2~9~ -~-Ail~] 9,Jo7,1;i --~11 ri 0 i~t:}. ~jcz:! 

,,,.,l~} 5~-§-1% 4i:_:~1-◊-~71 -?1t-}0=i :71\~~~ ~~ -1:,-11~-~~--~- {=l 15JJ7}~1l :<j~Y=i~. -~{c~9~ ~-~~q ;2~~i%. ~-:~ilt}T:"r{! Af: 
{J ~1' 3:1-~--~- ~i-t=l1J tl ·?:7--C· 9,l :~t61l -Il~ 5J 4f·j~ -~} ~--zl o·r--:zl i:1; 0 l 3:1 _g_ ~-- ~1' 1d ~1+ 1~~ u~ s1 ~~ ~ 1J 
~J 2=.:8 IE-C· ~:li·s?-l AJ-jt3f-%61l :tl~!r~ 4~-/2.g~ ~-~r+, '-l:·'-l:·/ ~~~- -3:1~1} :tl~5,:~ 0 1r~r~i. 7t}Z{3:l c;!J~(lt· -·~--7rr 

( £ l rm)' l~Jl~J~}(hard)' .l=r,~-;_ 27 'i_-( soft,); ;&_ ~~l (tough)' ~~}(tender)' Q161 Al Bl~f_':"( chewy). tl)2i O l 9,,{ -t=:­

(rubbery), -tl ~ :0,~( elastic), ~:-:A~: 9~ (plastic), {:~·~ 71 ~l ~(sticky), :i~ ::q-~~ 9-1 (adhesive), .,E-~ "t~-~ ~}-

-~---~}(lumpy)) iif.g.71-fi~l(mealy). 77.-:~}<coarse). iiII.2i'ft~(grittyJ .::_l. ,{;11 t{"iYH.5~, -=-i-1.22.011 rl-rI=~~l ¾o-J~ .:l 
S:.. iL:_S::Sl ~ E~l ~ 13]i ~. ~l ll cH 1-1-{-:iB_~S..:8 (flaky), A2 -~-::~ 2j (fibrous), ~ ~~o 1 1,Jf-( st. r ~ ngy), IY--2i-~ 9-l 

P} 7 -lgf_~_s_, -"-?·J::')11 :~J-ifA-~l --§- 0 7-t=- 1J~J -~--~J(mout.h feel). r~o-l~l(body), :{j_?t-:-~}(dry) ~~-~}(moist), 3jl~:­

(wet). %{t-2-·(watery). :~1J:Q--8--(waxy), ~?~i~}(slimy), ?,-"Q--2-(rnushy) ~t~{}. ±1}0} 0~ ~-J~l- .=:·zJ_q -~-{~c)1l tt 
T_;:~-~ Y~- ~{4. 
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'Ji ;,-,H~ p,, ~Y-{~-ltr. -iy1 to~~ f;:' {-?. ~2 Io · +:iHz-ft_ fr -~-o-~;~ ;=~ 'to -:1-1 ~~ f~--§--ly lo f&.{t- ~~- ~y -~+-1 ~~iL'i"' lb /7: kr.+:i <~z> 

·-t:-1{b ·:s:~- ~i·~-~~ t-Y~O-~-~,: to•ft'lo -b{~- to-i-!tr: ~M.P.f.:i {2~~-t:-

lo·~?-< fztIAP f:5:~y~ 2r½t~P ~~~ ~()i ft[-;::=£ E1lz.f-ii --~--~ '[L-~ f:5·l'2·~ 20~:2l~llL 'l[~ -8:ll ·~oi ·nz 
{-2-~ ·~-~E ~~f:i llE 't~:1ri ·1:1.tb 3"0.- f'S'%{Y loidrRi:'l -F1 ~l:i~I-Y ~·rlt<>~ ~5P,··1-1_:· ~~-c-R~~ln ~ F-2-~-~~2 
T~1*0 't2[3lFt_ff_o' 'ti~fi1i[p·fs._··o- 'H~lk:-:~11t'2-·~~-f~c··s '-:=t-lot:1:-·-1=1r-1~L-s '[Y·rt·1~t··o· t2·~·2·-E--Ff-s ;l~~.½-itfc··s "b·~~llv 
[6{1_✓.;? • -t:1 lo El kfl fi -f~:-{-}· --isl_[~: dP.-f:1 :it'll-~:·~~- . P( l~o ~'lf~, 1~9--l:- t,5l~: rt · tJ. tS 3 ~ T~:-&·{y lo [7 8.F1-t:J % l~~: ~f ~ b~~ 
l-Y ~·( ll~{1_~ t5 :7Y1,1.:· ·~:;-~-11?--i~ [',5~f lo tf ~ 8.F1-P1 iX~~- · 3 lo lt~L lo l~z{h : {O Lh:{t: ' [0·~ ~Uc · -b ffi-tz [r -~~-~:;- ~ ~[¢, 

-!-1 ~J;' i1-§--l y .s-5 "[? tti ft !~\ tfr: -~- [~i ·tk -~i:;-~r tz>- %:?~- lt-1 11 l~1 ' .. 2 -fo ~{:i l-Y ti~-~)- .r; [z: 1~1 ~o 'R=t l-Y iJ0 t6 ~1 to ~l ff:L _-{~{- : i--~ 

lz:i? I~~ ~:11-§--ly ·~i:;-~)- ~? ~ r~ lo%.:k f~:' ;,-0Hs.-f~ Ji -8-f?: M.~□-R] tJl12-~6- l-:l·)1·~~ f:HY · +-1{6 -:!;:o i~ ~ lk -15-%·lk ~kF1 r"l ·lt 
-=E-t:- -iJj'\~\: [i;e[-1, lf'.-(<;>_-g,h 1Yllo-lh'-r::E (2-[ITtµ k,[\.<f;--[y [lo&-& ~-f0 g::fk i'b -'c;-~:-;,;t-~,,- 1,{z -f,',H-w {;-/2-[:it:S <Vi:> 

[2:-ft --l;l-&-f2'.[[tp (E:) <tZ:> 

·-t:1~~ %~~ ~ 2:lf -§-ty ~ t-z::x:: t--ofl~y~-:: 1_;:~0-~-lo 

·~:;l{T_T_- -~-% %0C,1 -~~-~))~·{F1[0 -=;}-~-f,-:-;:: f~:ftrt+:l t-ofn-ffi -i- "[t,)➔ tlu ltt: ¾J_d·~~ Elkflrl F:S~hf~ -2·-c;·~ f;;}, ·2··c5· 

lY-fli f-?·{y-~L {ojLI~~- %-§_- lo%iJ2: f?ltt=t?t it~:\-~ ·1:1lo¾¾-f~) [sf?.% f?:RP.-E\ 1~..-l-otst2tf ·~~-~)-f;(-& ~-ft E~~lit]L 

[-'?-H~ lb(P)[ lLi-9 :2-?r[f-r f?B.e-F"c {2-=E~ '[Ylkolt1c['?['9i:c r-slii' . --t:1j~1irt JJ% lk .f? lit=t~~J. ~ ~-l-- ;,-~i/?--fi :ii ~-

-H- ~ (2:lt8.B Rt ft fz ~O ~)~ ~: }V •i2•iL 'lof} +s·{l=I Edit jl l-2-lh'·ft' .!.0-l:1 [k,(;~) I ]L {9- '.:.~f~-b<'~ (2: l~B to fh-IT=t if <7.:.Z> 

-lli:Y ~kP--Bi ~*-t:- m <1z> 

• t~L l O ~ ~.{Q_.~:f.,~ 

%}kll!i ~8.F1-P1 -[¥~~1,1.:· Di ri1~~ ffi ll>* ~:1ri ~tlo ·tiL [r¾ ~~ ¾Jtt=~ kr1.+~ Bd~fi ~: ·2··c5·~ [7 [~} ~f-~ f(::k [} ~G 

fi ·-2-o~Y-•11HJ- ·+-1loif i1{irt J:Z:-%lk ~lttif} .~-~-i:_- ~~ ]L1~· %~~} --=-=;-tz ~--{ff-~ ~kF1P tJ~d?z ·~~-~)-PL~~ -◊-

% ~Y ~ ft 8.P- +:i · -~-o- ~Y- ~ IT: · +i {~- -& !}~: .:g- ~'- -flt ·;c:: l~r· to% f,/ -~ to 1Lc: 1Lc: ·tl fr ~Y:;: ft RP- +:i FJ ~ t; -:!;:o {i ·i~ ~.1 {ft ·ii <oz> 

·1:1-I2-{2.:£ -~-:¥.:-ltr: rtfh"tf~ {§:-E-t_-_- -~.t -~ 
{}-f-~ [t8.R·P1 ffi ~ fY- ·2··c5·~ ~ f} ~~l_# :~Y~: l,.::-r_r_- f.-i:-~r. · -t:1{}-H-ltz %-~-tY~i:: lL1~- fV·l_- tlz ~(} ~1)~? -f}{:1 b5' l~-i~- ·I{ <TI> 

"{:i~~-?-~rt JJ~: ;=1i~f,/ff;. 50"%lk "f?ttifl 
{rfy ~::z:i: --=-=;{7- ~--~6-f-~ ~trF1P tJRt?z ·~~-~)-82 ~~ ro-t~¾-r~) ~8-=~ irl~t:1!·~ lo+:i [l9is. P-~ ~-t~ t; -~_r1--J- --o-~ 
-0-[t-~ ~: 8.fl . .f.:i -f§:· tY ~O~Y:.f~ Th -~~-!'-[!~1.fci +-1-V?-&lt,: ·~- ~i-fi:t :;fl~>- ts-~-~,/~ jl E ~Y-t::'[l~ -~~-!'-~?~- lt:··lL-@- [6 ?u{A -if 

{o1f fo~.i--ift <l 

(iCpoq 
( ,\.1p)i1--==E~ q1~N, 1\l{SflUJ)-~+it~- -~YlbYB: 

( -is)OWH~~~ ,\lfJEd.IJ )_-J--f?_ f~ E fi:7' -I_OlC 

(J\1S8d)-~~f.{t -~-

( 
1\{SflJJ);=1[b lo~t2 -t}lL:k .5,'.cl r rn1) [6 f?_ ~+~: 

( STTJJC) l J) ro ['?-kb} snou; p:' l JJJ) r'5 f;o:-jT'"-[ 9 r;~, 81t It. 81 ~ r.? :::r·tr :-£ L1-= 

( 8S.lBo:J)f~k ( q {OOUIS )-€ l1~ TI R~ "E-l- r" 2 11:,'. 

,is1; [d) to ~y-y-

( &,;:;q) ).:;~ fJ IL 1-2- f},,-0 ( 1\;;oo.c1)~-=~¾l~% 

( !!U ! frii-2~ ( _/~)IJ~4SJ~t2tt~~-a-- % k [Q· -i-X tlz P{ tl•:1{~. t~ ·~\ ~ -Jl ~ % 
&-~ {g:",\:-r &~ i~::E,L [P. 

TI }f 
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( ,~q BJ I { ! J ~) tT=l l o-G2: _jilt-1 
[i',-_.;,:- ±ft:t 
i~l, J, H1 
l,:1 ll: -~lt:1 
~~ ±ft:t 
b~ -f~C J, H1 

{~:J~ -H_:1 
~~~~-6'- "', H1 

f\ _Jdr1 
·ftllL-{+ -c'-,lt1 

Ji, ck H1 
¾:?Y Gl~~: -ff [-is [~ kc f:', T [ft 

·~-~~ ·tt Pot":i f:l <Et> 

~ $ -~ }t" 

·-t:i.lt\f=L{l -~.f}~ {9.fo{:1 "E{~~~--fS,, ltc)III )I -~l(l) -F?-It:~f~ t,:;t£-l§- -B-{2.--t£Kr-tf:l t:~it,;~f:l l-=t*i~~~rti -~.t:2 <'(:(> 

·-t~Ln; =i~ 

-f~-f-~:;: ~--~·GY to-{?✓.• IC -b{.2. ~-=~ t:1k3 ~~( l-Ylto£ B· f(-2=- ·ii:;%{~~ [6~ l O jl -~· f-~ lo r;,, 'r~ -~··2 '~~L_{=c- '~Jr lY JJ "[?% 

:frtfJ 'h1 ltott:1f?!~-7_!: to-tz-tz ii·&- ·+.1-i~-1i10" sg-rol~r· l-o1¾ ~-l~ '-~-i_t.: fL:1-~·-2 ¢ 7¢ 7 ·~- -:,J%~~i__?-{ JJ-{~-~krtfl tti{t-
:~-:~·-6· -@.fi~Y- ·-t:-1{~-{2.JS: -rc+.:1F:s:?r1~> l~l~Y-R· h·lt0{2.[o ·~~z~z) -~--ti~~ rc~lo ?ft -i--lL-& '-~~-:?~ ts:~.P-.f-2 ·it 
'-~-r2:-P ~ 8.P.-1) -~-lt:1 -~~-;'"(:,ts~¾ ~trrif:i ·~ i!) -~ ~-- -~L-fg--f2:·~A-B. H2-~L -:b_-ltJ {~- ~_: ~Y: '+.:1-1}.½'- ~-E ·f-(~-2dL-¢:: ro ~3.·li 

~~-o-usuI I 1 Hl BJPT fu1t. t2--5f,_{r1 ~-tz-tz t•5-}t:do) Clt.:-it) (U8 111 [~) re~rUJi P?l )I0i½2 16. -tdo{~i ·(u~qn1D 

.rs~s aq1 JO lU<l:J)ff~½-2 i=t:.-~7 t==L t=c-s [R: ~tl!c t:s-I~½-2- tt. i~-2i.·{L:t7tt 2--;-5-~19r--;~ ~rs :=::-:t:- ~%{Y l-Y 

l~ol~li~ -~ "{-:1{~{~l1~ %-~--P-~~ t-f-~lc, th -~-{£~1 '[r3-i~-£ -rrj. -=;f~t¾~r ~f-t~2--t2'~G-Pt ~?~'; ~l -[iTt~ ·-t1r~lt2-t?1 

l~:l-k-~~-t-H·1 ~a-~~¾f-.· '~Y[l<::t[:lfoT~-l-- r?U2E6 i~l{-::1 ·t:1C5-t2~?i f:1.-~;·i~:kb~ ~ ~yj -=;3<t¾F.- 'P([l,::itbt=t0oT~i-- t-ot1{.2. <If> 

· i;i f-?.-fi ~ -8-%.f-~-? to% lo ~~ ~c R · l'.f1 -.lf · ~c 
l-t-- 'fEt 'lLfu 't?rir ·+-•{Z 't-} '{I-o-b1{3. '{Y.{i ':;·?f~{L-i{t.) '{~~ '-¢::-¢- lLt2·lL=ltl~- {2~·{.f :~-bB· ':!:<~·-6- '-§;-l½-
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'(:c;ik•u,;,{:1 '}hl[,t;1 [t: 'fl[fyc;.-~[:1{1 'ip:,) si:,1'L{2:f- (fo-'B-k½ ·f-;.-tn:= 'Pi[fi~i\[b 'le)) -iH2-;;' 'C~iloib1 fz:-E-T1 

J1 {,t ~s-:1z b, [lo :~ [~i b'-ft ' ( '.JJ~'.ffii [,;, lb1 f,:: [t: [tl {,C;'i-v[T[ Ile '(::YJll) [,t [f1°,C5 Yz b, [lo '3 lo [['.'{7 [1 l[0t{l[I£ l[c, 'f:df; {f [1£ 

[lo 'T1[tL {{ '[iQ) 3 [oc';j'1 {;t-f'c- '[y~[lli '-?. !,:~~- 'i-ic;c" C?-t,[1,~-1k · (Yla3) [y:3~[if{,;,{;t :ii[~: L~{,, t-: [~~ ~' llo ¾It 

& llo · :::ilolfi1"-' &llo · f,\~ Ji'= 1% ii'"' [2 3 -v· ;;:' z--;:c;-,"- _(c iJ-Z' T-[y~ llo-9 · ~1i:;: ll0 t"1.ll~-r 0;; llo '# 3-b\v Is1-f,--c5:[2 

llo '{y I/1i'c<3 l2 llo '-fvCz:f;i[il, '[v3ll-l l[, '3[ 0 ltc 0:'.7: \71f-1-''i ':~li1' ~ h-~J8 1-r:HJ' z: • 3 IO !flQ [LC21£ 1-:io ['1 j;,-[oir1 

-:;; r-1 '~it o ll_t--s tE2~1y· r-1-s r.~ r~~ -b-·t2 t.1 , (ar1rra) Tu-lq r_1[~ pi t~~--cL PtltE r_1-- ! rr( l'I , tv-=ETih [y-§-·:.=_11¥ t.1 --i:, E · iY ~Jl(_1-t~2: 
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-- 8G --

1\ lo %f~-.&- 9L =to 'E{~-l3f:rt- 1\ lo %f~-.&- 91 {o %Hd~ ~-"d~-t:?.·n -~r~H.:.1~.J ~tmt.i lc1lot-L lc:)-{?-lo z; =lo ih b 
{t ~ ~-B- t;5 l Or~ to·7.9,,, l O illJ E =to 1 

-~ fy [z ~ {:I b5 lo I-Z bs-fy l c U::) V {o l o-~-f,,:-l: 1£ Kr-L?-l tc;{'y l O %f~-t- 9L =to l-Y 

l~ol{~o •7_~-{¥1{2.:-i:: {O~fio f}:lf-E* %-~-f,.::.E [}f:r._f':L -fl:- ~:1~~ iii ~-l-~- ~lti{-~-ts:+1{~- '-~:~Y~:=: fikGii '-"2i'··fkll!L H~i_o <t"f1> 

'{:iif-ff~i [o~'L ;,·;-t~ ~--:1-1-~: fi~ fo-R,[o ttkr:· OO'VL {o 1_0%1~~ 

~~f;tf:i [o-~·lo %tr~-% 9L =b L~1~+}-f~ -F<lo ]1:r11% ~JI JJ1Lc:~ i} ~-=~i-2--{~X ~-b~l-o:}J ~kftfl f~·¾l-;;> fo[oT?: to-&, 
lo w:1 Z: {o if, h[i t,"iiAP ~y-;';-[y ~clofz [c-f2,[o m::J t: lo {Hi; ~l,~-B- f;,-J'lty [0100° [o{?,[,, w:, v io [o-1Hv 

T r½ttttP t6f<lo %f~~1 ~j!., {o · t(.1 {2.t5 iL{?.1--&i~l- -t--~S{Z {;-lY-~ t6~'-i-: tt:1_,~·ff5 lq%ltz (l~ ~~---r!:-tlt E1~v~ .f.:i.fb <Ef1> 

·1-:1.rb :~ -~·-fC1 -~lYl'{~~ ~yfr:{O fLt'i ~t.)Jlg_[,;~:-i:: hltcltt,;~:-i:: ·~~ 

-2-:'ill'.1 *[.Ci": ~Y;':Hr: i>'k/'\ ~cit,' lio-t~i'c f,koklR Hlii~ Mis *r;:t',',: ~i:-;::;-~ll['.1 '-b\i\ci-6'· 2litf'i r,1 ~1::' ;i]:i 

-~l·2·-~l-ll2 t2-w~ t} ~~--2-lJli ~,~ tt.· ltt"1 %t~ bs- tot;~,-~)- -~-fy ln llo{Q% r~ lt r? lo{y J~--0- [h ~-ll!f a~~>~ [k>{O% lfi 
.~:i t2* ~-=~·:r:1· 3-Y::=;·3·112: 'i~_;~~l-z-JJ- ~?:_11---5 roa LL i_Llt1 -8- f-}~ Y ~i- l.Y I to I~ -E-J l O -:~ Fl · t.1 {6 -~_c; -=!;:o {~ -?r fft 
I~'i?-R:"E !toe~*-~- ·~i:;-~;;·ty-1}1 roP2-f~·-=i l:c•i~-§-1v ~-{;(.W -~;tT~ rof~:-f·-:~ -8-%-lk [L"i!:.· f)··t:.-Hz: !?d2Y[Fi ~-=~:1] t2:;f <(Tl> 

·+:1{$ :~· -Th~2~ 323lt~ -6%lk jl~ ?Y~rlz H~-tt- jl[tGjyJt·{Y :s-t2lo-~tyln ~br1 

1-o -~ n) :S" :::>· .J~ rlz T '~~ {l ~ . -r-1 rb ·~~;, -W & TE ~~ -~· f31-r:· ts~- -1& -~·-r-1 ·b bcl6 3 :t✓ w. -~- -~ lt t=i:'. ::-;:-if7.lH llo-:~c ·~ 
':E i::2- r~'± -~-i-~r: [[TI: fy}:hz: '{}-,ii b(6 ,), f",-2-{1 t,ki", hlio*S ½lll llo[~ l-t:1 B: t§ I~-{L ~'["'[,; lto{r [p, 

·~r ~o--llt£ 1t:1.~- fY-l.-tlt '-b.n; ~ i~Ka-~S -2.··r.s·cl~-&-{1c 't~) {~'t'.,= ¾-ti T~"lfb1 %RL ·r~~ %-M:ltz:' , ~Yl-olo · -btb 
=-11~ .. ~r~~¾ %·~:Ff ts-ilk -~~~~i-~ ~~+1 ~-=i1. ko-§- -~--li~f~ 'll{)J_- G~f~ r~1(t2:-f l8 ~·::is r,~-:.E '-.:2p: ':x:p: 
~Jr-i1 ·p_ ~:p~) %-l~~( lLL~ ~ti:-l1t '~o{-2-lcT IL"fh -~·~lfy:fz i~-0~- ltoT~-:~- IL~ ;=1·:i_Ij t=ztt {~-f£ ·-~-0-~i:TOkJ <lfl> 

· +1.:" -~>~~> 1 ,.:-;<::-:-c ( :>'1 '5-'1--_' __ ·-~-'-'- 'r.?,.. QJ-' l[~ 1:§'.tt 

~-h5· -·J-8--8-- -:~~';lt=tl.Y %h, ~;:E p}~nfli· ·:_;:-J~:3Y'Hir lo-i-lJY '[K)-b-f} -~~li'.:tti:- +-1 k[lt~ [lf.{2-•i~ 20~'.t'.~("Z, ltoF:i 
lP,-v lo·ftll~ t.1r& 3::b~ -W{~--:&- ~-~* ·:%·{Y: hlto-~-;:- l~i-_:t:~\ fi::-~7-~-~- k>-~- ·~lP:· 'l,".'% to~~% i~f'.2:~5-- ~Yl-o[o 'E 

l.flY-~if?-t·-I:::·~.v: l-YltoI~0i ::'S~&1 t<,1~1' -~lr~ ·15-(l-~;-zlP, .~:11 ri~~ ':-EfL: 
1 :-Eb~: :r~fir 'fL :-i?fL) 1~··{l ts{[{- t•5·i·[~Y: 

ltT:~· G~·l.-tlz ·t.1[6 3~ %-t~i\- ·2-lb~:{1~ -c ¾(r,~~lR ~::s t,?-:;:= ":-i::·~ ':-f-~f ¾-k- 'f;~ ~:p) -&ltz:- l,:::1_1_· f,l-L-:Hl'. <QtI> 

·+:ifb :1-1~~ -f~f9~ ~·f-§~Y{Y 1:oi~ro [b::i-t§f~-~lY r~:~!t.r~Jy ;=1--{~·-8··{Y J5%-f.~-~ fo~lo 
~~ -2-tI -t:11:r~J ·i:·;=1;·~~~- '{Y~-k~ '.[Y-i=~·3j-,. ·1::1~~fy~l ~·!tlf:L ttgro i.k>-[Lt~~ to%:f~)Ha {Y~-k~ ·-r.111lY~-{ft JJ"if 
k !rec: (iv~o½'lt± ~2:·s ,lo l'd{1 en, i'o mvi lo-ilf:{ Ja: ·-l:.1[6 -:·,,~ !~ ~' f-·tdlz: le,:,: ~Yi=-H' f}=E <6Z:> 

t.1r6 
:'i,~ ~tr,?~ {, k{$f', nc t, k ln k ltq"il ·f·:¥dlz'. [!II: fy}:HY fcs· l:1 -:E t~:r'i''¾ · 1~.1:,:,.1:S'E -'5-(2£ ti'i [;"",',: ~ -~ /i'l. to 
i' '[L.g 'fHk .:::;.i1.1t llt:-lcS'·B: .:::;.-:E ·bkkl:'i:ft::-Fr ~ln: ·tJ\Jl,%~1 ~c:~1-f-: B·b'"E ;iii Hc1{~ t;:,'f -i'r-h H'• 
-[\ [2;f ltt ~ -:1:;: +1 k {-2- t~ ~-: +--~- H~ t,~ lt i-~-t2~r{u ltc{): lY ts·i· lo ; t-L tt:{¥ [2 :-f %·~kll!t itT_r_- f.,i:· ~r. T5 fY~~- -{:J F6 <xz1> 

. +.1 {6 -~s_-~; it~{' I¼ ~· t~ !_y~-=: ~Q ~ t06· H~' Ito·& ii ~y{c-~-1 Fl ~-=~31 i~Y-lc ·i -8-

% lti~ ll'~ ?y·rrll ·-t:1r~ -~s:~- .fu~y~ 2ots.:-;; [l~ -1--id~z' Jt-cc ~<t:l1r ·t-1.ti :~- .fu~yf_g. 2H:1m- lt~-R:t(o -§-

-r~i~f 20~:2~/.7; ·~1.i t~ttE '~~-~ 'Ejo[t3.Y' '.{z* [..?: ~l~LiL ·~:Ii' ~o~ ~-%l~r- jl~ ?y·i=-H% 71-~:.g [~k:R) <LZ1> 

' {:i. (b 3 0--- TTl. {( [}. ·f}-~-·~~ f1 {Y ~ [~u {2. {i!. ft{Y 

Io /i'l. i'i" 'hllolsfoF>i- l,>l::~ 'biH~ -~~~B tH~ lli RiF[o ·-~:~{,{:SiJ'i:, 'll:z[uf2. 'fctl, -~% 'hfdo 
·ti·[i~:i~ %·fl-$·t[1 b~{liHn ~t:~ {lt2l0~~ iiJ-~~}ii· 'rc.-{2-{i::ti %-~- tt lL1~~ ·fl% ·tJ•{i}{lt5;: ~ltz:-8,v{i ijn ~~ 

+6 lo•P1I~ ~ -ti~ "-b-i-~-t2¾ T!.·i_;;lv~:-sl~ ~-g-f~ lo{~+:tTf T~:lt:lY{i~ ·2--?} l-Yr2l %-~·fY~f [t8.R-P1 ·{:L{_g.~{6 

-8-~~-?£: -~~ %·[k -~i.~f$: {.~.{y-~· -ri~~:;± h~ %1}2·_- ~-=l-lB·frlo .:g-,t·ct % il Jtl~ ¾-:~· '%-[tY /'.9:kFiFJ -l?i:.i:=:-2: 'tin i~-f~rt 
~J -8--i~h~ r? {~ i_o --r-l_;~~ ;,·;-[s frA ·~)•' ~y lto·l }J ?r-2:- ~? %-f.~-T [()~ l 9 ~-=~·:1s- 'i}2: [n:~ 'lt:t-2:--~? 'ltt'{¥'-[Y-fa_ '!}2·_--~: ~- lk 

~v-r5;- '(-1 -~ilo l~v-~2r--r:1l~n {v ~ '{<~·~~ -b .;~. Io 2 l1I '-~-3 +-1-fy}, (~~ ~~ ~) ~,,-[Y [o ( ~ 3·.h-lz tt : -ft:t [Y- -~--:%.- (2: 

~~-D {Sf~ lo~-~·/{.? f2:trttt:1 ·t::1fO -~s~:>- W±·lL 20%ltz -~ ~t--tz -~{Z ~tt:1?$. -W-fo+:1 -8--§:-~y~ [L-~ ~Yi:-Hi <9Z:1> 

~lll:: -~b?- <~z:i> 

·-t:L{i{Q.-:;,,: %t=,~1-t=1 rh JJ~t✓ -R{'{ "-;-_r_~{t.l~2:·s ·r,?-~-tfi "(J~JdIUHJJ-f4'L} '-~~-J-- 't1-t~·t~·{n '~~·i:--bi-At 
· f£tfy , t2 Jy · PJ t✓: • ~-=?L~ · Jb -=!;:oT.c · tEJt , -M-~~~t~ , r0 rc l-2 Tut , tti_tt · r0 ~llt 'f%- ;.,·;-R ~- ~-=~ Y6 :1i~ tiit:~i 
·+.1{52-{~'i\ iJ-({Ytu~-~~b=~-tE~) V1V ifl (-F(~:1-{·{:1"[Jdvl~[oll~:i) Vc.[1 '(VHCI).[Y-~J-:~-lto{Yll~{vl~-:1-1 ·iff~-}1 t~ E-it..l~uQ f}f$: 

~:2 ·+:1-W.-f-?_~- -!rrb to-i-.?~ i'ii [{: ·;;~ll:ir:•ir.t ·;;s-.y} '-~·rs-tt '--~ln·½i"t ~-lKi to}tll~1-!n -2:-t~ -~s-⇒~ ~·i[f,t: ·-t:-1-@. 
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ll-=i{G) ·s·J·o·v ~Y{::h-l=~ *~ tsEi-~- ·t:1T~[;:JL1_ %:ft) tt·¾~ 1Q--~- [~:·fl -t~lou{2{t *~H [-o-§- EY1}-lY f([~o[lto <t·S-1> 

·1::1lo% [ft R~;; 
~~- ~-t-f-8 [or~:·~ -t5-g, 1}., ~-=~t~}}-f~ l-Ylb-tf-2 ~:1-K].1; .~1-iin~ '{:if);fc{L ~-~~-=7loll~ ].LT!_" Fh~~t¥ 1~1-ilf·~-~H -r~l if, 
lz Its '~ ~.)i$-8-i'f -~-l~·& ~~·{L-8-lo ~o ~~>iV-i- ·if :Jl~Crn) ll ~ E~ tL ltr: ~!IP ~O~Y: I~ iL I• ~y-8- E~-P:iJly 1-Yl~ ll ~ <E~ :> 

·+-1·1~·~-'~ [lv? [toiYft ·%r~]z lofz:·~ f:i~ +.1lobr•.f~ 
-~~d:S:{~l?:-~ Jl[~~l~t l-n: f:l.It: lo·1'-ll-:~ ~~B- -~·tv {J:-:E-l_- ESkv~l~t {7t{~~-t? ~:.tz:-r· ·E?u k1% f5%{Y ~-rltoi,,:'l:() <z:s;1> 

-b\~t\-'.)? 
f-=f~1 fo(~~-) -{)_:l·/ {~-fft¥s ti~h~~ [LlllY·[:~i~~ JJ%fl·=f f?:8.~qf!J to=f~) f?dz:-g .. :~-,1,!t~lY t9~1. l-o-§- 'f~;-§-·{Y h'lbl.Ll~,:i <l~l> 

·-t:-1lo11!i),-i·.J?~---~-H ito-~-ltn iL-f8 l'cl~-~-.f-2- -6-!Th-i-.£?~ to~3--tL'~rc1~L ~::& Eb~- . t~t:t-· 
1

D=t "D~"3lo ·-t:1f~kJ~·id l~·1h-EO-~I~ Ktlf.. ·if:7/tE·{:l If1 ·-~7:~--\s- '[ct--◊~-~[-} ~i-i•E~ -l- 20~yfz[~:J< ~-:h !Th-h 
-E- k "{:1I.~t,;~Jl1 ·*·illL =lr[.;: i~=fo{J. ~-tl {iT.-~~-b{: {~-2:~'lrr{:i [5~1fl ~u~-~t} frJ½-2'--·r:½:"1o kr§- H1%{Y b·ltolL~o <os-1> 

·{:LTi[,?Jlf_ %t=$¾ [}[rtt"l b·~Yltc)~t b~-~~l[0 'it 
{! #,~ ~{Z %[} r. ~:% Lb ~~i~-l,1_:: bs·-g-½t t;l-i{•~· ~;:t'fff[tkR-F1 rof-~d1 ~;;~ ~}i,il~-~·£-1, ~.:;-§- g--§--ly ~Yl~<)lL.to <'61J1,> 

·1::1;1.';'c', lz:l£[2-\L -'cH, 
~ ~7-~-t:" rc-H-W ~lff{-B Ed~~~ ~0~7-~~tY ·~-l~W~ir- ~%l~)'_ f?:t[A-B -~-tY (.~ri [zi~~-~2i- -~·-hl--(=L ~~;fo~ to{t 
fy -~~~.a +s-lf?Y. ~kn ·SH:i ~-,:-~Lg.ll k:-§- 1 lYlblYt~Y~ -if ·t-1I}~2:{t -6--i-!tr: lztIAP -~t~r- ~--~~ -~·!LE to-~ UJ:) 

z·o l>dti lot~ UlJ V :t~H:i lto~i- ·1~f~-::t~ ~-t?Jly fy:~f?:-5 B~ Fi~~-i\·· lKJG l(l)l·{ty -~1o·½-?ii, kr& f5%{Y ~-rltoi,,:'l:() <8171> 

· -tJ-tb -::1 ~ E~) fl ~-e~ t o·:lt· ltt f'.2: 8-r. fj ·# b? ~{-2-{~ ·rr ¾~~-f-~ It ~J:d?1 ft 
f~rL -:_~·-6t,2[}°f~, h-ll~itl:tfof~i-- -~·F0 'ty[bJ~{i}Yl~- A ·tJ.l}t~{l %-ilk ·-~-R) .::_a·11#·~-{~)H l-o-§- T:i-$"--lY ~fll<,)iLl-o <Ll·1> 

·+-1If-t2{L J:J-%-ti~ to[t2lfe tohr=to to·{Vlo -bi:2- -"::·=;-:Ti [t2/fe toltr~.o 0+~ -"::·=;u[t{t,::i F~t[LY-~\. ~z;-§- E~~-§-{v h'lbl.Ll~,:i <Ytl> 

. ~-(~, 

-rt 2[ft?.c tl2-;?, -~l>q'{· klt,~,1 -::t[i'[Yy{z ~[IE: I'Jt"r;'-/"i- ~[t'.1:1: ~J-/,-2-~111 '~[IE -~ti k)tJ, b1 ~ hlHrn 

-btilbkJ-~- l~~w tJ11b~·1'~ -~·~~~;-lo[kc lt~ rs~:~[§ ~i.*-~-kr-lY -~% -~i.lt7I 1-5tt::<li11 kJ% 1-5%i'( b-ltolL~o <S"t1 1> 

·t:1T~[,;:JLf_ %-~-1Q.~~"c_ tsl~2t~ tsrt-t;T ts{~,lo -tL{~:! ~·:ii l~~:t~ tsr~:-t;T r~1{l ~a-hrt-t;T ES~Y¾ .. tv-g- 't5-§-{'{ ~Yl~<)lL.to <'HJ1> 

·+:1T~l-2-{L ~~--li "Ri [oL: ;=r::iS *2 lLL~ R -FY ES:tt2{} 1-:t-/{~i3%:~l ;=~1,lLL~ %:~l:, l-o--8- r~z·-§-·h1 tYk:,lLb <[tl> 

rinr <:::tr> 

blo:fl-lt, 
-ib ~f\Y ~{-2-i~-r..t %i}~E::· r~i{IT t ·~t2lv '~~~)¾ '[${l1~ ~tro [5-&Jz:· ri-t~~ ft=x:lk 8~t? lt,::,f~-fh iL-{V <u-·1> 

·ti{b -~~L:=!;- f~*[tY ltgto lto~i·U=i <Otl> 

-~;{~~[tr: -8--i-[tr: ~>-tc: {Sf*±:" ~y-~-g, {¢. f:S~.g 
·~{?: -~J0Lg_ 1:s~kr.f.:i. g.-~i?Y- 2Qfy_f2:·}~ 1 ~'<)-l~.f-@~ f-R,+c BLtl~-~- ~~ -~~-/~ ~:8.Ft.f.:i. ·& -Fi~- ~i :~~ {¢.tS":~{tt <6f1> 

: ~[z{t -~:5:-f;,c: -i-:1,-ei'. [o-fy[o §;r OOH fa lo-]';f,0£ ~ic,-t.'t tc• 

-1.\- l •;1 %{k ·;-~-o g !_, =tcl ' 1~~ {~ -f.~- ti -1.\- l •;1 %{~ ·;-~-c g T {<:, % ·~li: +~ ~{.9. -f.~ t)c~ ~ r~ ~-:; ~?:-i ~ ~J! ·P1 r? t O t}- bs· {\· l O LUJ ~~ {:) t'5. t~l 

{! [t8.R-r-1 t--ol•;l[t t--011/lo [IJ t :[,:, -~~-ft Elk~t":-t [slot ts{~lo mJ V {c) lo·fll~Y~-: f'.2:8·r . .P1 r?-tVlo %~~~"" 9L =t,=i ~y 
llv [L t:c, 'T!..-{2-{1 +: ·br·ft,-br· H:ttr.:-~ -i·fr ~Y~ ~:kr.·E-1 -it ?1 "ff f{~ ~~{i ;=~ lb:.-{~ {Y--t=½.-U=1 'fr ~Y~ ftRr.+:i '·if%i}2: ·C6·b~- <6tl> 

"{:iloYl~: E~dLl=~ lo%f,.-:;f "[?lffi~r2t fl 
1t ~i ·::~::~~-lb~{::_,_ to·i-lJY -±:l~< -8-izto~t-t-H~- 'l1lo%IJY -±:l~< -E{'izto:l·t-t-H~- {??.•f-2.Ji -rf=t-~1:-::· ·-8-·{Y:t&~l~t-H"~ 
if, ly[-,::;- u-Hc~[Yi{r 'z::5:~ -!H:do,l t[r '[3[[11 u-[,"lo~[Yll" ~lto lo-:&ifl". lldo R:;?[ft tg[,-; lb~1f,c, ill, <.Lfj> 

+Jr0 :=1-::t~ t:k--Ell->: rl2.ro ltot-f=t.f~ <9f1> 

~{2-~-:lt;: %·~l=Htt ~~to {¥~-:.1-t-= ~yJ.J- ~~ ·t~ f'.2:l~~ 
~-=l-V ~-JoL.f~ /7:kr.t=1 E~·[ir;( -if--Cif-:::f?:IS/ 'k{2--tt~ i~~lt~o T?dl:f~~- t~ %f~-·;s: ft8.r.+:i -it +:dt t~ ~-t-2- i~-tY:}1ip <~fl> 

: l,~l,-:{t -~"-1-P1: F',Iic to-fHo §;c OOv[ {a io-]';-f'.,,--:;;; /Het.1 lo 

0666000--600:~--·0 l ~g §He~ 



Motif Exhibit 1150, Page 1019 of 1599

Case No.: IPR2023-00206 
U.S. Patent No. 11,224,241

-- ;c; --

,~ ~'.:f<.,fdt -[L:-tins if-fl lblttfoTh--t:- R,f:c:):;: B;[YHt Rtt2jz:~-f2, 'klb[:,;:-8: lo-§--t11 iYtl,,- ~ '-bRc ·-r:,-f~- ~o 
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Colored Structured Protein Products 
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The present invention provides a process for producing a colored structured protein 
product with protein fibers that are substantially aligned and the resultant product. 
Specifically, the plant protein is combined with a colorant and extruded, forming a 
colored structured protein product with protein fibers that are substantially aligned and 
the resultant product 
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PROBLEM TO BE SOLVED: To mask retort odor of a sauce for a retort 
bowl.SOLUTION: A production method for masking the retort odor of a sauce for a 
retort bOiNI including meat selected from beef, pork and chicken, is a masking method 
of a retort odor of a retort bowl in which a sauce for the retort bowl includes at least one 
fruit juice selected from the group consisting of apple juice, peach juice, mandarin 
orange juice and muscat juice, 
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Examples of beverages to which the inven­

tion may be applied are alcoholic and non­
alcoholic drinks based on melt, and soft 
drinks. 
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flavour characteristic where the natural flavor 
is deficient in some regard, or &1.tpp!ementing 
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There fa a continuing search for composi­
tions which can vary, fortify, nmdify, enhance 
or othenvise improve (i.e. "alter") the flavor 
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the co-ingredients. Preferably, such composi­
tions should. be naturally occurring or present 
in natural foodstuffs (although unrecognized 
as flavor components thereof) so that their 
ingestible safety can be readily recognized. 
Additionally, these materials should be 
capable of being synthesized in a simple and 
economic manner. 

Various: heterccyclic poly - S - comprnmds 
have been shown in !he literature to have 
flavor implications. For ex&.'11ple, in United 
States Letters Patent 3,503,758 ta Wada et 
al, pentathiepane, tetrathiane· and tetrathiepane 
are said tc, have a ,!Javor and aroma; and 
Chang in Chemistry and Industry, 1639, 
November 23, 1968,, reports 3,5 - dimethyl -
1,2,4 - trithiolane as present in the volatiles 
of boiled beef. Other investigators have com­
mented that poly alkyl trithianes are odorless 
or have an intensely putrid odor. See Barch, 
United Srates Letters Patent 2,594,379 and 
Breslav and Skolnik,, "Heterocydic Com-

45 
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pounds", p. 726, lnterscience (1966). Pippen 
in Journal af Food Scienc,~, 34, p. 443--446 
(1969) speculated that H 2S reacted with a 
carbonyl compound in chicken fat and 

5 postulated that 2,4,6 - trin.1ethyl - S - trirhiane 
couid be one of the products formed. 

It has now been found that the flavor of 
a foodstuff can be alt'ered by adding thereto 
at least one heterocyclic poly - S - compound 

10 having the formula 

wherein X is S or -NR,-; and (1) when 
X is S, then R1, Ra, and Rr. are the same 
and are alkyi of from 1 to 5 carbon atoms 

15 and R2, R.;, and R, are the same and are 
hydrogen or alkyl from 1 to 5 carbon aton:rn; 
or (2) when X is -NR,-, then R1, Ra, and 
Rs are the same and are alkyl of from 1 
to 5 carbon atoms, R2, R., · and R. are 

20 hydrogen, and R1 is hydrogen or alkyl of 
from 1 to 5 carbon atoms. The invention also 
contemplates flavoring compositions contain­
ing such heterocyclic poly - S - compounds. 

A particularly preferred class: of such com-
25 pounds includes the dithiazines of the 

formula. 

wherein R1, R.3 and Rs are the same alkyl 
radical of 1 to 5 carbon atoms and R., is 

30 hydrogen or alkyl radical of 1 to 5 carbon 
atoms, Suitable dithiazines indude: 

2,4,6 - trimethyldihydro - 1,3,5 - di­
thiazine 

2,4,5,6 - tetramet.1:tyldihydro - 1,3,5 - di--
35 thiazine 

2,4,6 - tri - isopropyldihydro - 1,3,5 - di­
thiazine 

2,4,6 .. tr.i .. n - butyldlhydro - 1,3,5 - di-­
thiazine 

40 2,4,6 - tri - isobutyldihydro - 1,3,5 - di-
thiazine 

2,4,6 - tri - n - pentyldibydro - 1,3,5 .. di­
thiazine 

and mixtures thereof. The ditl.1iazines have a 
45 pleasant sweet cereal, nutty taste and are 

especially suitable for beef, meat, nut and 
burnt flavors, 

Another das5 of prefen-ed heterocyclic 
poly - S - compounds include the trithianes 
having the formula 50 

wherein Ri, Ra, and R0 are the sarne and are 
alkyl of from 1 to 5 carbon atoms and R2, 

R1, and R. are 1:he same and are hydrogen 
or aikyl from 1 to 5 carbon atoms. Suitabie 55 
tritl:tianes are: 

2,4,6 - trimethyi - s - trithiane 
2,2,4,4,6,6 - hexamethyl - s - trithiane 
2,4,6 - triethyl - s - trithiane 
2,4,6 - triethyl - 2,4,6 - trimet.1:tyl - s - 60 

trithiane 
2,4,6 - tri - t -· butyl - ,; - trithiane 
2,4,6 - tri - n - bmyl - s - trithiane 
2,4,6 - tri - isopropyl - s - trithiane 
2,4,6 - tri - n - propy1 - s - tritl1fa11e 65 
2,2,4,4,6,6 •· hexaethyl - s - trithiane 
2,2,4,4,6,6 - hexaisoprnpyl - s - trithfrme 
2,4,6 - triethyl -· 2,4,6 •· 1:ri - n - pentyl -

s - trithiane 

The trithianes have a sweet nutty aroma 70 
and taste and are suitable for fruit (gom;e­
berry, black currant, grape, ra:.:pberry) nut and 
meat flavors. 

The strnctural formulae given herein con­
template and include cis- and trans- and 75 
other conformational isomers. 

The dithiazlnes are prepared by using con­
ventional processes, such as the methods shown 
in Beilstein, 27, pp, 460'-462 and 2d Suppl., 
p,. 524. The trithianes are &1mifarly known 80 
compounds and can be prepared in a known 
manner such as that described by Campaigne, 
Chem, Re-,1iews, 39, No. 1., pp. 1-77, 
August 1946. 

Such heterocyclic - poly - S - compounds 85 
are useful in flavoring compositions and to, 
alter the flavor of foodstuffs. They are 
especially adapted for adding sweet, meaty and 
nut nuances to consrunab1e materials and in 
rounding out and improving the character and 90 
quality of meat flavors. 

When the heterocydic poly - S - com­
pounds according to this inventicn are med 
in a flavouring composition, they can be com­
bined with conventional flavouring materials 95 
or adjuvants. Such co-ingredients or flavour-
ing adjuvants are well known in the art for 
such use and have been extensivelv described 
in the literature. Apart from t.1:te requirement 
that any such adj uvanl material he ingestlbly 100 
acceptable, and thus non-toxic or otherwise 
non-deleterious, conventional material~ qm h~ 
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used and broadly 
materials, vehicles, 
surface active agents, 
intensifiers. 

include other flavor 
stabilizers, 1hickenern, 
conditioners and flavor 

Such conventional flavoring materials 
include saturated and unsaturated fatty and 
amino acids, alcohols, including primary and 
secondary akohols; esters, carbonyl com­
pounds including ketones and aldehydes; 

10 lactones,. other cyclic organic materials includ­
ing benzene derivatives, alicyclics, hetero­
c:ydics such as furans, pyridines arid pyrazines; 
sulfur--containing materials including thiols, 
sulfides and disulfide;;.; proteins; lipids; 
carbohydrates; so••called flavor potent1ators 
such as mono-sodium glutamate, guanylates, 

15 

and innsinates; natural flavoring materials 
sllch a11 cocoa, vanilla and caramel; essential 
oils and extract11 such as anise oil and dove 

20 oil; artificial flavoring materials such as 
vanillin. Partic:ulm:ly uceful flavoring agents 
and adjuncts are cydopentane thiol, protein 
bydrolysate, such ac; hydrolyzed vegetable 
protein, c:vsteine, salts of c:v,teine such as 
cysteine f1ydrochloride, tmi"11ine, ~alts of 
thiamine, 2,5 - dime11ty1 - 3 - hydrcxy - 4 -

25 

30 

35 

oxo - 4,5 - dihydroforan, and products result­
ing from heating a mixture of at least two 
differing materials of the foregoing and high 
pressure reaction products of H 2S and 2,5 -
dimethyl - 3 - hydroxy - 4 - oxo - 4-,5 .. 
dihydrofuran. 

Stabilizers include preservatives such as 
sodiTu"11 chloride; antioxidants such as calcium 
and sodium ascorbate, asmrbic acid, butylated 
hydroxyanisole, butylated hydroxytoluene and 
propyl gallate; sequestrnnt,; such as citric acid, 
EDTA and phosphates. 

Thickeners include carrier,, binders, pro-
40 tective colloids, suspending agents and 

en:mlsifiers:, such as agar-agax, carrageen.an, 
cellulose and cellulose derivatives such as 
c:arboxymethyl cellulose and methyl cellulose, 

45 
natural ind synthetic gums such as gum 
arabic and gum tragacanth, and other pro­
teinaceous materials, lipids, carbohydrates, 
5ta~ches and ~ectins. . . " . 

Surface active agents mclude emu!s.nymg 
agents such as mono- and/or diglyccrides of 

50 fatty acids ;;uch as c:aproic acid., caprylic acid, 
pa!mitic acid, myristic ,icid and oleic acid; 
lecithin; defoa..rning and flavor-dispersing 
agents such as sorbitan monostearate, potas·-

55 

60 

65 

sium stearate and hydrogenated tallow alcohol. 
Conditioners include compoTu"lds such as 

bleaching and m,tturing agents such as ben:myl. 
peroxide, caicium peroxide and hydrogen per-• 
oxide; starch modifiers such as peracetic acid, 
sodium chlorite, sodium hypochlorite, propyl­
ene oxide and succinic anhydride; buffers and 
neutralizing agents such as sodium acetate, 
sodium diadd phosphate, ammoniu.'Il bi-­
carbonate, an1Jnonium phosphate, citric acid, 
lactic acid and vinegar; colorants such as 
carminic acid, cochineal, turmeric, cm:cumin 

and approved. food. and dmg dyes; firming 
agents such as aluminum sodium sulfate, 
calcium chloride and calcium gluccmate; 
texturizers; anti-caking agents such as 
a1urmnnm calcium sulfate and tribasic 
calcium phosphate; enzymes, yeast foods such 
as calcium lactate and ca1dum sulfate; 
nutrient supplements such as iron salts (e.g. 
ferric phosphate, ferric pyrophosphate and 
ferrous gluconate), riboflavin, vitamins; zinc 
wurcr:s such as zinc chloride and zinc sulfate. 

The heteroc:ydic - poly - S - compounds, 
or the compositions incorporating them, as 
mentioned above, can be· combined with cne 
or mc;re vehicles or carriers for adding them 
to 1he particular product. Vehicles can be 
edible or otherwise suitable materials such as 
ei:hyl alcohol, propylene glycol. and water. 
Carriers include materials such as r,um arabic, 
carrageen:m and other gums. The betero­
cyclic - poly •· S - compounds can be incor­
porated with 1:he carriers bv conventional 
mean~ such as spray-drying and drnm drying. 
Such carriers can als,,} include materials for 
coacei:vating the heterocyclic -· poly - S -
compounds (and other flavoring ingredients, 
as present) to provide encapsulated products. 
When the carrier i~ ;;;1 emulsion, the flavoring 
compo1:itio11 can also coatain emulr.ifiers such 
~s mono- t,nd. diglyc(7ides of fatt:z ac_id,. ~frh 
,ne:e carriers or vehicles, the des1rea phys1cal 
form of the compm,ition can be prepared. 

It will be undmtood by those skilled in 
the arr that the heterocydic - poly .. S -
compounds can be added to the materials to 
be !1avo-red at any convenient point in the 
productimi of the finished product. Thus, 
when rhey are used to alter or otherwise 
vary the flavor of a foodstuff, rhey can be 
z.dd~d. in the ori~inal . mixture ( e.g. ~ough, 
cmms1cn or batter;., pnor to any cockrng or 
heating .operation. Aitema,iveiy, they can be 
added at a later ctage of processing if 
".olatiliz~tion losse~ would be excessive during 
tne earlier processmg. 

When the materials a:i~ u~ed to ,rcat 
tobacco product[, for example, the additive 
can be applied in a suitable manner by spray­
ing, dipping or otherwise. The hcteroc.ydic -
poly - S_ - ;:ompo_unds can be applied d13ri~g 
the "cac:m;; · or tmal spmy treatment 01 tnc 
tobacco, or they can be applied at some 
earii,er Etage, of cu~1ng, The quantity of 0ctcro­
cychc - p01y - S - compounds or rmxtures 
thereof utilized should be sufficient to impart 
the desired flavor characteristic to the product, 
but on the other hand, the use of an excessive 
amount of the heterocyciic • poly - S - com­
pounds is not only wasreful and uneconcmirnl 
but in some instances too farge ,: quantity 
may unbalance the fiavor or other organo­
kptic property of the product to be con­
cmned. The quantity used wm vary depend­
ing upon the ultimate foodstuff, tobacco pro­
duct, or other con,umah!e producr; the 
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amount and type of flavor ir1itiaily present 
i11 the product; the fmther process or treat­
ment cteps to which the product will be 
subjected; regional and ofaer preference 

5 factors; the type of :>torage, if any, to which 
the product will be sllbjected; and the pre­
conrnmption treatment, wch as baking, frying, 
and SD on, given to the product by the 
ultimate consUi.'11er. 

10 It is accordingly preferred t.1-iat the food-
stuff, beverage or tobacw after addition of 
the compounds used according to the inven­
tion should contain from 0.02 pa1ts per .millio.n 
(ppm) to 100 ppm of the heterocydic - poly -

15 S - compounds. More particularly, in food­
s1uffs and beverages it is desirable to use 
from 0.02 to 20 ppm and in certain pre­
ferred embodiments of the inventiun, from. 
0.1 to 15 ppm of the heterocyclic - poly - S -

20 compounds are included in the finished food­
stuff or beverage. On the other hand, tobaccos 
can contain as little as 0.02 ppm and as 
much as 100 ppm, depending upon whether 
a cigarette tobacco, a pipe tobacco·, a cigar 

25 tobacco_, a chewing tobacco, or snuif is. being 
prepared. 

All parts, proportions, percentages, and 
ratios herein are by weight unless otherwise 
indicated. 

30 The amount: of heterocydic - poly - S -
compounds to be utilized in flavoring or 
flavor-enhancing compositions can be varied 
over a wide range depending uporr a particular 
quality to be added to the foodstuff, beverage 

35 ur tobacco. Thus, amounts of one or more 
heterocydic - poly - S - compounds accord­
ing to ·the present Invention from 0.1 up to 
80 or 90% can be incorporated in such com­
positions. It fa generally found to be desirable 

40 to include from 0.5 to 25% of the hetero-, 
cyclic - poly - S - compounds i11 such com­
positions. 
· The heterocyclic poly - S - compounds 
of this invention can also be added to perfume 

45 compositions i_n their pure f~nn .or. they can 
be added to mixtures of r.ruttemtls m rragrancc­
imparting compositions to provide a desired 
fragrance character t0 a finished perfume 
material. The perfume and fragrance com-

50 positions obtained according to this inventiGn 
are suitable in a wide variety of pe1fomed 
articles and can also be used to improve, 
enhanc,;, modify, alter or reinforce frav,l'.ance 
materials. It will thus be appreciated that 

55 the heterocyclic poly - S - compounds and 
mixtures thereof of -this invention are useful 
as olfactory agents and fragrances. 

The term ·"perfume composition" is used 
herein to mean a mixture of compounds, 

60 including for example, natural oils, synthetic 
oils, alcohols, aldehydes, ketones, esters, 
lactones, and frequently hydrocarbons which 
are admixed s,} that the combined odors of 
the individual components pmduce a p]easar:t 

65 or desired fragra.c"lce. Such p,'.rfrnne compos1-

tiuns usuaUy contain: (a) the main note or 
the "bouquet'' or foundation-stone of the 
cornpusition; (b) modifiers which round-cf£ 
and accompany the main note; (c) fixatives 
which include c;dorous substances which lead 70 
a pariicuiar note to· the perfume throughout 
all stages of evaporation, and mbstances which 
retard evaporation; and (d) top-notes which 
are ustrnlly Iow-bviling, fresh-smelling 
materials. Such perfurne compositions or the 75 
novel materials of this invention c:z,n be m:ed 
in conjunction with a perfUt-ne base, generally 
comprising one or more carriers, vehicles, 
solvents, dispersants, emulsifiers, surface­
active agents and/or aerosol propellants. In 80 
perfume compositions, the .individual cmn­
ponents contribute their particular olfactory 
char,;ctexistics, but the overall effect of the 
perfume composition will usuaily at least be 
the sum of the effect nf each ingredient. 85 
Thus, the heterocyclic poiy •- S •· compound:;; 
of this invention can be used to alter the 
aroma characteristics of a p;;rfume com­
position, for example, by liighlighting or 
moderating the olfactory reaction contributed 90 
by another ingredient of the ccmposition, 

The amonnt of one or more compounds 
of this invention which will be effective in 
perfume composJt!ons depends en many 
factors_, including the oilier ingredients, their 95 
amounts and the effects which are desired. 
It has been found that perfume compositions 
containing as little as 1.0% by weight of 
the compounds of this invention, or even 
less can be used to intensify or augm.ent. and 100 
enhance various types of fragrance compounds, 
the odors of which mav be desired to be 
imparted to colognes, perfumes, bath oils and 
other cosmetic products, The amount 
employed will depend on consideratiom of 105 
cost, nature of the end product, the effect 
desired in the finished product, :-ind the par­
ticular fragrance sought Higher concentra-
tions (e.g. 2°/o by weir,bt) of the heterccydic -
poly - S - com.pound:, of this invention wili HO 
intensify the green leafy note and green nutty 
notes of the compositions. 

The heterocydic poly •· S •· compounds 
disclosed herein can be u::t:d in a composition 
as an olfactory component of a fragr:mce 115 
which in turn can be used in perfumes, 
colognes, baL1i preparations (such as bath oils 
and bath aalts) and the like. When the hetero­
cydic pcly •· S •- compounds of this inven-
tion are used in finished pcrfomed articles, 120 
such as the foregoing, they can be u~ed in 
amcunts of 0.04% by weight or lower. 

The follovring examples are given to iltns-
trate embodiments of the invention as it is 
presently preferred to _practise it It will be 125 
understood that these exarnples are illustrative, 
and the invention is not to be considered as 
restricted theretn except as indicated in th~ 
appended claims. 
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10 

EXAMPLE I 
The following materials are homogeneously 

mixed at 25°C: · 

Ingredients 

Vegetable shortening 
Salt 
Glutamic acid 
L-Cysteine hydrochloride 
Glycine 
/3-Alanlne 
Taurlne 
Mixture of di-sodium inosinate 

and di-sodium guanylate 

Parts 

622.7 
321.7 

5.1 
10.3 
5.1 
1.3 

20.0 

3.3 

The mixture is heated at 300°F for thirtv 
15 reconds. After cooling to 100°F, 0.12 part of 

dlacetyl and 0.10 part of hexanal are added. 
After aging the resulting mixture for three 
hours, 0.1 part of 2,4,6 - trimethyldihydto -
1,3,5 - dithiazine is added. 

20 The resulting mixture: is aged for ten hours 

25 

30 

to provide a material having an excellent 
chicken aroma. · 

EXAlvlPLE II 
Ingredients 

Vegetable: shortering 
Salt -
Glutam.ic acid 
L--Cystcine hydrochloride 
/J-Ai:mine 
Taurine 
Mixture of di-sodium inosinate 

and di-sodium guanylate 
2,4,6-trimethyl-;;...trithiane 

Parts 

622.7 
321.7 

5.1 
10.3 

1.3 
20.0 

3.3 
0.1 

The mixture is heated to 300°F for thirtv 
35 seconds. After cooling to 100°F, 0.12 part of 

diacetvl and CUO oart of hexanal are added. 
The resulting • mixture has an excellent 

chicken aroma. 

EXAMPLE III 
40 The following ingredents are hmno-

,15 

50 

geneously mixed at 25°C: 

Ingredients 

Vegetable shortening 
Salt 
Glutamic add 
L--Cysteine hydrochloride 
Glycine 
/:I-Alanine 
Taurine 
Mixture of di-sodium inosinate 

and di-sodium guanylate 

Parts 
622.7 
321.7 

5.1 
10.3 
5.1 
1.3 

20.0 

3.3 

The mixture is heated to 300°F for 1hirty 
seconds. After cooling to 100°F, 0.12 part 
l)f diacetyl, 0.10 part of hexanal, and OJ 

55 part of 2,4,5,6 - teirlllnerhyl - dihydro -
1,3,5 - dithiazine are added. 

The re,mlting mixture has an excellent 
chicken aroma. 

EXAMPLE IV 
The following ingredients. are 

geneously mixed at 25°C: 

Ingredients 

y e,getable shortening 
Sa1t 
Glutamic acid 
L-Cysteine hydrochloride 
G1ycine 
/3-Alan.ine 
Taurine 
MiKture of di-sodium inosinate 

and di-sodium guanylate 

homo-

Parts 
622.7 
321.7 

5.1 
10.3 
5.1 
1.3 

2G.O 

2.0 

60 

65 

70 

The mixture is heated to 300°F for sixty 
s~onds. After cooling to 100°F, 0.12 part of 
diacetyl and 0.10 part of hexanal are added. 
After aging the mixture for a period of three 75 
hours at a temperature of 65°F, 0.1 part of 
2,4,6 - triethyl. - 2,4,6 - tri - n - pentyl -
s - trithiane are added. The resulting mixture 
is then aged for ten hours to yield a com­
po:ition having an excellent chicken aroma 80 
and flavor. 

EXAMPLE V 
Cysteine hydrochloride in the amount of 

8.8 g is refluxed at 215°F under atmo:.-pheric 
pressure for four hours with a mixture of 85 
309 g of hydrolyzed vegetable protein and 
674 g of water. Subsequent to the reflux, the 
mixture is cooled and 0.05 g of 2_,4,6 -
trimethyldihydro - 1,3,5 - dfrhiazine is added 
and intimately admixed with the composition. 90 
The mixmre has an excellent beef fiavor. 

EXAMPLE VI 
Cyclopentane thiol and 2,2,4,4,6,6 - hexa­

met.l:!yl - s -· trithiane (1: 1 mol.e ratio) in the 
amount of 0.05 g. are refluxed at 215°F 
under atmospheric pressure for four hours 
with the following premix composition: 

Ingredients 
Hydrolyzed vegetable protein 

(Maggi 4BE) 
Water 
Thiamine-HCl 
Cysteine .. H Cl 

Amount 

309 g 
674 g 
8.8 g 
8.8 g 

(The word "1\-laggi" is a Registered Trade 
Mark). 

Subsequent to the reflux period, the result­
ing mixture is aged for 72 hours at 60-75°C. 
The mixture has an excellent beef aroma. 

EXAMPLE VII 
2,4,6 - Trimerhyl - s - trithiane in the 

amount of 0.05 g is refluxed at 215°F under 
atmospheric pressure for four hours with rhe 
following pre-mix composition: 

95 

mo 

105 

110 
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Ingredients 
Hydrolyzed vegetable protein 

(Maggi 4BE) 
C:y~ei~e-HCt 
T!l!amme-HC1 
Water 

Amount 

309 g 
8.8 g 
8.8 g 
674 g 

Subsequent m ti.tie reflux, the rem.ilting mix­
ture: is aged for 72 hours at 60--75°C. The 
mixture has an excellent beef aroma. 

10 EXAMPLE VIII 
The compGsition prepnred in Example I 

is dissolved in propylene glycol to provide a 
0.1 °/4 solution. This solution in the amount 
of 0.966 g is added to 7.3 g of a soup base 

15 consisting of: 

20 

Ingredients 
Fine ground sodium. chloride 
Hydrolyzed vegetable protein 
Monosodium glutamate 
Sucrose 
Beef fat 
Sethness caramel color (powder 

B & C) 

Parts 
35.62 
27.40 
17.81 
10.96 
5.48 

2.73 

The resulting mixture is added to 12 
25 ounces of boiling water to obtain a soup 

h;;ving ;;n excellent chicken flavor. 
The composition of Example VI (0.005 g) 

when added to the above soup base also pro­
vides a soup having good meat Havnr. 

30 EXA.l\1.PLE IX 
The composition prepared in Example V 

is dissolved in propylene glycol to provide a 
0.1 % solution. This solution in the amollilt 
of 0.966 g is added to 7.3 g of a soup base 

35 consisting of: 

40 

Ingredients 
Fine ground sodium chloride 
Hydrolyzed vegetable protein 

(Maggi 4BE) 
1'\tl.onosodillm glutamate 
Sucrose 
Beef fat 
Caramel color, bakers and cnn­

fectioner's powder grade 

P;;rts 

35.62 

27.40 
17.81 
10.96 
5,48 

2.73 

45 The resulti mixture is ;;dded to 12 
ounces of b · water to obtain a soup 
having an excellent chicken. flavor. 

The composition of Example II (0.005 g) 
when added to the above soup base also 

50 provides a soup having good meat flavor. 

EXAMPLE X 
One-half gram of the soup hase mixture 

of Example VIII is emulsified in a solution 
containing 100 g gum arable and 300 g 

55 water. The emulsion is spray-dried with a 
Bowen Lab Model Drier utilizing 250 cfm 

nf air with an inlet temperature of 500°F, 
an ou11et temperature of 200°F, and a wheel 
speed of 50,000 rpm. 

Twelve gram,; of the :;pray-dried material 60 
is mixed with 29 .2 g of the soup base set 
forth in Example VUL The resulting mix-
ture is then added to 12 ounces of bolling 
water, and. an excellent meat flavored soup 
is obtained. 65 

EXAMPLE XI 
Exarnple I is repeated except that the 

ditbiazine is replaced by .003 part of a mix­
ture comprising the follawing ingredients; 

Ingredients Parts 
2,4,6·•1:rimethyl dihydro-1,3,5-

dithiazine 10 
2,4,6-trirnethyl+trithiane 26 
Com Oil 50 
Gum arabic 20 

The resulting mixture has an excellent me;;t 
flavor. 

EXAMPLE XII 
Preparation of Perfume Composition Contain­

ing 2,4,6 - Trimethyl - S - Trithiane 
The following composition is prepared: 

Ingredients 
2,4,6-·trimethyl-s-trithiane 
Benzy1 butyrate 
Bois de Rose 
Citronellyl formate 
CitroneIM acetate 
Geraneoi coeur 
Citro:nel!ol coeur 
Menthone 
Menthol natural 
Rose oxide 
Geranyl acetate 
Dimethyl Benzylcarbinyl-

acetate 

Parts by 
Weight 

4 
4 

10 
30 
20 

200 
300 

5 
5 

10 
30 

2 

620 

The addition of the 2,4,6 •· trimethyl •· s -
trithiane in the quantity given imparts a green 
leafy note similar to that of natural geranium 
Bourbon to the composition without detract­
ing from the quali1y of the odor. 

EXAMPLE XIII 
The following formulations are produced : 

70 

75 

80 

85 

90 

95 

100 

Fommlation A 105 
1.9 gm Natural black curr;;nt juice, con-

ce-.ntrate 
0.1 gm Natural black currant esters 
10.0 ml Sugar Syrnp 32°:Be 
q.s. 100 ml Spring water 110 
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I·\irmulatinn B 
1.9 gm Natural black currant juice, con­

centrate 
0.1 gm Bnchu leaf oil G.1. % (ethanol 95°/J 

5 10.0 ml Sugar Syrup 32°Be 
q.s. 100 ml Spring water 

Formulation C 
L9 gm Natural black currant juice, con­

centrate 
10 0.1 gm Niribine* 10% (ethanol 95%) 

10.0 ml Sugar Symp 32°Be 
q.s. 100 ml Spring water 

,:,Niribine is produced by dfrtilling an 
alcoholic macerate of black currant buds. 

15 Formulation D 
1.9 gm Natural black currant juice, con­

centrate 
0.1 gm 2,4,6 •· trimethyl •· s - trithi:me 

0.1 ~/0 (etharn,l 95'1/0 ) 

20 10.0 ml Sugar Symp 32.0Be 
q.s. 100• mi Spring water 

Formulation E 
1.9 gm Natural black currant juice, con­

centrate 
25 0.1 gm 2,4,6 - trimethyl - s - trithiane 

O.oJ % (et.hanol 95o/;,) 
q.s. 100 ml Spring water 

Formulation F 
1.9 g111 Natural black currant juice, con-

30 centra!e 
10.0 ml Sugar Syrup 32°Be 
q.s. 100 ml Spring water 

Each of the above-mentioned formulations 
is compared with one another by a panel 

35 composed d W tasters. Formulation F is 
generally considered by the panel to be flat 
and not very characteristic for fresh black 
currant. Formulations B, C, D a.nd E are 
considered as having substantially fresh and 

40 mc;re pleasant notes than formulatiGn F. In 
summary, formulations D and E were pre­
ferred as the: best black currant juice fonnula­
tions. In conclusion, for use in black currant 
fiavor, tbe material 2,4,6 - trimethyl - s -

45 trithiane cun be used. at rates of one-tenth 
of that of Buchu leaf oil in black currant 
juice. 

It i, further to be concluded that 2,4,6 -
trlmethyl - s - trithiane can successfully 

50 replace Buchu leaf oil, Nirfoine and/or 
natural black currant esters wherever the 
ingredient is used in reinforced black currant 
juices, substituted black currant juices and 
imitation black currant flavors. 

55 WHAT WE CLJ\IM IS:-
1. A method for altering the flavour or 

aroma of a consumable material which com­
prises adding to the consumable material a 
compound of the general formula:-

in which X is S or -NR7 ; and 
(1) when X is S, then R,, R3 and R, are 

the same and are alkyl groups of from 1 to 5 
carbon atoms and R2 , R, and R0 are the 
same and are hydrogen atoms or alkyl groups 
of from 1 to 5 carbon atoms; or 

(2) whe.'1 X is NR,, then R1, R3 and R" 
are the same and are alkyl groups of from 
l to 5 carbon atoms, R2, R1 and R. are 
hydrogen atoms, and R7 is a hydrogen atom 
or an alkyl group of from 1 to 5 carbon 
atoms:. 

2. A method according to claim 1 in which 
X is -NH and each of R1, Ro and R, is 
an alkyl group having from 1 tn 5 carbon 
atoms. 

3. A method according to claim 2 in which 
R1, RJ and R5 are methyl groups. 

4. A method according to claim 1 in 
which X is S, and each of R2, R, and R" 
is an alkyl group having from 1 to 5 carbon 
atoms. 

5, A method according to claim 4 in which 
X is S; RH Rs and Rs are methyl groups 
and. R2, R, and Rr. are hydrogen atoms. 

6. A method according to claim 4 in which 
R1, R,, Rs, R,, Rs and R., are all methyl 
groups. 

7. A method according to claim 1 in whkh 
X is S arid R2, R, and R0 are hydrogen 
atoms. 

8. A method according to claim 1 in which 
the compound is one of thoS(.'. hcrcinbefore 
specifically mentioned. 

9. A method according to any preceding 
claim in which the final concentration of the 
said compound. in the material is 0-.02 to 
mo ppm. 

10. A method according to claim 9 in which 
the final concentrmfon of the said compound 
of the material is 0.1 to 15 ppm. · 

11. A method according to any preceding 
claim ju which the material is a foodstuff. 

12. A. method according to any preceding 
claim in which the foodstuff is one of those 
hereinbefore specifically mentioned. 

13. A method according to claim 11 or 
12 in which tl-ie foodstuff is a reinforced, sub­
stituted or imitation black currant juice and. 
the compound is 2,4,6 - trimethyl - S -
trithiane. 

14. A method according to claim 11 or 
12 in which the food.stuff comprises hydro­
lysed vegetable pmtein. 

15. A method according to any of claims 
1 to 10 in which the material is tobacco. 

7 

60 

65 

70 

75 

80 

85 

90 

95 

100 

105 

110 
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16. A method according to arty of claims 

1 to 1(} in which the material is a perfUi.'11e 
base~ 

17. The method of any of claims 1 to 10 
5 in which the material is a toilet preparation. 

18. A method according- to daim 1 for 
altering tbe flavour or aroma of a consumable 
material substant[allv as herelnbefore des­
cribed ill the Examples. 

10 19. Consu..rnable materials having a flavour 
or ~rom~ .altered by the method of any pre­
cedmg c!:llrn. 

20. A flavouring composition containing an 
organoleptically modifying ammmt of a com­

I 5 pound of the general formula: -

fa which X is S or -NR7 ; and 
(1) when X is S, then R,, R,i and R5 

are the same and are alkyl groups of from 1 
20 to 5 carbon. atoms and R2, R1, and Ra are 

the same and are hydrogen atoms or Io.wer 
alkyl groups of from 1 to, 5 carbon atoms; or 

(2) when X fa -NR,, then R1, R, and .R, 
are the same and are alkyl groups of from 

25 1 to 5 carbon atoms, R2, R4 and R6 are 
hydrogen atoms, and Rr is a hydrogen atom 
or an alkyl group of from 1 to 5 carbon 
atoms_; and an auxiliary flavouring adjuvant. 

21. A composition according to claim 2(} 
30 in which X is -NH- and each of Ris Rs 

and R. is an alkyl group having from 1 to 5 
carbon atoms. 

22. A :flavouring composition according to 
claim 21 in which R1, R2 and R, are methyl 

35 groups. 
23. A flavouring c:umposition according to 

claim 20 in which X is S aml each of R1, 
Rr, and R, is an alkyl group having from 1 tc, 
5 carbon atoms. 

40 24. A fl.avouring composition according to 
claim 23 .in which R1, R2, Ri, Ri, R, and 
RG are all methyl groups. 

25. A flavouring composition according !:D 
claim 23 in which R1, R3 and R, are methyl 

45 groups and R2, R4 and R,, are hydrogen 
atoms. 

26. A flavouring composition according to 
claim 20 in which X is S and R~, R, and 
Rr. are hydrogen atoms. 

27. A flavouring composition according to 50 
claim 20 in which the compound is one of 
those hereinhefore specifically menlioned. 

28. A ccmposition according to any of 
claims 20 to 27 i11 which the adjuvant is a 
further flavouring material, a vehicle, a 55 
stabilizer, a thickener, a ,;urfactant, a condi­
tioner or a flavour intensifier. 

2-9. A composition according tc} daim 28 
in which the adjuvant is one of those herein-
before specifically mentioned. 60 

30. Flavouring compositions according to 
claim 20 31.lbstantially as bereinbefore des­
cribed in !he Examples. 

31. A method according to any of claims 
1 to 19 in which the compound is added in 65 
the form of a flavouring composition accord-
ing to any of claims 2G to 30. 

32. A perfume composition containing ,m 
organokptically modifying amount of a com-
pound of the general fommla: - 70 

in which X is S or -NR,-; and 
(1) when X is S, then R1, R3 and. R5 are 

the saxne and are alkyl groups ,}f from 1 
to 5 carbon atoms and R2, R., and R0 are 75 
the same and are hydrogen atoms or alkyl 
groups of from 1 to 5 carbon atoms; or 

(2) when X is --NR,-----; then R,, Rl and 
R5 are the same and are alkyl groups of 
from 1 to 5 carbon atoms, R2, R4 and R0 80 
are hydrngen atoms, and R 7 is a hydrogen 
atGm or :L'l alkyl group of from 1 to 5 carbon 
atoms; and an auxiliary perfume adjuvant. 

33. ll. composition acmrding ti} claim 32 
in which the compound is one of those herein~ 85 
before. specifically mentioned. 

34. A composition according to daim 32 
or 33 in which the adjuvant is one of those 
hereinbefore specifically mentioned. 

35. Perfume compositions according to 90 
claim 34 substantiaUy as hereinbefore des­
cribed in the Examples. 

For the: Applicants, 
CARPMAELS & RANSFORD, 

Chartered Patent Agents, 
43 Bloomsbury Square, 
London, WC1A 2RA. 

Printed for .Her Jifaiesty's Stationery Office, by the Cnurier l'ress, Leamington Spa, 1974, 
I'ublislwrl by 'l'he Patent Office, 25 Southampton J3uilding:s, London, WC2A.1.AY, from 

· which copies may be oht:1.ined. 



Motif Exhibit 1150, Page 1056 of 1599

Case No.: IPR2023-00206 
U.S. Patent No. 11,224,241

FROZEN COOKED FOOD AND ffS PRODUCTION 

lnventor(s): ISHII SHOJI:: (ISHII SHOJI) 

Applicant(s): FUJI SHOKUHIN KK ~ (FUJI SHOKUHIN:KK) 

Classification: - international:A23L23/00; A23L3/36; A23L35/00; A23L7/10; 

- cooperative: 

A23L7/109; (IPC1-7): A23L 1/10; A23L 1/16; 
A23L 1/39; A23L 1/48; A23L3/36 

Application JP19990211469 19990727 
number: 

Priority JP19990211469 19990727 
number(s): 

Abstract of JPW01037434 (A} 

PROBLEM TO BE SOLVED: To obtain a frozen cooked food producible in high 
efficiency and having the appearance and palatability of newly cooked food by bringing 
a cooked main food material into contact with a gelatinous seasoning liquid added with 
gelatin and filling the mixture in a package. SOLUTION: (A) A main food material sucll 
as cooked noodle, pasta or rice is filled in a package in a state contacting with (8) a 
gelatinous seasoning liquid obtained by adding gelatin to a seasoning liquid such as 
sauce or soup. VVllen tile objective food is e.g. chow mein. the steamed noodle for 
chow mein is prepared first, the noodle is mixed with a seasoning sauce, ingredients, 
oil, etc., and the mixture is heat-treated to sufficiently fry the noodle and cooled to 
normal temperature. Separately, a sauce same as or similar to the above seasoning 
sauce is incorporated witll gelatin and cooled to solidify the sauce in gelatinous state. A 
prescribed amount of the cooked chow mein 4 is brought into contact with a prescribed 
amount of tile gelatinous sauce 5, filled in a package 1 and frozen to obtain the 
objective frozen food. 
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PASTA AND METHOD FOR PRODUCING THE SAME 

lnventor(s): 

Applicant(s ): 

Classification: 

Application 
number: 

Priority 
number(s): 

NISHIWAKI KEISUKE; ISHIBASHI HIDEAKI.:. (NISHIWAKI 
KEISUKE,; ISHIBASHI HIDEAKI) 

NIPPON FLOUR MILLS.:. (NIPPON FLOUR MILLS CO LTD) 

- international: A23L7/109; (IPC1-7): A23L 1/16 
- cooperative: 
JP2000016664620000602 

JP2000016664620000602 

Abstract of JPW0134S533 {A} 

PROBLEM TO BE SOLVED: To obtain pasta with good palate feeling. SOLUTION: The 
method for producing pasta is characterized by comprising the following process: a 
chip-like dough is produced by extruding a dough 25-45 wt. 0/c in water content after 
kneading under a reduced pressure, Le., >'""55 kPa less than the atmospheric pressure, 
and the chip-like dough thus produced is kneaded again and extruded. 
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METHOD FOR PRODUCING NOODLES AND NOODLE QUALITY IMPROVER 

lnventor(s): KAWAI TAKANORI; HANEKI TAKASHI; KONDO KEIICHI; YOKOTA 
YUURI; SAKI DA SHUICHIRO; MORIMOTO ERIKO; KAWAI 
AKIFUSA; YAMAZAKI NAGAHIRO ~ (KAWAI TAKANORI, ; HANEKI 
TAKASHI, ; KONDO KEIICHI, ; YOKOTA YUURI, ; SAKIDA 
SHUICHIRO, ; MORIMOTO ERIKO, ; KAWAI AKIFUSA, ; YAMAZAKI 
NAGAHIRO) 

Applicant(s): TAIYO KAGAKU KK_! (TAIYO KAGAKU CO LTD) 

Classification: - international: A23L7/109; (IPC1-7): A23L 1/16 
- cooperative: 

Application 
number: 

JP2001022606120010726 

Priority 
number(s): 

JP20010226061 20010726 ; JP20000224717 20000726 

Abstract of JPW02i M 836 (A} 

PROBLEM TO BE SOLVED: To provide a method for producing noodles good in taste 
of the noodles, having a moderate hardness, elasticity (viscoelasticity), chewiness and 
smoothness (smooth feeling) with texture good in throat passage and scarcely losing 
firmness with hot water and by boiling without deteriorating the taste of the noodles and 
to obtain a quality improver for the noodles and the noodles capable of maintaining the 
texture even during the production or after storage thereof not only in the noodles 
eaten just after cooking but also in cooked noodles, raw type instant noodles 
(hereinafter referred to LL noodles), frozen noodles or instant noodles. SOLUTION: A 
vegetable protein or a milk protein having <::c:20 [mu]m average particle diameter is 
added. 
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SEASONING LIQUID IMPARTING BAKING FLAVOR~ STEAMED NOODLE COATED 
WITH THE SAME~ AND METHOD FOR PRODUCING THE SAME 

lnventor(s): 

Applicant(s ): 

SHI I BASHI YUSUKE; KAWADA RYOICHI; HIRAKAWA TOSHIAKI; 
NASU YASUNOBU; OTA KEIJI.:. (SHI I BASHI YUSUKE, ; KAWADA 
RYOICHI,; HIRAKAWA TOSHIAKI,; NASU YASUNOBU,; OTA 
KEIJI) 

SHIMADAYA CORP.:. (SHIMADAYA CORP) 

Classification: - international: A23L27/00; A23L7/109 
- cooperative: 

Application JP20080167927 20080530 Global Dossier 
number: 

Priority 
number(s): 

JP20080167927 20080530 

Also published JP4993216 (B2) 
as: 

Abstract of JPW0S234893 (A} 

PROBLEM TO BE SOLVED: To provide steamed noodles coated with a seasoning 
liquid, making a nice-smelling baking flavor by heating in a microwave oven compatible 
with a smooth texture of just boiled raw noodles. ;SOLUTION: The top surface of a 
lump of steamed noodles is coated with a whipped seasoning liquid obtained by 
dissolving a reducing sugar activating an aminocarbonylation reaction by being heated, 
and gelatin as a gelling agent in a seasoning liquid containing a protein hydrolyzate 
and heating, and then whipping while cooling. Since flowing down into gaps of the 
noodles is hardly caused even after heating and melting, and heat is readily generated 
by heating in a microwave oven to obtain the nice-smelling baking flavor in a short time, 
the steamed noodles are not excessively heated. ;COPYRIGHT: (C)2010,JPO&lt'JPIT 



Motif Exhibit 1150, Page 1060 of 1599

Case No.: IPR2023-00206 
U.S. Patent No. 11,224,241

INSTANT NOODLE 

lnventor(s): INAOKA TOKIJIROU; FUKITA TOMOHIRO; SHIIBA DAISUKE; 
KAMEO YOJI; GENJI MIWA; KOMIKADO MASANORI .:!:. (INAOKA 
TOKIJIROU, ; FUKITA TOMOHIRO, ; SHIIBA DAISUKE, ; KAMEO 
YOJI, ; GENJI MIWA, ; KOMIKADO MASANORI) 

Applicant(s): KAO CORP.:!:. (KAO CORP) 

Classification: - international:A23L7/109; A23L7/113; (IPC1-7): A23L 1/16; 
A23L 1i162 

- cooperative: 
Application JP19950226323 19950904 
number: 

Priority JP19950226323 19950904 
number(s): 

Abstract of JPH0970272 {A} 

PROBLEM TO BE SOLVED: To obtain instant noodle having excellent instant 
cooh:ability and resembling genuine noodle in taste and palatability by adding a 
diglycerol disaturated fatty acid ester to raw material flour, kneading the mixture, 
forming to noodle form and gelatinizing the noodle. SOLUTION: Raw material flour 
produced by mixing wheat flour with potato starch in the form of powder is incorporated 
with a diglycerol fatty acid ester composition containing >:::8Qwt. 'lo of a diglycerol 
saturated fatty acid ester having a structure obtained by esterifying either one of a 
terminal hydroxyl group or adjacent hydroxyl group of diglycerol and either one of the 
other terminal hydroxyl group or adjacent hydroxyl group with a saturated fatty acid, the 
mixture is kneaded after the addition of salt and water, the prepared noodle dough is 
formed by a roll mill, the obtained noodle strip is slit to noodle strings with a disk blade 
and the strings are gelatinized and dried to obtain the objective instant noodles having 
excellent instant cookability and resembling genuine noodles in the taste and 
palatability. 
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DETAILED ACTION 

Notice of Pre-AJA or AJA Status 

Page 2 

1. The present application is being examined under the pre-AIA first to invent provisions. 

Drawings 

2. The drawings are objected to because the Y-axis of Figure 2 is not labeled. Corrected 

drawing sheets in compliance with 37 CFR l.12l(d) are required in reply to the Office action to 

avoid abandonment of the application. Any amended replacement drawing sheet should include 

all of the figures appearing on the immediate prior version of the sheet, even if only one figure is 

being amended. The figure or figure number of an amended drawing should not be labeled as 

"amended." If a drawing figure is to be canceled, the appropriate figure must be removed from 

the replacement sheet, and where necessary, the remaining figures must be renumbered and 

appropriate changes made to the brief description of the several views of the drawings for 

consistency. Additional replacement sheets may be necessary to show the renumbering of the 

remaining figures. Each drawing sheet submitted after the filing date of an application must be 

labeled in the top margin as either "Replacement Sheet" or "New Sheet" pursuant to 37 CFR 

l.12l(d). If the changes are not accepted by the examiner, the applicant will be notified and 

informed of any required corrective action in the next Office action. The objection to the 

drawings will not be held in abeyance. 

Claim Rejections - 35 USC§ 112 

3. The following is a quotation of the first paragraph of 35 U.S.C. l 12(a): 

(a) IN GENERAL-The specification shall contain a written description of the invention, and 
of the manner and process of making and using it, in such full, clear, concise, and exact terms as to 
enable any person skilled in the art to which it pertains, or with which it is most nearly connected, to 
make and use the same, and shall set forth the best mode contemplated by the inventor or joint inventor 
of carrying out the invention. 
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The following is a quotation of the first paragraph of pre-AIA 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and 
process of making and using it, in such full, clear, concise, and exact terms as to enable any person 
skilled in the art to which it pertains, or with which it is most nearly connected, to make and use the 
same, and shall set forth the best mode contemplated by the inventor of carrying out his invention. 

4. The following is a quotation of 35 U.S.C. 112(b): 
(b) CONCLUSION.-The specification shall conclude with one or more claims particularly pointing 
out and distinctly claiming the subject matter which the inventor or a joint inventor regards as the 
invention. 

The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph: 
The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

Page 3 

5. Claims 31-53 are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre-AIA), first 

paragraph, as failing to comply with the written description requirement. The claim(s) 

contains subject matter which was not described in the specification in such a way as to 

reasonably convey to one skilled in the relevant art that the inventor or a joint inventor, or 

for pre-AIA the inventor(s), at the time the application was filed, had possession of the 

claimed invention. 

New claims 31-53 are directed to a "meat-like food product." The present specification 

uses the term "meat-like" to describe the flavors produced upon cooking the inventive food 

product ([0010]). While the present specification is broadly directed to creating meat-like flavor 

in animal or non-animal based food product, including food products in the form of hot dogs, 

burgers, ground meat, sausages, steaks, filets, roasts, breasts, thighs, wings, meatballs, meatloaf, 

bacon, strips, fingers, nuggets, cutlets or cubes ([0010]-[0011]), there is no description of a 

"meat-like food product. 
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6. Claims 31-50 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA), 

Page 4 

second paragraph, as being indefinite for failing to particularly point out and distinctly 

claim the subject matter which the inventor or a joint inventor, or for pre-AIA the 

applicant regards as the invention. 

Regarding claims 31-50, the term "meat-like food product" renders the claim indefinite. 

It is not clear what properties define a "meat-like food product." Is a meat-like food product any 

consumable food product that exhibits a meat flavor or product exhibiting the texture, 

appearance, nutritional profile and flavor of a pork tenderloin? 

Claim Rejections - 35 USC § 103 

7. The following is a quotation of pre-AIA 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102, if the differences between the subject matter sought to be patented and the prior art 
are such that the subject matter as a whole would have been obvious at the time the invention was made 
to a person having ordinary skill in the art to which said subject matter pertains. Patentability shall not 
be negatived by the manner in which the invention was made. 

8. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 

(1966), that are applied for establishing a background for determining obviousness under pre­

AIA 35 U.S.C. 103(a) are summarized as follows: 

1. Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating obviousness or 

nonobviousness. 

9. This application currently names joint inventors. In considering patentability of the 

claims under pre-AIA 35 U.S.C. 103(a), the examiner presumes that the subject matter of the 
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various claims was commonly owned at the time any inventions covered therein were made 

absent any evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to 

point out the inventor and invention dates of each claim that was not commonly owned at the 

time a later invention was made in order for the examiner to consider the applicability of pre-

AIA 35 U.S.C. 103(c) and potential pre-AIA 35 U.S.C. 102(e), (f) or (g) prior art under pre-AIA 

35 U.S.C. 103(a). 

10. Claims 31-53 are rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable 

over Hsieh et al. (US 2012/0093994) in view of Proulx et al. ("Iron Bioavailability of 

Hemoglobin from Soy Root Nodules Using a Caco-2 Cell Culture Model" - J. Agric. Food 

Chem." 2006, p. 1518-1522) as evidenced by Dinh et al. ("Effects of USDA quality grade 

and cooking on water-soluble precursors of beef flavor", Meat Science, Volume 146, 

December 2018, pp. 122-130). 

Regarding claims 31, 34-36, 38-41, 46 and 49-53, Hsieh et al. disclose a structured plant 

protein product having protein fibers that are substantially aligned and has meat-like moisture, 

texture, mouthfeel, flavor and color (i.e. meat-like product) comprising: (a) dry ingredients that 

comprise: (i) a protein component that comprises a plant-derived protein material, wherein the 

protein component is at an amount that is no more than about 90% by weight of the dry 

ingredients; (ii) a carbohydrate component at an amount that is in the range of about 2 to about 

50% by weight of the dry ingredients; and (iii) a lipid component at an amount that is in the 

range of about 0.1 to about 5% by weight of the dry ingredients; and (b) wet ingredients that 

comprise water (Abstract, [0013]). Hsieh et al. disclose wherein the protein component may also 

include animal meat, including beef ([0079]). 
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As evidenced by Dinh et al., beef is known to comprise; (a) the free amino acids, 

cysteine, cysteine, and methionine (p. 125/Table I); and (b) the reducing sugars, glucose, 

glucose-6-phosphate, fructose and ribose (p. 126/Table 2). 

Page 6 

Given Hsieh et al. disclose a structured plant protein product comprising animal meat, 

e.g. beef, it necessarily follows, cooking the structured plant protein product, wherein cooking 

includes heating to a temperature of 150°C for about 3 to about 5 minutes, results in the 

production of the claimed meat associated aroma compounds. 

While Hsieh et al. does not disclose the precise amount of free amino acid or reducing 

sugar in the added animal meat (e.g. beef) and thus the final structured plant protein product, 

given beef is known to comprise free amino acids including cysteine, cysteine and methionine 

and reducing sugars including glucose, glucose-6-phosphate, fructose and ribose, since beef 

would necessarily exhibit beef flavor when cooked, one of ordinary skill in the art would have 

adjusted to the amount of added animal meat, and therefore the amount of free amino acid and 

reducing sugar, to obtain the desired beef or meat-like flavor. 

Hsieh et al. is silent with respect to a plant, yeast, fungal, or bacterial heme-containing 

protein. 

Proulx et al. teach that iron deficiency is a major nutritional problem and fortification of 

foods with iron has been a successful strategy for improving iron content of foods (p. 

1518/Introduction). Proulx et al. teach that iron bioavailability is higher from heme iron sources 

because of lack of inhibition from chelating compounds (p. 1518/Introduction). Proulx et al. 

teach that heme iron in the human diet is almost exclusively from animal sources and its intake 

has been shown to have a positive correlation with iron status (p. 1520/Results and Discussion). 

Proulx et al. teach that the incorporation of animal sourced heme iron is often unfeasible because 
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of economic costs and because cultural and religious barrier forbid the consumption of meat (p. 

1520-1521/Results and Discussion). 

Proulx et al. teach that heme iron in the human diet is generally present in animal sources 

as part of hemoglobin and myoglobin but is also found in many invertebrates, bacteria, fungi and 

in the plant kingdom (p. 1518/Introduction). Proulx et al. teach leghemoglobin is a heme protein 

identified in soybean root nodules (p.1518/Introduction). Proulx et al. disclose a purified 

leghemoglobin protein (i.e. 73% by weight in the extract - p. 1520/Results and Discussion). 

Proulx et al. teach that the bioavailability of hemoglobin from soy root nodules is similar to that 

of heme iron from animal sources (p. 1521/Results and Discussion). Proulx et al. teach using 

plant hemoglobin, i.e. leghemoglobin, as a heme iron source in diets that are consumed by 

humans (p. 1518/Introduction). 

Given Proulx et al. teach that iron deficiency is a major nutritional problem and that 

fortification of foods with iron has been a successful strategy from improving iron content, since 

Proulx et al. teach that bioavailability is higher from heme iron sources including, leghemoglobin 

from soy root nodules, it would have been obvious to one of ordinary skill in the art to have 

fortified the structured plant protein product of Hsieh et al., with leghemoglobin from soy root 

nodules, to obtain a product with improved nutritional status, i.e. bioavailable source of iron. 

One of ordinary skill in the art would have added an amount of the leghemoglobin depending on 

the level of iron fortification desired. 

Regarding claims 32 and 33, modified Hsieh et al. disclose all of the claim limitations as 

set forth above. Given Hsieh et al. disclose that the protein component is texturized in an 

extruder ([0006], [0009]), since Hsieh et al. disclose the protein component includes plant 
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protein, it follows that the structured plant protein product would comprise textured plant (i.e. 

vegetable) protein. 

Regarding claim 37, modified Hsieh et al. disclose all of the claim limitations as set forth 

above. Given Proulx et al. teach leghemoglobin from soybean, intrinsically the plant heme­

containing protein would comprise an amino acid sequence having at least 80% sequence 

identity to a polypeptide set forth in SEQ ID NO: 1-26. 

Regarding claims 42-45, modified Hsieh et al. disclose all of the claim limitations as set 

forth above. Hsieh et al. also disclose wherein the structured plant protein product may comprise 

flavoring agents such as an animal meat flavor, yeast extract, hydrolyzed proteins, glutamic acid 

salts, guanylic acid salts (e.g. guanosine monophosphate - GMP) and inosinic acid salts (e.g. 

inosine monophosphate- IMP) ([0090]) and lipids such as com oil, palm oil, and cottonseed oil 

([0052]). 

Hsieh et al. disclose wherein the structured plant protein product may comprise coloring 

agents, including for example, beta carotene ([0086]). 

Hsieh et al. disclose wherein the structured plant protein product may comprise 

antioxidants, including for example, propyl gallate, alpha tocopherol and caffeic acid ([0089]). 

Hsieh et al. disclose where in the structured plant protein product may comprise a pH­

lowering agent, including for example, citric acid and tartaric acid ([0058]). 

Regarding claims 47 and 48, modified Hsieh et al. disclose all of the claim limitations as 

set forth above. Given Hsieh et al. disclose a structured plant protein product comprising animal 

meat, including beef, it necessarily follows that the product would display the raw and cooked 

color properties as presently claimed. 
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Double Patenting 
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I 1. The nonstatutory double patenting rejection is based on a judicially created doctrine 

grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or 

improper timewise extension of the "right to exclude" granted by a patent and to prevent possible 

harassment by multiple assignees. A nonstatutory double patenting rejection is appropriate where 

the conflicting claims are not identical, but at least one examined application claim is not 

patentably distinct from the reference claim(s) because the examined application claim is either 

anticipated by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 

140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 

2010 (Fed. Cir. 1993); In re Langi, 759 F.2d 887,225 USPQ 645 (Fed. Cir. 1985); In re Van 

Ornum, 686 F.2d 937,214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 

(CCPA 1970); In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR l.32l(c) or l.32l(d) may 

be used to overcome an actual or provisional rejection based on nonstatutory double patenting 

provided the reference application or patent either is shown to be commonly owned with the 

examined application, or claims an invention made as a result of activities undertaken within the 

scope of a joint research agreement. See MPEP § 717 .02 for applications subject to examination 

under the first inventor to file provisions of the AIA as explained in MPEP § 2159. See MPEP 

§§ 706.02(1)(1) - 706.02(1)(3) for applications not subject to examination under the first inventor 

to file provisions of the AIA. A terminal disclaimer must be signed in compliance with 37 CFR 

l.32l(b). 

The USPTO Internet website contains terminal disclaimer forms which may be used. 

Please visit www.uspto.gov/patent/patents-forms. The filing date of the application in which the 
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form is filed determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or 
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PTO/AIA/26) should be used. A web-based eTerminal Disclaimer may be filled out completely 

online using web-screens. An eTerminal Disclaimer that meets all requirements is auto­

processed and approved immediately upon submission. For more information about eTerminal 

Disclaimers, refer to www.uspto.gov/patents/process/file/efs/guidance/eTD-info-I.jsp. 

12. Claims 31-53 are rejected on the ground of nonstatutory double patenting as being 

unpatentable over claims 31-50 of U.S. Patent No. 10,327,464. Although the claims at issue 

are not identical, they are not patentably distinct from each other. 

U.S. Patent No. 10,327,464 is directed to a ground beef-like food product 

comprising heme-containing protein, a compound selected from glucose, ribose, fructose, 

lactose, xylose, arabinoise, glucose-6-phosphate, maltose and galactose, and mixtures of two or 

more thereof; and at least 10 mM of a compound selected from cysteine, cysteine, 

selenocysteine, thiamine, methionine and mixtures of two or more thereof, one or plant proteins, 

wherein the ground beef like food product contains no animal product; and wherein upon 

cooking the ground beef-like food product results in the production of at least two volatile 

compounds which have a beef-associated aroma (claim 31). While the present claims are 

directed to a meat-like food product, given a meat-like food product is considered to encompass 

ground beef-like food products, the claimed subject matter of the present claim set is considered 

obvious from claims 31-50 of U.S. Patent No. 10,327,464. 

13. Claims 31-53 are rejected on the ground of nonstatutory double patenting as being 

unpatentable over claims 31-49 of U.S. Patent No. 9,826,772. Although the claims at issue 

are not identical, they are not patentably distinct from each other. 
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U.S. Patent No. 9,826,772 is directed to a ground beef-like food product 

Page 11 

comprising heme-containing protein, a compound selected from glucose, ribose, fructose, 

lactose, xylose, arabinoise, glucose-6-phosphate, maltose and galactose, and mixtures of two or 

more thereof; and at least IO mM of a compound selected from cysteine, cysteine, 

selenocysteine, thiamine, methionine and mixtures of two or more thereof, one or plant proteins, 

wherein the ground beef like food product contains no animal product; and wherein upon 

cooking the ground beef-like food product results in the production of at least two volatile 

compounds which have a beef-associated aroma (claim 31). While the present claims are 

directed to a meat-like food product, given a meat-like food product is considered to encompass 

ground beef-like food products, the claimed subject matter of the present claim set is considered 

obvious from claims 31-49 of U.S. Patent No. 9,826,772. 

14. Claims 31-53 are rejected on the ground of nonstatutory double patenting as being 

unpatentable over claims 1-20 of U.S. Patent No. 9,808,029. Although the claims at issue are 

not identical, they are not patentably distinct from each other. 

U.S. Patent No. 9,808,029 is directed to a ground beef-like food product 

comprising heme-containing protein, a compound selected from glucose, ribose, fructose, 

lactose, xylose, arabinoise, glucose-6-phosphate, maltose and galactose, and mixtures of two or 

more thereof; and at least 10 mM of a compound selected from cysteine, cysteine, 

selenocysteine, thiamine, methionine and mixtures of two or more thereof, one or plant proteins, 

wherein the ground beef like food product contains no animal product; and wherein upon 

cooking the ground beef-like food product results in the production of at least two volatile 

compounds which have a beef-associated aroma (claim 1). While the present claims are directed 
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to a meat-like food product, given a meat-like food product is considered to encompass ground 

beef-like food products, the claimed subject matter of the present claim set is considered obvious 

from claims 1-20 of U.S. Patent No. 9,808,029. 

15. Claims 31-53 are rejected on the ground of nonstatutory double patenting as being 

unpatentable over claims 1-8 and 11-23 of U.S. Patent No. 9,700,067. Although the claims at 

issue are not identical, they are not patentably distinct from each other. 

U.S. Patent No. 9,700,067 is directed to a ground beef-like food product 

comprising heme-containing protein, a compound selected from glucose, ribose, fructose, 

lactose, xylose, arabinoise, glucose-6-phosphate, maltose and galactose, and mixtures of two or 

more thereof; and at least 10 mM of a compound selected from cysteine, cysteine, 

selenocysteine, thiamine, methionine and mixtures of two or more thereof, one or plant proteins, 

wherein the ground beef like food product contains no animal product; and wherein upon 

cooking the ground beef-like food product results in the production of at least two volatile 

compounds which have a beef-associated aroma (claim 1). While the present claims are directed 

to a meat-like food product, given a meat-like food product is considered to encompass ground 

beef-like food products, the claimed subject matter of the present claim set is considered obvious 

from claims 1-8 and 11-23 of U.S. Patent No. 9,700,067. 

16. Claim 31-53 are provisionally rejected on the ground of nonstatutory double 

patenting as being unpatentable over claims 31-50 of copending Application No. 

15/913,018. Although the claims at issue are not identical, they are not patentably distinct 

from each other. Claim 31 of copending Application No. 15/913,018 is directed to a meat-like 
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food product comprising, one or more plant proteins; and a source of a heme-containing protein, 

a compound selected from glucose, ribose, fructose, lactose, xylose, arabinose, glucose-6-

phosphate, maltose, and galactose, and mixtures of two or more thereof; a compound selected 

from cysteine, cysteine, thiamine, methionine, and mixtures of two or more thereof in a 

concentration of at least 1.5 mM; and wherein cooking the meat-like food product results in the 

product of at least two volatile compounds which have a meat-associated aroma. This reference 

makes obvious the claimed meat-like composition of the present application (claim 31) which 

requires all of the same components. 

This is a provisional nonstatutory double patenting rejection because the patentably 

indistinct claims have not in fact been patented. 

17. Claims 31, 33, 34 and 46-53 are provisionally rejected on the ground of nonstatutory 

double patenting as being unpatentable over claims 2, 3, 5-8, 13 and 14 of copending 

Application No. 16/238,802. Although the claims at issue are not identical, they are not 

patentably distinct from each other. 

Claim 2 of copending Application No. 16/238,802 is directed to a meat replica matrix 

comprising one or more plant proteins; 0.01 % -5% of a non-animal heme-containing protein, a 

sugar selected from selected from glucose, ribose, fructose, xylose, arabinose, maltodextrin and 

combinations thereof; at least one compound selected from cysteine, cysteine, thiamine, 

methionine; and wherein cooking the meat replica matrix, at least two volatile compounds are 

generated that are associated with a meat-like aroma. While the present claims are directed to a 

meat-like food product, given a meat-like food product is considered to encompass a meat 



Motif Exhibit 1150, Page 1131 of 1599

Case No.: IPR2023-00206 
U.S. Patent No. 11,224,241

Application/Control Number: 15/913,090 
Art Unit: 1796 

Page 14 

replica matrix, the claimed subject matter of the present claim set is considered obvious from 

claims 2, 3, 5-8, 13 and 14 of U.S. Application No. 16.238,802. 

This is a provisional nonstatutory double patenting rejection because the patentably 

indistinct claims have not in fact been patented. 

Conclusion 

18. 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 on M-F: 8 a.m. - 4 p.m .. 

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 an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see https://ppair-my.uspto.gov/pair/PrivatePair. Should you have questions on access to 

the Private PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll­

free ). If you would like assistance from a USPTO Customer Service Representative or access to 
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the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000. 

/ELIZABETH GWARTNEY I 
Primary Examiner, Art Unit 1796 

ELIZABETH A. GWARTNEY 
Primary Examiner 
Art Unit 1791 
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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 souree of composition comprising a heme-containing protein, wherein 

the heme-containing protein is free of animal heme-containing proteins and wherein the -settfee 

of the heme eontaining protein 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; 

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; [[and]] 

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 comprises a textured vegetable protein. 

33. (Previously Presented) The meat-like-food product of claim 31, wherein the texture 

vegetable protein is textured soy protein. 

34. (Previously Presented) The meat-like-food product of claim 31, wherein the source of 

the heme-containing protein comprises at least 70% of the heme-containing protein on a dry 

weight basis. 
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35. (Previously Presented) The meat-like-food product of claim 31, wherein the source of 

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. (Previously Presented) The meat-like-food product of claim 31, wherein the glucose, 

ribose, fructose, lactose, xylose, arabinose, glucose-6-phosphate, maltose, and galactose, or 

mixtures of two or more thereof is added to a concentration of about 5.6 to about 20 mM. 

39. (Previously Presented) The meat-like-food product of claim 31, wherein the cysteine, 

cystine, thiamine, methionine, and mixtures of two or more thereof is added to a concentration of 

at least 10 mM. 

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 

adding 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 

adding 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 

adding one or more of a vegetable oil, an algal oil, sunflower oil, corn 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 

adding 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. (Currently Amended) The meat-like-food product of claim 31, wherein cooking the 

meat-like-food product results in the production of at least five volatile compoundG v,hieh have a 

mca-t assoeia-tcd aromaselected from the group consisting of O-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-
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tri decen-1-ol, (E)-3-penten-2-one, (E)-4-octene, (E)-5-decene, (E,E)-3, 5-octadi en-2-one, (Z)-2-

decenal, (Z)-2-heptenal, (Z)-3-decen-l-ol, acetate, [(methylsulfonyl)methyl]-benzene, l­

(ethylthio)-2-(methylthio)-buta-l,3-diene, 1-(methylthio)-propane, 1, l '-0,2-cyclobutanediyl)bis­

ci s-benzene, 1, 10-undecadi ene, 1, 3, 5-cycl oheptatri ene, 1, 3-bi s( 1, 1-dimethy 1 ethy 1 )-benzene, 1, 3-

dii sopropoxy-1,3-dimethy 1-1, 3-di silacycl obutane, 1,3-dimethy I-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-pentamethy I-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-decadi enal, 2, 4-dimethy 1-1-heptene, 2, 5-

dimethy 1-pyrazine, 2-acetatyl-1-propene, 2-acetyl-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-methyl-l(H)-pyrrole, 2-methyl-1-heptene, 

2-methyl-1-penten-l-one, 2-methyl-3-(methylthio) 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-

tri decen-1-ol, 2-undecanone, 2-undecenal, 3-( methy 1 thi o )-propaneni tril e, 3-(pheny lmethy 1 )-2, 5-

pi perazinedi one, 3,3 '-dithiobis-2-methyl-furan, 3,5-bis(l, 1-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-guinolinecarboxaldehyde, 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. (Currently Amended) 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 v;hieh have a 

mea-t assoeia-ted aromaselected from the group consisting of O-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-

tri decen-1-ol, (E)-3-penten-2-one, (E)-4-octene, (E)-5-decene, (E,E)-3, 5-octadi en-2-one, (Z)-2-

decenal, (Z)-2-heptenal, (Z)-3-decen-l-ol, acetate, [(methylsulfonyl)methyl]-benzene, l­

(ethylthio)-2-(methylthio)-buta-l,3-diene, 1-(methylthio)-propane, 1, l '-O,2-cyclobutanediyl)bis­

ci s-benzene, 1, 10-undecadi ene, 1, 3, 5-cycl oheptatri ene, 1, 3-bi s( 1, 1-dimethy 1 ethy 1 )-benzene, 1, 3-

dii sopropoxy-1,3-dimethy 1-1, 3-di silacycl obutane, 1,3-dimethy I-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-pentamethy I-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-decadi enal, 2, 4-dimethy 1-1-heptene, 2, 5-

dimethy 1-pyrazine, 2-acetatyl-1-propene, 2-acetyl-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-methyl-l(H)-pyrrole, 2-methyl-1-heptene, 

2-methyl-1-penten-l-one, 2-methyl-3-(methylthio) furan, 2-methyl-3-furanthiol, 2-methyl-5-

(methylthio)-furan, 2-methyl-butanal, 2-methyl-cyclopentanone, 2-methyl-furan, 2-methyl-
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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-

tri decen-1-ol, 2-undecanone, 2-undecenal, 3-( methy 1 thi o )-propaneni tril e, 3-(pheny lmethy 1 )-2, 5-

pi perazinedi one, 3,3 '-dithiobis-2-methyl-furan, 3,5-bis(l, 1-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-guinolinecarboxaldehyde, 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. (Currently Amended) 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 Wffi€ft 
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have a mea-t asseeia-tea aremaselected from the group consisting of O-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-tri decen-1-ol, (E)-3-penten-2-one, (E)-4-octene, (E)-5-decene, (E,E)-3, 5-octadi en-

2-one, (Z)-2-decenal, (Z)-2-heptenal, (Z)-3-decen-l-ol, acetate, [(methylsulfonyl)methyl]­

benzene, l-(ethylthio)-2-(methylthio)-buta-l,3-diene, 1-(methylthio)-propane, 1, l '-(1,2-

cycl obutanedi y 1 )bi s-ci s-benzene, 1, 10-undecadi ene, 1,3, 5-cycl oheptatriene, 1,3-bi s( 1, 1-

dimethy 1 ethy 1 )-benzene, l ,3-diisopropoxy-l ,3-dimethyl-1,3-disilacyclobutane, 1,3-dimethyl­

benzene, l -decen-3-one, 1-heptanol, 1-hepty 1-1,2,3, 4-tetrahydro-4-methy 1-naphthal ene, 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-pentamethy I-heptane, 2,3 ,4-trimethy 1-pentane, 

2, 3-butanedione, 2,3-dihydro-5-methy 1-furan, 2,3-dimethy 1-pyrazine, 2,4-decadi enal, 2,4-

dimethy 1-1-heptene, 2, 5-dimethy 1-pyrazine, 2-acetaty 1-1-propene, 2-acety 1-propen-2-ol, 2-

acetyl thiazol e, 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 thio) 

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-guinolinecarboxaldehyde, 5-(2-

chloroethyl)-4-methylthiazole, 5-ethenyl -4-methyl-thiazole, 5-ethyldihydro-2(3H)-furanone, 5-
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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. 

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. 
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Amendments to the Drawings: 

Attorney Docket: 38767-0015008 

The attached replacement sheet of drawings includes changes to Fig. 2 and replaces the original 
sheet including Fig. 2. 

In Figure 2, the y-axis is now labeled. 

Attachments following last page of this Amendment: Replacement Sheet (1 pages) 
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REMARKS 

Applicants respectfully request entry of the amendments and remarks submitted herein. 

Claims 31 and 49-51 have been amended. Support for new claim amendments can be found in 

US 2018/0199606 at least at paragraph [0062], paragraph [0068], Table 3; Table 8; Table 9; 

Table 12; Table 14; Table 16; Table 17; and Table 18. No new matter has been introduced by 

these amendments. 

Claims 31-53 are currently pending. Reconsideration of the pending claims and 

allowance of the same are respectfully requested. 

Drawings 

The drawings are objected to because the Examiner indicated that Figure 2 does not 

contain a label for the Y-axis. Filed herewith is a Replacement Sheet for FIG. 2 addressing the 

present rejection. Reconsideration and withdrawal of the objection is requested. 

Double Patenting 

Claims 31-53 are rejected on the ground of nonstatutory double patenting as allegedly 

being unpatentable over claims 31-50 of U.S. Patent No. 10,327,464. According to the Examiner, 

although the claims at issue are not identical, they are not patentably distinct from each other. 

The Examiner recites the following: "[c]laims 31-53 are rejected on the ground of 

nonstatutory double patenting as being unpatentable over claims 31-50 ... . ". Applicant believes 

that this was a typographical error and assumes that the Examiner intended to reject claims 31-53 

over claims 1-34 of U.S. Patent No. 10,327, 464. 

Without conceding to the merits of the rejection, Applicant will file a terminal disclaimer 

over U.S. Patent No. 10,327,464, thus rendering the rejection moot. Applicant therefore requests 

that the rejection of claims 31-53 be withdrawn. 
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Claims 31-53 are rejected on the ground of nonstatutory double patenting as allegedly 

being unpatentable over claims 31-49 of U.S. Patent No. 9,826,772. According to the Examiner, 

although the claims at issue are not identical, they are not patentably distinct from each other. 

The Examiner recites the following: "[c]laims 31-53 are rejected on the ground of 

nonstatutory double patenting as being unpatentable over claims 31-50 ... . ". Applicant believes 

that this was a typographical error and assumes that the Examiner intended to reject claims 31-53 

over claims 1-19 of U.S. Patent No. 9,826,772. 

Without conceding to the merits of the rejection, Applicant will file a terminal disclaimer 

over U.S. Patent No. 9,826,772, thus rendering the rejection moot. Applicant therefore requests 

that the rejection of claims 31-53 be withdrawn. 

Claims 31-53 are rejected on the ground of nonstatutory double patenting as allegedly 

being unpatentable over claims 1-20 of U.S. Patent No. 9,808,029. According to the Examiner, 

although the claims at issue are not identical, they are not patentably distinct from each other. 

Without conceding to the merits of the rejection, Applicant will file a terminal disclaimer 

over U.S. Patent No. 9,808,029, thus rendering the rejection moot. Applicant therefore requests 

that the rejection of claims 31-53 be withdrawn. 

Claims 31-53 are rejected on the ground of nonstatutory double patenting as allegedly 

being unpatentable over claims 1-8 and 11-23 of U.S. Patent No. 9,700,067. According to the 

Examiner, although the claims at issue are not identical, they are not patentably distinct from 

each other. 

Without conceding to the merits of the rejection, Applicant will file a terminal disclaimer 

over U.S. Patent No. 9,700,067, thus rendering the rejection moot. Applicant therefore requests 

that the rejection of claims 31-53 be withdrawn. 

Claim 31-53 are provisionally rejected on the ground of nonstatutory double patenting as 

allegedly being unpatentable over claims 31-50 of copending Application No. 15/913,018. 

According to the Examiner, although the claims at issue are not identical, they are not patentably 

distinct from each other. 
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Without conceding to the merits of the rejection, Applicant will file a terminal disclaimer 

over copending Application No. 15/913,018, thus rendering the rejection moot. Applicant 

therefore requests that the rejection of claims 31-53 be withdrawn. 

Claims 31, 33, 34 and 46-53 are provisionally rejected on the ground of nonstatutory 

double patenting as allegedly being unpatentable over claims 2, 3, 5-8, 13 and 14 of copending 

Application No. 16/238,802. According to the Examiner, although the claims at issue are not 

identical, they are not patentably distinct from each other. 

Without conceding to the merits of the rejection, Applicant will file a terminal disclaimer 

over copending Application No. 16/238,802, thus rendering the rejection moot. Applicant 

therefore requests that the rejection of claims 31-53 be withdrawn. 

Rejections under 35 U.S.C. § 112 

Claims 31-53 are rejected under 35 U.S.C. § 112 (pre-AIA), first paragraph, as allegedly 

failing to comply with the written description requirement. According to the Examiner, the 

claim(s) contains subject matter which was not described in the specification in such a way as to 

reasonably convey to one skilled in the relevant art that the inventor(s), at the time the 

application was filed, had possession of the claimed invention. Applicant respectfully traverses 

the rejection. 

The Examiner objected to the phrase "meat-like food product" recited in claims 31-53, 

alleging "[w]hile the present specification is broadly directed to creating meat-like flavor in 

animal or non-animal based food product, including food products in the form of hot dogs, 

burgers, ground meat, sausages, steaks, filets, roasts, breasts, thighs, wings, meatballs, meatloaf, 

bacon, strips, fingers, nuggets, cutlets or cubes ([0010]-[001 l]), there is no description of a 

'meat-like food product"'. Office Action at page 3. Without conceding the appropriateness of 

the rejection, and solely in the interest of advancing prosecution, Applicant has amended claim 

31 to recite "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". The amended claims have written description support in the specification as filed at least 

on page 4, lines 26-28, among other locations throughout the specification. 
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As such, Applicant respectfully submits that claims 31-53, as amended, have written 

description support. Accordingly, Applicant respectfully requests reconsideration and withdrawal 

of the rejections under 35 U.S.C. § 112. 

Claims 31-50 are rejected under 35 U.S.C. § 112 (pre-AIA), second paragraph, as 

allegedly being indefinite for failing to particularly point out and distinctly claim the subject 

matter which the Applicant regards as the invention. Applicant respectfully traverses the 

rejection. 

The Office Action states on page 4, "[c]laims 31-50 are rejected under 35 U.S.C. § 

l 12(b ) ... ". Applicant believes that this was a typographical error and assumes that the Examiner 

intended to reject claims 31-53. 

The Examiner objected to the phrase "meat-like food product" recited in claims 31-53, 

alleging "[i]t is not clear what properties define a meat-like food product". Without conceding 

the appropriateness of the rejection, and solely in the interested of advancing prosecution, 

Applicant has amended claims 31-53 to recite "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". Support for the amendment can be found in the 

specification as filed at, at least on page 4, lines 26-28, among other locations throughout the 

specification. 

As such, Applicant respectfully submits that claims 31-53, as amended, particularly 

points out and distinctly claims the subject matter. Accordingly, Applicant respectfully requests 

reconsideration and withdrawal of the rejections under 35 U.S.C. § 112. 

Rejections under 35 U.S.C. § 103 

Claims 31-53 are rejected under pre-AIA 35 U.S.C. § 103(a) as being allegedly 

unpatentable over Hsieh et al. (US 2012/0093994) in view of Proulx et al. ("Iron Bioavailability 

of Hemoglobin from Soy Root Nodules Using a Caco-2 Cell Culture Model" - J. Agric. Food 

Chem." 2006, p. 1518-1522) as evidenced by Dinh et al. (Effects of USDA quality grade and 

cooking on water-soluble precursors of beef flavor", Meat Science, Volume 146, December 

2018,pp. 122-130). 
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Applicant respectfully traverses the rejection. Without acceding to the merits of the 

rejection and solely to advance prosecution, Applicant has herein amended claim 31 to recite, in 

part: 

31. 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 
heme-containing protein is free of animal heme-containing proteins and 
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; 

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 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. 

None of the cited references, alone or in any combination, disclose or suggest this combination 

of features. 

The Examiner has cited the Hsieh abstract, and paragraphs [0013], and [0079] as relevant 

to a plant containing protein, however, Hsieh fails to disclose or even suggest the limitations of 

the amended claims. Hsieh describes, "(a) dry ingredients that comprise: (i) a protein component 

that comprises a plant-derived protein material, wherein the protein component is at an amount 

that is no more than about 90% by weight of the dry ingredients; (ii) a carbohydrate component 

at an amount that is in the range of about 2 to about 50% by weight of the dry ingredients; and 

(iii) a lipid component at an amount that is in the range of about 0.1 to about 5% by weight of the 

dry ingredients; and (b) wet ingredients that comprise water". (Abstract). Hsi eh further discloses 

that the protein component can include animal meat, including beef (paragraph [0079]). The 

Examiner asserts that "a structured plant protein product comprising animal meat, e.g. beef, it 

necessarily follows, wherein cooking the structured plant protein product, wherein cooking 

includes heating to a temperature of l 50°C for about 3 to about 5 minutes, results in the 
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production of the claimed meat associated aroma compounds". (Office Action, Page 6). 

However, the Examiner acknowledges that Hsieh, "does not disclose the precise amount of free 

amino acid or reducing sugar in the added animal meat (e.g., beef)". (Office Action, page 6). 

The Examiner has cited Dinh (Page 125, Table 1) and (Page 126, Table 2) as evidence to 

indicate that beef comprises amino acids and reducing sugars. The Examiner states, "evidenced 

by Dinh et al., beef is known to comprise; (a) the free amino acids, cysteine, cysteine, and 

methionine (p. 125/Table 1); and (b) the reducing sugars, glucose, glucose-6-phosphate, fructose 

and ribose (p. 126/Table 2)". (Office Action, Page 6). 

That is, Hsieh appears to disclose a structural plant protein product comprising animal 

meat ( e.g., beef). The Examiner proposes that Dinh provides evidence that the structural plant 

protein product of Hsieh when including animal meat ( e.g., beef) would include reducing sugars 

and amino acids. However, neither Hsieh nor Dinh disclose or suggest, "a composition 

comprising a heme-containing protein, wherein the heme-containing protein is free of 

animal heme-containing proteins", as recited by claim 31. At least because the structural plant 

protein product comprising animal meat ( e.g., beef) is not free of animal heme-containing 

proteins. 

Further, the Examiner has acknowledged that Hsieh is silent with respect to a heme 

protein. The Examiner states, "Hsieh et al. is silent with respect to a plant, yeast, fungal, or 

bacterial heme-containing protein". (Office Action, Page 6). 

Proulx is cited as disclosing a heme protein in a food product (i.e., a tortilla). Proulx does 

not cure the deficiencies of Hsieh and Dinh. In contrast to its silence with respect to adding a 

heme-containing protein for any reason, let alone a heme-containing protein from a non-animal 

source, Hsieh affirmatively teaches the inclusion of animal meat to improve the animal flavor of 

its meat analogs. See, for example, paragraphs [0033] and [0079] - [0081]. In fact, Hsieh 

directly correlates the degree of animal flavor in the meat analog with the amount of animal meat 

present. See, for example, paragraph [0084], which states that: 

when a significantly vegetarian composition that has a relatively small degree of 
animal flavor is desired, the concentration of animal meat in a meat analog 
composition may be about 45%, about 40%, about 35%, about 30%, about 25%, 
about 20%, about 15%, about 10%, about 5%, about 2%, or 0% by weight. 
Alternatively, when a meat analog composition have a relatively high degree of 
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animal meat flavor is desired, the concentration of animal meat may be about 
50%, about 55%, about 60%, about 65%, about 70% or about 75%, by weight. 

The teachings of Hsieh do not support the Examiner's assertion that it would be obvious to 

modify the meat analog of Hsieh to include the non-animal leghemoglobin of Proulx. In fact, the 

meat analog of Hsieh would inherently contain heme by the addition of beef to the meat analog. 

As such, there would be no reason for Hsieh to modify their meat analog to contain heme from a 

non-animal source. Further, the Examiner does not provide any evidence that a person of 

ordinary skill would have had a motivation to combine Hsieh, Dinh, and/or Proulx with a 

reasonable expectation of success. 

The Proulx Thesis, which is a later reference by the same author as the primary Proulx 

reference used by the Office, states that: 

[f]ortification [with] iron has a potential negative effect on organoleptic quality of 
maize products, in that soluble forms of iron can cause oxidative rancidity 

(Proulx, 2007, Diversified strategies for improving iron bioavailability of maize, Retrospective 

Theses and Dissertations, Iowa State University, Paper 15852, page 20, emphasis added; 

hereinafter the "Proulx Thesis"). 

One of ordinary skill would understand from Proulx' s own later teachings that the 

inclusion of supplemental iron can cause changes in the organoleptic qualities of a food, 

including causing the food to taste bad through oxidative rancidity. For example, the Proulx 

Thesis discloses that "[i]ron compounds should be added to the level up to which they do not 

change the organoleptic qualities of the food, usually between 20 ppm and 40 ppm" (see page 

29; emphasis added). In addition, the Proulx Thesis states that "[f]ortification [with] iron has a 

potential negative effect on organoleptic quality of maize products, in that soluble forms of iron 

can cause oxidative rancidity" (see page 20; emphasis added). Given the propensity of iron to 

cause off-flavors when added to food, Hsieh would have no reasonable expectation of success by 

fortifying their meat analog with additional iron. 

The Examiner has pointed to nothing in Hsieh to reasonably support that a person of 

ordinary skill in the art would have a reason to modify the meat analogs of Hsieh by adding a 

heme-containing protein from a non-animal source (i.e., a heme-containing protein that is free of 
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anima hele-containing proteins). Instead, Hsieh teaches to those skilled in the art that in order to 

improve meat taste of meat analog, one would add meat to the meat analog. 

The cited references do not disclose or even suggest each and every limitation of 

independent claim 31. The Hsieh, Dinh, and Proulx references do not disclose or suggest, "a 

composition comprising a heme-containing protein, wherein the heme-containing protein is 

free of animal heme-containing proteins" as recited in claim 31, as amended. Hsieh is silent as 

to modifying its meat analogs to include heme from non-animal sources and for at least the 

reasons stated above, the Proulx reference does not cure the deficiencies of the Hsieh reference. 

As such, Applicant respectfully submits that Hsieh, Dinh, and Proulx, individually or in 

any combination, do not disclose or even suggest each and every limitation of independent claim 

31, as amended. None of these references discloses or suggests a composition comprising a 

heme-containing protein, wherein the heme-containing protein is free of animal heme-containing 

proteins. Accordingly, Applicant respectfully requests reconsideration and withdrawal of the 

rejections under 35 U.S.C. § 103. 
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CONCLUSION 

It is believed that all of the pending claims have been addressed and the claims are in 

condition for allowance. 

The undersigned welcomes the opportunity to further discuss by telephone any position 

or issue not fully addressed by the above remarks and amendments. 

The fees for extension of time are being paid with this reply on the Electronic Filing 

System. Apply those fees and any other necessary charges or credits to Deposit 

Account 06-1050, referencing the above attorney docket number. 

Date: November 12 2020 

Customer Number 26191 
Fish & Richardson P.C. 
Telephone:+ 1 (612) 638-5707 
Facsimile: (877) 769-7945 

62324678.doc 

Respectfully submitted, 

/Kimberly M. Maize, Reg. No. 76,370/ 

Kimberly M. Maize 
Reg. No. 76,370 
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New International AQQlication 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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Meat product analogue 

Abstract 

1 An 3:':3k;{~:J:1 ~:-r:·"Jd:J:";t c:,f m:i;:t e:entt:ining 3 :;o:-nt";int:tit:r: :.1{ a d:'y ccr,':pO•"":ent, t: ~:q:.:id. t: so;.::---.';e 

cf 3 mcr.cv,:!c:a:. C3~.:cr.if; ca:t~nnate -.-K bic3rb:..1no!.~: 3!1d t:n aG:d ccrnpcr.ent of a d:en:i,.';o;j baking 

powder, -...vhere i3 d:·y f:S:'Hl:por:c::11 ho;1ln(: a p:-n-t~-:in cor.t0r.!. ccnt3in:-~ a sot..:rce cf i3 d:y r.•r:.1te!n 

C•Jn!il';,;I,q sdfor: the l;r,uid ccr.tzins wzt:;,~ z sc,;;rc" c,f m,:,;;c-v<1ier.t Cilti•Jn;c czrbonet:;, or 

bicarbonate Bnd th<; acidic c,:,mpm1"r,t ,:,; th<; ,:hemicel ~"king pcw,j,3, ,:,f th<; !•2st ar,2 pr;;sent ir. B 

ratic cf abcut 1: 2~:: 4 by ·.,r..,·e:ght.: ~,n,:; t~;e me-at a:1a!cgue prcdu-:.:\ ,:.:-:.-int~;ns a pk.ir-.~l;ty of grooved 

and detachabl~ aligned fii_,.;r,; ic, the product.! 2 Ti,~ meat analcgL:e ;.1r,xiucc:. ,Jf daim ·1. ft.:rtber 

c:..1:nprt$:pg a :edLlcing ~g-=r:t l 3. The :ne~t ~::;;;k;gue pt·0duct 2.cc:.:Hl"Hng :.o daim ·:, \1.Jhe:-e tbe dry 

c:.1:npGn*::t cent8in~ 0 4·'4. B wt.%/', :::cure!'.:'. Gf n-:cr:c:~18.!e:lt :..::::~_:01:ic c2.rbon2.t~ nr bk::::r~):.,1:rni.~ 

r~!Bi.i\:B ·::; Hif: tc,:~i -...'i~ight ,-;f t.h~ d:y ct:-n-:po:-:~nt. ~ :1 Th~ mei!t ~:-:~~k.19uB pr:Jd:..K~i. ;:;:c...-;:"°J:"dinc~ t:""> 

d.-:tn-: 1. wt":~r~i:1 i.hB ~)..-m:cf: of Hi* t"':ry ~·K1.:t:-::in :..~o:~i.oini:l(~ ~uUur t:t:ntai:1s g!:J:f::·,, soy p:·ot~in, pB;:;: 

prot~·:ii:i G(~(~ 1,<.,'111'::~:, CJ: i3 rrli:<tur~·: tht:iY:1.":-f. ! 5, The me;3t arjt!!1..-:-qw:: prt--:-du;.:~ sccording to dakn l, 

whert:i:i ths dry cc,r:1:3,:m~nt contai:is 3 :;c•L:fCt! of dry rn~s-:: prott:i:'i ccr:t3ining s:...iih.1:-; or 3 dry 

prc,t•:?m) er s s-:.ui"c-2- c,f f;bi::r c-bt~in~d frc,m \Vho!e g~u;~s, fruits .. v·egetab!es. c,r l!-;i:<ture:s thereof '. t:. 

rhe me~t a~ak>g:Je prod:Jct ac,:::,:.-.fdF~g t•:..◄ da:m 1, \'•.'herein the ~iquid f:Jrt~1•.:r cc-mpr;.ses a s,:.-.uf.:.~•.: of 

fre:;:h or fr.:.1:-.:-.1::n meat a =iGLlr•:..·E of meat processed mtG flour. er ;,.i ir:i)"t:..Fe th-::rn,:..,f,; "?. -fhe meat 

Bnak•g1_:~ produf;t f!ccerdfng te :jojrn ·i .. :.,vber~lri the !:quid. the dry ,_x_:r;'lp•.'•~~r-t, or both ~ddit:cnsl:y 

c:.1rr:ni:"! ene o: :rn:ne hti:ne,~-:..o.,:-:..❖, 8 f;:t $l":t:r(;e, 8 dye. n -fl8\/;,.1: :_:!:s:h::;:1:c~r. a f::::v:""Jrir1g $Ub❖.-:..a:K~~. a 

\:it.:::1:1:r:. G :11i:1~1a:, Gn =,l.:1tkndffar1"t. dr:ed bkiod pbs~-:-i;:, '.~;;It. (':e-x.-:..:e$e. sorbl·!":;!, ❖ -:..a:,~h. ~;(:y p::..1td:s: 

Claims (20} 

Other languages: Russ:;:;,, 

(US)., n:::.K1~·lG .t~>Vt:.;,:::-,.::G, n;Gt:•i~) >~ViPf.•LU:•i ~-iOf-lf:'\·KrfD (U~)), 

f;:f.•f.t-~C• x:.~:"-•f.•U.lt•~ !)1oHn•,•iGTO 

Woddwide applications 

ApplicaUon RU2010137628/13A eYents (1) 

1. A me3t 3r,3lcgue ;;,mJw:: c,,mpr;;;in;i 3 c,1mbi:1,;,;,,n of,, dry cornpon0r.t, ,; liquid, :, source ct 3 rr.cr.cv,;lent c3t;onic ,,amc,na,,, m bIc3cbo113te 3r.d il!l :,cid ccr.-:por.ent cf 

B ,:hemic3I u;i~in;i powd<;', whe'e ;; dry cornponer.t hsv:nq 3 protein ccnt<;nt cc,;;,;i:n& 3 scurce ,:,f ;i dry I:ic,,t;;;n cont3ir.iri9 wlfur; the liqu,;:; contains wat;;r; a scurce cf 

rnc,rc,valent ,:at;c,nl::: c-..'.trbcr:ate or bi,:..:arn,:.1n~~•2 and the zckfo: :::ompo:1er:t of the chemk:ai baking pc-~'•.fder of the test are present ;n a ratic, of ab::>:Jt 1: 2~ 1: 4 by w;_~;ght; znd 

the "1~~; ;;r,alogue prodt.:ct cnntai:ic, a plurality;_,: gccxw,-'d 3nd detacfi;,:_1I,-' ali9nd :t:e-'fc' ;r, the ptoduct. 

3. -n-:e ine;3t :.."1:1~iogue prod:J::.:t zc<.x1:·din9 tu ,_:!aim ·:, where the dry Gor;1:-.K1rv2r;; contains U..-~~,!,8 ·,:~rt.% ,). set.nee ,·_1f :nGnz.--:vaierit :::aticnk~ ca:-bonat ►i o:- bi::::arbor:zte 

: el~;:ve to the tct31 w,;ight of tt,e dry cnn~penent. 

4. T!·:f: :11eat anslc~~ue f,!·odiv;t ,·!ct:,xcHng ~o da!n1 : , •,:vh-:-:-rn!t: t!·:f: so:.:r:.::e of the dry p:ot<;ln cnntain:r.g ;;;:jlf:J: rx,t:talt:s gh.:ter., sny pro~~:r., p-t:a p:-ntt:i:i; f:'(J::J 1,vh:te, o!" :": 

n1ixtur0 therect. 

5 ··n:~ rrir.at 8:"'l~k1~1w::1 p,odu,~:. ;;;,,_:e:-xdlng t:-; dBin~ ·:, wh~:e::: th~ d:-y ct1rc:pcnent c:..1:npris~s. 8 st1un .. ;e :..1f d:y p1~ot p,o-:..~:r: f;:-x,tal::ing Bt:if-.:, o: a r.:,y pr-:i:.~:r; :-x fiber 

sot:rce ;,.1btai:1~d f:;.1rc: whole gr~ins. fr:..i::.❖, V:_:!g~:_:.:;;blr.s, ;,.1: rc:ix.:_:.,i:e❖ ~-h~r~Gf 

6. The me:.3t :.3;--i~lc-gue prod:J:::t scc,:::rding t-::i daim ! 1 ;,1.;he:-e::: the !;quid furt;i,3~ ,::c,mp~is►::s 3 sQ:...nc•3 c,f fres;i c,f froz,3r; mi:::at, a SQU~c-2 c,f ::•fQ-::€:ssed meat er o mixtLlr•2 

the~e•Jf, 

7. The :neat a:1:::IGguP.- p~·:-;d:j:;t ;:cc,1:·din9 -:..,1 cl;·j;n·1 ·:, ·,:\r;-1~rP.-!:-: the 1:q1Jid. the d:y cG:n-:pGP~::rrl". c:t· bot;-s ~dditinna:!y C\1ntai:1 o:s:6 f;f r--:01:_:! hur~:~cl"Hrrl"r::. a fat s;,.1:..i:,~~. 8 dy~. G 

fl::~\1:.1: r::ih;-::":t":er. a f!,-:v:..xing :~ubstan:;e1 o vitf:n-:in1 a ml:-ie:-i4 on arrtk;xida:111 dr:6d t";k,od p-h:1sr!1o;, ~;~1h1 d~x:ro:>r:. so:bi-:..:..1!_ s:;-,rch. soy p:-:;t-Bl:-::"c;, g-Bb":l:-i, :,:r.:ates, 

p;--,oq:hah:s or o fiber srJ:m-:::·:. 

3. -n:e ine~t a:1:;logue prod:J::.:t zcco"C..iing t-..1 •::lairn ·:, where::: ab-..rnt ~!(!~8(!% by :.•velght o-f the pr0tel:: ccntent i:, t::.:: dry ::.:crnpo:-ient is a so:.::-::.:e cf dry prctetn 

,:,:ip~::;:rd:-1g stJfL:r. 

9. ·;-;,,, me3t :cin3lcgu<; ;:,fQGU•:t ,;ccocc!ing to clil;m : • wh<;,<;;;; t!,e dry ccmpcr.ent forthec coniprises a d,y c:cicbohydrste S•J:J,C<3, wh<;,<;;;; the dry C3rbohyd,at<; rnurce 

includes corn st3rch, rnrn f:c,ur, pe3 f1~"r, st3rch, ,:,r m;xtl;r;;s th:;,ceof. 

https://patents.google.com/patent/RU2010137628Afen?oq=RU+2010137628 1/6 
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POCCliil1CKAR <PE,[(EPAU,Irn ( 19) 

(51) MTTK 
A23L 1/00 (2006.0 I) 

<PE,llEPAJihHAR CJIY)K£A 
no HHTEJIJIEKTY AJihHOM COECTBEHHOCTM 

(12) 3A5IBKA HA H30EPETEHHE 

(21 )(22) 3mrnKa: 2010137628/13, 12.02.2009 

TipttopmeT(b1): 
(30) Ko1rnem1HOHHbr(1 np110p1neT: 

12.02.2008 us 61/027,960 

(43) ,Ilarn ny6JIHKaI-11m 1,rnBKH: 20.03.2012 omn. x~ 8 

(85) )],am Ha11a,'1a pacc~mrpe1rnH 1aHBKH PCT na 

HHI_\HO!laJlbHOH ,µa1e: 13.09.2010 

(86) 3a5!BKH PCT: 
us 2009/033925 (12.02.2009) 

(87) TTy6murnu;mr 1aHBKH PCT: 
WO 2009/102869 (20.08.2009) 

A;Ipec ;J)rn nepem1cKH: 

105064, MocKBa, afa 88, "IlitTeHTHhle 

IIOBepeHH:&Ie KBaIIIHHH, Canem,HHKOB H 

napTHepb1", mtT.rroB. B.Il.KBammmy, per.N~ 4 

(54) IlPO)],YKT-AHAnor M5ICA 

(71) 3aHBHTeJJh(H): 

MAPC I1HKOPITOPEMTE,[{ (US) 

(72) ABTOp(bI): 

P A113EP Pa,'lhcp (US). 
IYMY,[{ABEJinli BttHOA (US), 
r3PI16HAH YHJih5!M (US), 
)],)KEMMC n:orottc (US), 
MOHEMOTO Jliorno Xttpourn (US) 

(57) Cf)opMyJia mo6peTemrn 

A 

1. Ilpo,LiyKT-amrnor M51Ca, CO,Ll,ep)Kall]Jfrl C01,teTam1e cyxoro K0MTI0HCHTa, )KHI(KOCTH, 

HCTQqHHKa 0J.\H0BaJieHTH0ro KaTHOHH0ro Kap6oHaTa l1JU1 611Kap60HaTa H KllCJloro 

K0MITOHCHTa XHMH'-lCCK0f0 pa3pbIXJIHTCJ151 TCCTa, r;:i:e cyxoH K0MITOHCHT, HMCIOlll,HH 

C0I(Cp)KaHHC 6eJ1Ka, C0L(Cp)KHT HCT0LIHHK cyxoro 6enKa, CO)];Cp;Karn.ero cepy; )KHI(KOCTb 

co;.iep)KJ-rr Bo;w; HCT04HHK o;.w.oBaJlCHTH0ro KaTHOHHOro Kap6oHaTa HJlH fatKap6omna H 

KHCJ1blH KOMIT0HeHT XHMHlfecrrnro pa3pbIXJUnemr TeCTa rrpHCYTCTBYIOT B COOTHOIJJeHHH 

0K0JI0 1:2-1 :4 TIO Macce; H rrpoI.1,yKT-aHanor M51Ca C0I.1,Cp)T<HT MH0)KeCTB0 TTOKpbITblX 

6op03I(KaMH H OTLl,CJ15ICMbIX Bhlp0BHCHHblX BOJI0K0H B npo;:i:yKTe. 

2. 11pOJ.J,YKT-3HaJ101' M51Ca no n. l, ,IJ;0il0JIHHTeJihH0 C0JJ,ep)K,Ul.(HH BOCCTaHaBJIHBaIOil.(HH 

areHT. 

3. IlpoD,yKT-aHaJIOr M5ICa no n.1, r;:i:e cyxoH K0Mil0HCHT C0L(Cp)Tn1T 0,4-4,8 Mac.% 

HCT0lJHHKa 0I(H0BaJICHTH0ro KaTH0HHOro Kap6oHaTa mm 6ttKap6oHaTa ITO 0THOIJJeHHlO K 

o6mei1 Macce cyxoro KoMnoHeHTa. 

4. □poi1yKT-ammor M5lca no rr.1, r,[(e HCT0T-IHHK cyxoro 6eJ1Ka, co)J;epiKarn.ero cepy, 

C0JJ,Cp)KHT rmoTeH, COCBblll 6eJIOK, ropOXOBblll 6eJIOK, 5IJP-lHhlll 6eJIOK HJHl HX CMeCh. 

5. □poI.1,yKT-airn.110r M5ICa TIO rr.1, r;:1,e cyxoH K0MII0HCHT COI.1,Cp)T<I1T HCT04I-IHK cyxoro 

M5ICH0r0 6eJIKa, co;:i:epiKa1qero cepy, HJIH cyxort 6enoK, HJIH HCT0LIHHK BOJI0KOH, 

rroJiyqeHHbIH H3 qem,Horo 3epHa, tppyKTOB, OBOlll,eH 11m1 HX CMecen. 
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6. Ilpo,nyKT-amurnr MJICa non. l, r,[(e )KHJ],KOCTh JJ,OnOJ1HHTeJ1hHO co;:i;ep)KHT HCTO'IHHK 
CBe)Kero MJIM 3aMOpO)KeHHOI'O M5ICa, HCTOqHHK nepepa6oTaHHOI'O B MYKY l\rnca MJ1H HX 

CMeCH. 
7. Ilpo,nyKT-aHarror M5ICa no n.1, ni:e )KH.IJ:KOCTh, cyxo:t:I KOMnOHeHT HJIH o6a 

)lOITOJIHJ.iTeJTbHO co,n:ep)KaT O,n:MH HJTH 6onee YBJTa)KHHTeJib, HCTOtIHHK )Kttpa, KpaCHTeJib, 

ycmrnTeJib BKyca, BKYCOBOe BeIUeCTBO, BI1TaMHH, MHHeparr, aHTHOKCH.IJ:aHT, BblcyweHHYIO 
ITJTa3MY KpOBH, COJTb, ,neKCTp03Y, cop6ttT, KpaxMan, coeBhie 6eJTKH, )KeJTaTHH, HHTpaThI, 
q>ocq>aTbI MJ1H HCTOqHHK BOJIOKOH. 

8. Ilpo,n:yKT-aHanor MJica no n.1, r;:i;e oKono 30-80 Mac.% co,uep)Kamrn 6errKa B cyxoM 
KOMITOHeHTe cocTaBJIJieT HCToqm1K cyxoro 6enKa, co,i.1,ep)Kamero cepy. 

9. Ilpo,nyKT-aHanor MJICa ITO rr.1, me cyxort KOMITOHeHT ,nonoJTHHTeJibHO co.nep)KHT cyxon: 
HCToqm1K yrneBo;:i:oB, r)le cyxott MCToqnwK yrneBo,n:oB BKJTJOtrneT KYKYPY3HhIH KpaxMan, 

KYKYPY3HYIO MYKY, ropoxoBhre BOJIOKHa, KpaxMan HJIH ttx cMectt. 
10. Ilpo,n:yKT-aHanor MJICa no n.1, me rrpo,uy1<T-aHanor MJICa co,nep)KHT OKorro 25-60 

Mac.% o6rn.ero 6errKa. 
11. Ilpo,nyKT-aHanor MJICa TIO rr.1, me rrpOJIYKT-aHarror MJICa HMeeT pH OKOJIO 6,0-7,8. 
12. Ilpo;:i:yKT-aHarror MJica no n.1, rne rrponyKT-aHanor MJica co,n:ep)KHT )Imp B 

Korrvrqecrne 0,2-20 Mac.%. 
13. Ilpo;:i;yKT-aHanor MJica no rr.1, me npOJIYKT-aHanor wrca co,nep)KHT oKono 25-65 

Mac.% BJTartt. 
14. Cnoco6 norryqemrn npo;:i:yKTa-aHaJrnra MJica, r,n:e cnoco6 npeJJ,ycMaTpHBaeT: 
a) 06be;J;HHem1e HCTO'IHHKa OJ(HOBaJieHTHOro KaTHOHHOro 6ttKap6oHaTa HJIH Kap6oHaTa, 

BOAhI tt cyxoro KoMnoHeHTa, co)::(ep)Karn.ero HCTO'-IHHK 6enKa, co,nep)Kani:ero cepy, B 
ycJIOBH5IX CMeIImBaHIDI C HH3KHM C,Il;BlffOM C rronyqemieM TecToo6pa3HO:fI MaCChI; 

b) HarpeBaHHe TeCT006pa3HOl1 MaCCbI J],O TeMnepaTyphl OKOJIO 100-150°C C IlOJTytieHHeM 

HarpeTOll TeCT006pa3HOll MaCChl; 
c) ITO)::(aqa HarpeTOH TeCT006pa3HOH MaCChT Ha BXOAHOe OTBepcn-Te OXJTa)K)::(aIOrn.ero 

ycTpOHCTBa; 
d) nepeMeIIJ;eHHe HarpeTOH TeCToo6pa3HOH MaCChI qepe3 OXJTa)K)laIOrn.ee ycTpOHCTBO ITO)], 

)::(aBJTeHHeM 50-900 q>yHTOBl.llIOHM2 K BbIXOAHOMY OTBepCTHIO OXJTa)K)IaIOillero ycTpOHCTBa c 
rronyIIeHHeM npo,nyKTa-aHanora MJica, r,ne rrpo,nyKT-aHanor MJica HMeeT TeMrrepaTypy 
o6pa60TKH 100°C MJ1H MeHee Ha BbIXO)::(HOM OTBepCTHH. 

15. Crroco6 no rr.14, r,ne TecToo6pa3Ha5I Macca ,norroJIHHTeJihHO co,nep)KHT 
BOCCTaHaBJIHBalOlll.HH areHT. 

16. Cnoco6 ITO n.14, r)::(e rrpo,n:y1<T-aHarror MJICa co,nep)KHT MHOiKeCTBO IIOKpbITbIX 
6opo3,nKaMH l1 OT;J;eJIJieMhIX BbipOBHeHHbIX BOJ10KOH. 

17. Cnoco6 no n.14, rJ.J,e HarpeTy10 TecToo6pa3HYIO Macey ¢opMHpy10T H HarpeBaIOT B 
ycTpOHCTBe o6pa6oTKH non ,naBJieHHeM c HarpeBOM. 

18. Cnoco6 no n.17, rJ.J,e ycTpOHCTBOM .llJlJI o6pa60TKI1 noJ.J, naBJTeHHeM c HarpeBOM 
5IBJrneTCJI rroprrrneBbIH Hacoc, JJ:BYIIIHeKOBbIH 3KCTpy,nep, 0,[(HOIIIHeKOBblH 3KCTpynep, 
3KCTPY3HOHHbIH H3MeJTblIHTeJTb HJTH nepeMern11Ba10rn.11n: 3KCTpyAep. 

19. Cnoco6 no rr.18, rJ.J,e ycTpOHCTBOM .llJlJI o6pa60TKH ITO,[( naBJTeHHeM c HarpeBOM 

5IBJI5leTCJI O;J;HOIIIHeKOBbIH 3KCTPYAep; H TeCTOo6pa3HYIO Macey q>opMHPYIOT B yCTpOHCTBe 
,llJI5I o6pa60TKH ITO,[( )JaBJieHHeM C HarpeBOM, no,naBaJI )KH,[(KOCTb H cyxon: KOMilOHeHT B 
ycTpOHCTBO AJT5I o6pa60TKH ITO)]. ,naBJICHHCM C HarpcBOM. 

20. Ilpo;:i:yKT-aHarror MJica, nony<reHHhIH cnoco6oM no rr.14. 
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PTO/SB/25 

Doc Code: DIST.E.FILE PTO/SB/26 

Document Description: Electronic Terminal Disclaimer - Filed U.S. Patent and Trademark Office 
Department of Commerce 

Electronic Petition Request TERMINAL DISCLAIMER TO OBVIATE A PROVISIONAL DOUBLE PATENTING 
REJECTION OVER A PENDING "REFERENCE" APPLICATION 
AND TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING REJECTION OVER A 
"PRIOR" PATENT 

Application Number 15913090 

Filing Date 06-Mar-2018 

First Named Inventor Rachel Fraser 

Attorney Docket Number 38767-0015008 

Title of Invention 

METHODS AND COMPOSITIONS FOR AFFECTING THE FLAVOR AND AROMA PROFILE OF 
CONSUMABLES 

~ 
Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstanding 
Office Action 

~ This electronic Terminal Disclaimer is not being used for a Joint Research Agreement. 

Owner Percent Interest 

Impossible Foods Inc. 100 % 

The owner(s) of percent interest listed above in the instant application hereby disclaims, except as provided below, the terminal 
part of the statutory term of any patent granted on the instant application which would extend beyond the expiration date of the 
full statutory term of any patent granted on pending reference Application Number(s) 

16238802 filed on 01/03/2019 

15913018 filed on 03/06/2018 

as the term of any patent granted on said reference application may be shortened by any terminal disclaimer filed prior to the 
grant of any patent on the pending reference application. The owner hereby agrees that any patent so granted on the instant 
application shall be enforceable only for and during such period that it and any patent granted on the reference application are 
commonly owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its 
successors or assigns. 

In making the above disclaimer, the owner does not disclaim the terminal part of any patent granted on the instant application 
that would extend to the expiration date of the full statutory term of any patent granted on said reference application, "as the 
term of any patent granted on said reference application may be shortened by any terminal disclaimer filed prior to the grant of 
any patent on the pending reference application," in the event that any such patent granted on the pending reference 
application: expires for failure to pay a maintenance fee, is held unenforceable, is found invalid by a court of competent 
jurisdiction, is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321, has all claims canceled by a 
reexamination certificate, is reissued, or is in any manner terminated prior to the expiration of its full statutory term as shortened 
by any terminal disclaimer filed prior to its grant. 
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The owner(s) with percent interest listed above in the instant application hereby disclaims, except as provided below, the 
terminal part of the statutory term of any patent granted on the instant application which would extend beyond the expiration 
date of the full statutory term of prior patent number(s) 

9700067 

9808029 

9826772 

10327464 

as the term of said prior patent is presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so 
granted on the instant application shall be enforceable only for and during such period that it and the prior patent are commonly 
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors 
or assigns. 

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on the instant 
application that would extend to the expiration date of the full statutory term of the prior patent, "as the term of said prior patent 
is presently shortened by any terminal disclaimer," in the event that said prior patent later: 
- expires for failure to pay a maintenance fee; 
- is held unenforceable; 
- is found invalid by a court of competent jurisdiction; 
- is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321; 
- has all claims canceled by a reexamination certificate; 
- is reissued; or 
- is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer. 

0 

Terminal disclaimer fee under 37 CFR 1.20(d) is included with Electronic Terminal Disclaimer request. 

I certify, in accordance with 37 CFR 1.4(d)(4), that the terminal disclaimer fee under 37 CFR 1.20(d) 
required for this terminal disclaimer has already been paid in the above-identified application. 

Applicants claims the following fee status: 

Q Small Entity 

Q Micro Entity 

@ Regular Undiscounted 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and 
that such willful false statements may jeopardize the validity of the application or any patent issued thereon. 
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THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES 

I certify, in accordance with 37 CFR 1.4(d)(4) that I am: 

@ An attorney or agent registered to practice before the Patent and Trademark Office who is of record in 
this application 

Registration Number 76370 

Q A sole inventor 

0 

0 

A joint inventor; I certify that I am authorized to sign this submission on behalf of all of the inventors as evidenced by the 
power of attorney in the application 

A joint inventor; all of whom are signing this request 

Signature 
/Kimberly M. Maize, Reg. No. 76,370/ 

Name Kimberly M. Maize 

*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner). 
Form PTO/SB/96 may be used for making this certification. See MPEP § 324. 



Motif Exhibit 1150, Page 1224 of 1599

Case No.: IPR2023-00206 
U.S. Patent No. 11,224,241

Electronic Patent Application Fee Transmittal 

Application Number: 15913090 

Filing Date: 06-Mar-2018 

Title of Invention: 
METHODS AND COMPOSITIONS FOR AFFECTING THE FLAVOR AND AROMA 
PROFILE OF CONSUMABLES 

First Named Inventor/Applicant Name: Rachel Fraser 

Filer: Kimberly M. Maize/Emily Palmer 

Attorney Docket Number: 38767-0015008 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

STATUTORY OR TERMINAL DISCLAIMER 1814 1 170 170 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 
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Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 170 
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Doc Code: DISQ.E.FILE 
Document Description: Electronic Terminal Disclaimer - Approved 

Application No.: 15913090 

Filing Date: 06-Mar-2018 

Applicant/Patent under Reexamination: Fraser 

Electronic Terminal Disclaimer filed on November 12, 2020 

[8J APPROVED 

This patent is subject to a terminal disclaimer 

0 DISAPPROVED 

Approved/Disapproved by: Electronic Terminal Disclaimer automatically approved by EFS-Web 

U.S. Patent and Trademark Office 
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Electronic Acknowledgement Receipt 

EFSID: 41109833 

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: Kimberly M. Maize/Emily Palmer 

Filer Authorized By: Kimberly M. Maize 

Attorney Docket Number: 38767-0015008 

Receipt Date: 12-NOV-2020 

Filing Date: 06-MAR-2018 

Time Stamp: 17:26:30 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type DA 

Payment was successfully received in RAM $170 

RAM confirmation Number E2020ABH26279122 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

38133 

1 Terminal Disclaimer-Filed (Electronic) eTerminal-Disclaimer.pdf no 3 
6a 14d 9ffb5 bbdb8906 7 6d 0063 5 85 df72621 

e7423 

Warnings: 

Information: 

30595 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
297d6b0577e033c31 081 c7c98b 1 c203305d 

6b1df 

Warnings: 

Information: 

Total Files Size (in bytes) 68728 

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 Am:~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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PTO/SB/06 (09-11) 
Approved for use through 1/31/2014. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paoerwork Reduction Act of 1995. no oersons are reauired to resoond to a collection of information unless it disolavs a valid 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD I Application or Docket Number I Filing Date 

I Substitute for Form PTO-875 
15/913,090 03/06/2018 □To be Mailed 

ENTITY: ~ LARGE D SMALL D MICRO 

APPLICATION AS FILED - PART I 

Column 1\ /Column 2\ 
FOR NUMBER FILED NUMBER EXTRA RATE($\ FEE/$\ 

LJ BASIC FEE 
(37 CFR 1.16(a), (b), or (c)) 

N/A N/A N/A 

LJ SEARCH FEE N/A N/A N/A 
(37 CFR 1.16(k), (i), or (m)) 

lJ EXAMINATION FEE N/A N/A N/A 
(37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 
minus 20 = * X $100 = 

(37 CFR 1.16(i)) 

INDEPENDENT CLAIMS 
minus 3 = * X $460 = 

(37 CFR 1.16(h)) 

If the specification and drawings exceed 100 sheets 

□APPLICATION SIZE FEE (37 
of paper, the application size fee due is $310 ($155 
for small entity) for each additional 50 sheets or 

CFR 1.16(s)) fraction thereof. See 35 U.S.C. 41 (a)(1 )(G) and 37 
CFR 1.16(s). 

0 MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL 

APPLICATION AS AMENDED - PART II 

/Column 1\ /Column 2\ /Column 3\ 

CLAIMS HIGHEST 

11/12/2020 
REMAINING NUMBER 

PRESENT EXTRA RATE($) ADDITIONAL FEE($) 
I- AFTER PREVIOUSLY z AMENDMENT PAID FOR w 
::iii: Total * 23 Minus ** 23 =0 X $ 100 = 0 C (37 CFR 1.16(ill 

z Independent * 1 Minus *** 3 =0 X $480 = 0 w (37 CFR 1.16(h)) 
::iii: D Application Size Fee (37 CFR 1.16(s)) c( 

0 FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 
1.16(j)) 

TOTAL ADD'L FEE 0 
(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER 

PRESENT EXTRA RATE($) ADDITIONAL FEE($) 
AFTER PREVIOUSLY 

I- AMENDMENT PAID FOR z w Total * Minus ** = X $0 = ::iii: (37 CFR 1.16(i)) 

C Independent * Minus *** X $0 z !37 CFR 1.16fhll = = 
w D Application Size Fee (37 CFR 1.16(s)) ::iii: 
c( LJ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 

1.16/i)) 

TOTAL ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "O" in column 3. SLIE 

** If the "Hiqhest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /TAMMY ACREE/ 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of information is required by 37 CFR 1.16. 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 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the US PTO. 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 THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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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 02/08/2021 

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 

1796 

NOTIFICATION DATE DELIVERY MODE 

02/08/2021 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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Office Action Summary 

Application No. 
15/913,090 

Examiner 

ELIZABETH A GWARTNEY 

Applicant(s) 
Fraser et al. 

Art Unit 

1796 

AIA (FITF) Status 

No 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -­
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING 
DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing 
date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term 
adjustment. See 37 CFR 1.704(b). 

Status 

1 )~ Responsive to communication(s) filed on 12 November 2020. 
□ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2a)~ This action is FINAL. 2b) □ This action is non-final. 
3)□ 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. 
4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims* 
5) ~ Claim(s) 31-53 is/are pending in the application. 

5a) Of the above claim(s) __ is/are withdrawn from consideration. 

6) D Claim(s) __ is/are allowed. 

7) ~ Claim(s) 31-53 is/are rejected. 

8) □ Claim(s) __ is/are objected to. 

9) D Claim(s) __ are subject to restriction and/or election requirement 
* If any claims have been determined allowable, 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. 

Application Papers 
10)□ The specification is objected to by the Examiner. 

11 )□ The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

Priority under 35 U.S.C. § 119 
12)□ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a)□ All b)D Some** c)□ None of the: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 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)). 

** See the attached detailed Office action for a list of the certified copies not received. 

Attachment{s) 

1) D Notice of References Cited (PTO-892) 

2) ~ Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 

Paper No(s)/Mail Date __ . 
U.S. Patent and Trademark Office 

PTOL-326 (Rev. 11-13) Office Action Summary 

3) O Interview Summary (PTO-413) 

Paper No(s)/Mail Date __ . 

4) O Other: __ . 

Part of Paper No./Mail Date 20210202 
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DETAILED ACTION 
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1. The present application is being examined under the pre-AIA first to invent provisions. 

2. The Amendment filed 12 November 2020 has been entered. Claims 31-53 are pending. 

3. The objection to the drawings has been withdrawn in light of Applications submission of 

a replacement sheet for FIG. 2 filed 12 November 2020. 

4. The previous rejections under 35 U.S.C. 112 first and second paragraph have been 

withdrawn in light of Applicants' amendment and remarks filed 12 November 2020. 

Terminal Disclaimer 

5. The terminal disclaimers filed on 13 November 2020 disclaiming the terminal portion of 

any patent granted on this application which would extend beyond the expiration date of U.S. 

Patent No. 10,327,464, 9,826,772, 9,808,029 and 9,700,067 and any patent granted on U.S. 

Application No. 15/913,090 and 16/238,802 has been reviewed and are accepted. 

Claim Rejections - 35 USC § 103 

6. The following is a quotation of pre-AIA 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102, if the differences between the subject matter sought to be patented and the prior art 
are such that the subject matter as a whole would have been obvious at the time the invention was made 
to a person having ordinary skill in the art to which said subject matter pertains. Patentability shall not 
be negatived by the manner in which the invention was made. 

7. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 

(1966), that are applied for establishing a background for determining obviousness under pre­

AIA 35 U.S.C. 103(a) are summarized as follows: 

1. Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 
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4. Considering objective evidence present in the application indicating obviousness or 

nonobviousness. 

8. This application currently names joint inventors. In considering patentability of the 

claims under pre-AIA 35 U.S.C. 103(a), the examiner presumes that the subject matter of the 

various claims was commonly owned at the time any inventions covered therein were made 

absent any evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to 

point out the inventor and invention dates of each claim that was not commonly owned at the 

time a later invention was made in order for the examiner to consider the applicability of pre-

AIA 35 U.S.C. 103(c) and potential pre-AIA 35 U.S.C. 102(e), (f) or (g) prior art under pre-AIA 

35 U.S.C. 103(a). 

9. Claims 31-53 are rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable 

over Hsieh et al. (US 2012/0093994) in view of Proulx et al. ("Iron Bioavailability of 

Hemoglobin from Soy Root Nodules Using a Caco-2 Cell Culture Model" - J. Agric. Food 

Chem." 2006, p. 1518-1522) as evidenced by Dinh et al. ("Effects of USDA quality grade 

and cooking on water-soluble precursors of beef flavor", Meat Science, Volume 146, 

December 2018, pp. 122-130). 

Regarding claims 31, 34-36, 38-41, 46 and 49-53, Hsieh et al. disclose a structured plant 

protein product having protein fibers that are substantially aligned and has meat-like moisture, 

texture, mouthfeel, flavor and color (i.e. meat-like product) comprising: (a) dry ingredients that 

comprise: (i) a protein component that comprises a plant-derived protein material, wherein the 

protein component is at an amount that is no more than about 90% by weight of the dry 

ingredients; (ii) a carbohydrate component at an amount that is in the range of about 2 to about 

50% by weight of the dry ingredients; and (iii) a lipid component at an amount that is in the 
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range of about 0.1 to about 5% by weight of the dry ingredients; and (b) wet ingredients that 

comprise water (Abstract, [0013]). Hsieh et al. disclose wherein the protein component may also 

include animal meat, including beef ([0079]). Hsieh et al. disclose wherein the meat analog 

composition may be in the form of a chicken cutlet, ground meat, steak, sirloin tip, kebab, 

shredded product, chunk meat product, a strip or a nugget product ([0093]). 

As evidenced by Dinh et al., beef is known to comprise; (a) the free amino acids, 

cysteine, cysteine, and methionine (p. 125/Table I); and (b) the reducing sugars, glucose, 

glucose-6-phosphate, fructose and ribose (p. 126/Table 2). 

Given Hsieh et al. disclose a structured plant protein product comprising animal meat, 

e.g. beef, it necessarily follows, cooking the structured plant protein product, wherein cooking 

includes heating to a temperature of 150°C for about 3 to about 5 minutes, results in the 

production of the claimed meat associated aroma compounds. 

While Hsieh et al. does not disclose the precise amount of free amino acid or reducing 

sugar in the added animal meat (e.g. beef) and thus the final structured plant protein product, 

given beef is known to comprise free amino acids including cysteine, cysteine and methionine 

and reducing sugars including glucose, glucose-6-phosphate, fructose and ribose, since beef 

would necessarily exhibit beef flavor when cooked, one of ordinary skill in the art would have 

adjusted to the amount of added animal meat, and therefore the amount of free amino acid and 

reducing sugar, to obtain the desired beef or meat-like flavor. 

Hsieh et al. is silent with respect to a non-animal heme-containing protein. 

Proulx et al. teach that iron deficiency is a major nutritional problem and fortification of 

foods with iron has been a successful strategy for improving iron content of foods (p. 

1518/Introduction). Proulx et al. teach that iron bioavailability is higher from heme iron sources 
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because of lack of inhibition from chelating compounds (p. 1518/Introduction). Proulx et al. 

teach that heme iron in the human diet is almost exclusively from animal sources and its intake 

has been shown to have a positive correlation with iron status (p. 1520/Results and Discussion). 

Proulx et al. teach that the incorporation of animal sourced heme iron is often unfeasible because 

of economic costs and because cultural and religious barrier forbid the consumption of meat (p. 

1520-1521/Results and Discussion). 

Proulx et al. teach that heme iron in the human diet is generally present in animal sources 

as part of hemoglobin and myoglobin but is also found in many invertebrates, bacteria, fungi and 

in the plant kingdom (p. 1518/Introduction). Proulx et al. teach leghemoglobin is a heme protein 

identified in soybean root nodules (p.1518/Introduction). Proulx et al. disclose a purified 

leghemoglobin protein (i.e. 73% by weight in the extract - p. 1520/Results and Discussion). 

Proulx et al. teach that the bioavailability of hemoglobin from soy root nodules is similar to that 

of heme iron from animal sources (p. 1521/Results and Discussion). Proulx et al. teach using 

plant hemoglobin, i.e. leghemoglobin, as a heme iron source in diets that are consumed by 

humans (p. 1518/Introduction). 

Given Proulx et al. teach that iron deficiency is a major nutritional problem and that 

fortification of foods with iron has been a successful strategy from improving iron content, since 

Proulx et al. teach that bioavailability is higher from heme iron sources including, leghemoglobin 

from soy root nodules, it would have been obvious to one of ordinary skill in the art to have 

fortified the structured plant protein product of Hsieh et al., with leghemoglobin from soy root 

nodules, to obtain a product with improved nutritional status, i.e. bioavailable source of iron. 

One of ordinary skill in the art would have added an amount of the leghemoglobin depending on 

the level of iron fortification desired. 
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Note, while claim 31 requires "a composition comprising a heme-containing protein, 

wherein the heme-containing protein is free of animal heme-containing protiens" this limitation 

does not exclude animal heme-containing protein from the meat-like-food product. 

Regarding claims 32 and 33, modified Hsieh et al. disclose all of the claim limitations as 

set forth above. Given Hsieh et al. disclose that the protein component is texturized in an 

extruder ([0006], [0009]), since Hsieh et al. disclose the protein component includes plant 

protein, it follows that the structured plant protein product would comprise textured plant (i.e. 

vegetable) protein. 

Regarding claim 37, modified Hsieh et al. disclose all of the claim limitations as set forth 

above. Given Proulx et al. teach leghemoglobin from soybean, intrinsically the plant heme­

containing protein would comprise an amino acid sequence having at least 80% sequence 

identity to a polypeptide set forth in SEQ ID NO: 1-26. 

Regarding claims 42-45, modified Hsieh et al. disclose all of the claim limitations as set 

forth above. Hsieh et al. also disclose wherein the structured plant protein product may comprise 

flavoring agents such as an animal meat flavor, yeast extract, hydrolyzed proteins, glutamic acid 

salts, guanylic acid salts (e.g. guanosine monophosphate - GMP) and inosinic acid salts (e.g. 

inosine monophosphate- IMP) ([0090]) and lipids such as com oil, palm oil, and cottonseed oil 

([0052]). 

Hsieh et al. disclose wherein the structured plant protein product may comprise coloring 

agents, including for example, beta carotene ([0086]). 

Hsieh et al. disclose wherein the structured plant protein product may comprise 

antioxidants, including for example, propyl gallate, alpha tocopherol and caffeic acid ([0089]). 
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Hsieh et al. disclose where in the structured plant protein product may comprise a pH­

lowering agent, including for example, citric acid and tartaric acid ([0058]). 

Regarding claims 47 and 48, modified Hsieh et al. disclose all of the claim limitations as 

set forth above. Given Hsieh et al. disclose a structured plant protein product comprising animal 

meat, including beef, it necessarily follows that the product would display the raw and cooked 

color properties as presently claimed. 

Response to Arguments 

10. Applicants' arguments filed 12 November 2020 have been fully considered but they 

are not persuasive. 

Applicants submit neither Hsieh et al. or Dinh et al. disclose or suggest, "[a] food 

product, comprising: a) 0.01 %-5% by weight of a plant, yeast, fungal, algal, ciliate, archaeal, or 

bacterial heme-containing protein, wherein the heme-containing proteins are free of animal 

heme-containing proteins." 

While Hsieh et al. require a meat component which would necessarily comprise an 

animal heme-containing protein, claim 31 does not exclude animal heme-containing protein. 

The recitation "wherein the heme-containing protein is free of animal heme-containing proteins" 

limits the requirement for a composition comprising a heme-containing protein and does not 

limit the claimed meat-like-food product as claimed. Note, the transitional term "comprising" is 

inclusive or open-ended and does not exclude additional, unrecited elements or method steps 

(MPEP §2111.03). 

Applicants submit "Proulx does not cure the deficiencies of Hsieh and Dinh." Applicants 

note, "Hsieh affirmatively teaches the inclusion of animal meat to improve the animal flavor of 

its meat analogs." Applicants submit "the teachings of Hsieh do not support the Examiner's 
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assertion that it would be obvious to modify the meat analog of Hsieh to include the non-animal 

leghemoglobin of Proulx." Applicants argue "there would be no reason for Hsieh to modify their 

meat analog to contain heme from a non-animal source." 

Hsieh et al. is directed to meat analog compositions ([0002]). Hsieh et al. disclose that 

there are people who either do not eat meat or prefer to eat less meat for health or religious 

reasons ([0003]). Hsieh et al. explains that vegetable proteins, therefore, play an important role 

in meeting recommended daily dietary requirements for protein ([0003]). Hsieh et al. disclose 

embodiments wherein the meat analog composition comprise both the structured protein product 

made from vegetable protein and an animal meat component ([0079]). Here, the motivation to 

add a non-animal heme protein, e.g. leghemoglobin as taught by Proulx et la., to the meat analog 

product of Hsieh et al. would be to maintain or elevate the iron content of the meat analog to be 

similar to that of meat while producing a product with less meat and more vegetable protein. 

Applicants cite "Proulx Thesis" and submit "[o]ne of ordinary skill would understand 

from Proulx' s own later teachings that the inclusion of supplemental iron can cause changes in 

the organoleptic qualities of a food, including causing the food to taste bed through oxidative 

rancidity." 

While Proulx notes "[f]ortification [with] iron has a potential negative effect on 

organoleptic quality of maize products, in that soluble forms of iron can cause oxidative 

randicity", this statement is directed to maize products. Proulx acknowledges that "[i]ron should 

be added to the level up to which they do not change the organoleptic qualities of a food." The 

person of ordinary skill in the art would know how to experiment with different iron sources, 

including non-animal heme-containing proteins such as leghemoglobin, to determine the 
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optimum amount to add in a specific matrix, including the meat analog disclosed by Hsieh et al., 

to obtain satisfactory iron supplementation while maintaining the sensory profile of the product. 

Conclusion 

I 1. Applicant's amendment necessitated the new ground(s) ofrejection presented in this 

Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). 

Applicant is reminded of the extension of time policy as set forth in 37 CFR 1.136( a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 

MONTHS of the mailing date of this final action and the advisory action is not mailed until after 

the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 

will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 

CFR l.136(a) will be calculated from the mailing date of the advisory action. In no event, 

however, will the statutory period for reply expire later than SIX MONTHS from the date of this 

final action. 

12. 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 on M-F: 8 a.m. - 4 p.m .. 

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. 



Motif Exhibit 1150, Page 1240 of 1599

Case No.: IPR2023-00206 
U.S. Patent No. 11,224,241

Application/Control Number: 15/913,090 
Art Unit: 1796 

Page 10 

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 an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see https://ppair-my.uspto.gov/pair/PrivatePair. Should you have questions on access to 

the Private PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll­

free ). If you would like assistance from a USPTO Customer Service Representative or access to 

the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000. 

/ELIZABETH GWARTNEY I 
Primary Examiner, Art Unit 1796 

ELIZABETH A. GWARTNEY 
Primary Examiner 
Art Unit 1796 
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AMENDMENTS TO THE CLAIMS 

Listing of Claims 

1-30. (Cancelled) 

Attorney Docket: 38767-0015008 

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, vtherein the heme 

eontaining protein is free of animal heme eontaining proteins and 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. (Currently Amended) The meat-like-food product of claim 31, wherein the one or 

more plant proteins eomprises comprise a textured vegetable protein. 

33. (Currently Amended) The meat-like-food product of claim [[31]] 32, wherein the 

~ textured vegetable protein is textured soy protein. 
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34. (Previously Presented) The meat-like-food product of claim 31, wherein the source of 

the heme-containing protein comprises at least 70% of the heme-containing protein on a dry 

weight basis. 

35. (Previously Presented) The meat-like-food product of claim 31, wherein the source of 

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. (Currently Amended) The meat-like-food product of claim 31, further comprising 

addi-Rg 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. (Currently Amended) The meat-like-food product of claim 31, further comprising 

addi-Rg combining with the one more plant proteins, one or more of beta-carotene, alpha­

tocopherol, caffeic acid, propyl gallate, and epigallocatechin gallate. 

44. (Currently Amended) The meat-like-food product of claim 31, further comprising 

addi-Rg 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. (Currently Amended) The meat-like-food product of claim 31, further comprising 

addi-Rg 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. (Currently Amended) 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-
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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-

undecene, 9-octadecenal, acetaldehyde, acetic acid, acetone, acetonitrile, acetophenone, acetyl 
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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, fl CresoL 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. (Currently Amended) 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, 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-
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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-

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, 13 CresoL 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. 
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51. (Currently Amended) 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 

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-
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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, 13 CresoL 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. (Currently Amended) 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, 13 Cresol, 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. (New) 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: 
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a heme-containing protein; 

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. (New) 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 

31-33, 42-45, and 49-52 have been amended, and claims 54 and 55 have been added. Support for 

the amendment to claim 31 is found at least at paragraph [0068] of the published application (US 

2018/0199606). Claims 32, 33, and 42-45 have been amended for consistency with claim 31, and 

claims 49-52 have been amended to correct minor errors. Support for new claims 54 and 55 is 

found at least in claim 31 and paragraph [0068] of the published application. 

A Request for Consideration under AFCP 2.0 is being filed with this paper. Applicant 

requests entry of these amendments and new claims, which introduce no new matter. 

Re;ections under 35 USC§ 103 

Claims 31-53 were rejected under pre-AIA 35 U.S.C. § 103(a) over US 2012/0093994 

(Hsieh) in view of J. Agric. Food Chem. 2006, p. 1518-1522 (Proulx), as evidenced by Meat 

Science, Volume 146, December 2018, pp. 122-130 (Dinh). 

Applicant requests withdrawal of this rejection because the proposed modification of 

Hsieh with Proulx as evidenced by Dinh would not yield a meat-like food product that is "free of 

animal heme-containing protein," as recited by amended claim 31. 

Hsieh describes a meat analog composition that optionally comprises animal meat. 

Hsieh, [0079]. The animal meat can be "included in the protein components used in the 

formation of the structure protein product and/or as a constituent of the meat analog 

compositions in addition the structure protein product." Id. Although animal meat is optional in 

the meat analog composition of Hsieh, the Office Action predicates this rejection on the 

compositions of Hsieh that include meat (i.e., beet), and relies on Dinh as evidence that beef 

comprises free amino acids, cysteine, and methionine, as well as reducing sugars, glucose, 

glucose-6-phosphate, fructose, and ribose. Office Action, p. 4. Thus, while some of Hsieh's 

compositions do not include animal meat, reliance on the meat-free compositions of Hsieh would 

render moot the rejection over the meat-containing composition of Hsieh as evidenced by Dinh. 

Moreover, modification of Hsieh as evidenced by Proulx, relied on by the Office Action does not 

cure the deficiency of Hsieh as evidenced by Dinh. As such, claim 31 does not read on Hsieh in 

view of Proulx as evidenced by Dinh, and this rejection should be withdrawn. 
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Claims dependent from claim 31 are separately patentable. For example, as to claim 46, 

the Office Action states: "Given Hsieh et al. disclose a structured protein product comprising 

animal meat, e.g. beef, it necessarily follows, cooking the structured plant protein product, 

wherein cooking includes heating to a temperature of l 50°C for about 3 to 5 minutes, results in 

the production of the claimed meat associated aroma compounds." Office Action, p. 4. As to 

claims 47 and 48, the Office Action states: "modified Hsieh et al. disclose all of the claim 

limitations as set forth above. Given Hsieh et al. discloses a structured plant protein product 

comprising animal meat, including beef, it necessarily follows that the product would display the 

raw and cooked color properties as presently claimed." Office Action, p. 7. Here, the claims 

appear to be rejected as inherently obvious. To be rejected as inherently obvious, the "inherent" 

limitation must necessarily be present in the combination of references. However, the Office 

Action provides no reasoning as to why these features would necessarily be present, and thus has 

not satisfied the strict standards of inherent obviousness. Absent a showing that the claimed 

features are necessarily present in modified Hsieh, claims 46-48 are allowable for at least this 

additional reason. 

New Claims 

New independent claim 54 is based on amended claim 31, with some omissions and 

minor edits. New claim 55 depends from claim 54 and recites: "wherein the meat-like food 

product is free of animal products." Claims 54 and 55 are allowable for at least the reasons 

discussed above with respect to claim 31. 
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All claims are in condition for allowance. No fees are believed to be due. Apply any 

necessary charges or credits to Deposit Account 06-1050, referencing the above attorney docket 

number. 

Date: April 8, 2021 

Customer Number 26191 
Fish & Richardson P.C. 
Telephone: + 1 (612) 638-5707 
Facsimile: (877) 769-7945 

1003 52441.doc 

Respectfully submitted, 

/Heather L. Flanagan/ 

Heather L. Flanagan 
Reg. No. 54,101 
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eligible under (i)], or (ii) an international application that has entered the national stage in compliance with 35 U.S.C. 371 (c). 

2. The above-identified application contains an outstanding final rejection. 

3. Submitted herewith is a response under 37 CFR 1.116 to the outstanding final rejection. The response includes an 
amendment to at least one independent claim, and the amendment does not broaden the scope of the independent claim in 
any aspect. 

4. This certification and request for consideration under AFCP 2.0 is the only AFCP 2.0 certification and request filed in 

response to the outstanding final rejection. 

5. Applicant is willing and available to participate in any interview requested by the examiner concerning the present response. 

6. This certification and request is being filed electronically using the Office's electronic filing system (EFS-Web). 

7. Any fees that would be necessary consistent with current practice concerning responses after final rejection under 37 CFR 

1.116, e.g., extension of time fees, are being concurrently filed herewith. [There is no additional fee required to request 

consideration under AFCP 2.0.] 

8. 

Signature 

By filing this certification and request, applicant acknowledges the following: 

Reissue applications and reexamination proceedings are not eligible to participate in AFCP 2.0. 

The examiner will verify that the AFCP 2.0 submission is compliant, i.e., that the requirements of the program have been met 
(see items 1 to 7 above). For compliant submissions: 

o The examiner will review the response under 37 CFR 1.116 to determine if additional search and/or consideration 

(i) is necessitated by the amendment and (ii) could be completed within the time allotted under AFCP 2.0. If 

additional search and/or consideration is required but cannot be completed within the allotted time, the examiner 

will process the submission consistent with current practice concerning responses after final rejection under 

37 CFR 1.116, e.g., by mailing an advisory action. 

o If the examiner determines that the amendment does not necessitate additional search and/or consideration, or if 

the examiner determines that additional search and/or consideration is required and could be completed within 

the allotted time, then the examiner will consider whether the amendment places the application in condition for 

allowance (after completing the additional search and/or consideration, if required). If the examiner determines 

that the amendment does not place the application in condition for allowance, then the examiner will contact the 

applicant and request an interview. 
■ The interview will be conducted by the examiner, and if the examiner does not have negotiation 

authority, a primary examiner and/or supervisory patent examiner will also participate. 

■ If the applicant declines the interview, or if the interview cannot be scheduled within ten (10) calendar 

days from the date that the examiner first contacts the applicant, then the examiner will proceed 

consistent with current practice concerning responses after final rejection under 37 CFR 1.116. 

Date 

/Heather L. Flanagan/ April 8, 2021 

Name 
(Print/Typed) Heather L. Flanagan 

Practitioner 

Registration No. 54,101 

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. Submit multiple 
forms if more than one signature is required, see below*. 

D * Total of ___ forms are submitted. 
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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 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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Electronic Acknowledgement Receipt 

EFSID: 42407197 

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/Lisa Gray 

Filer Authorized By: Heather L. Flanagan 

Attorney Docket Number: 38767-0015008 

Receipt Date: 08-APR-2021 

Filing Date: 06-MAR-2018 

Time Stamp: 18:37:22 

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.) 

128445 

1 38767-0015008response.pdf yes 13 
7b6d9178b9b8ded40845fc00124a657aa 1 d 

afdf4 
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Multipart Description/PDF files in .zip description 

Document Description Start End 

Response After Final Action 1 1 

Claims 2 10 

Applicant Arguments/Remarks Made in an Amendment 11 13 

Warnings: 

Information: 

124632 

2 
After Final Consideration Program 

38767-0015008afcp.pdf no 2 
Request 

b955914c36196bafac9cf4387db42ab351 de 
d1fe 

Warnings: 

Information: 

Total Files Size (in bytes) 253077 

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 AQQlications 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 AQQlication 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 AQQlication 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 04/27/2021 

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 

1796 

DA TE MAILED: 04/27/2021 

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 07/27/2021 

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 04/27/2021 

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 1796 

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 07/27/2021 

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 04/27/2021 

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 

1796 

DA TE MAILED: 04/27/2021 

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 
1796 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 After Final Amendment filed 8 April 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. ~ Notice of References Cited (PTO-892) 5. D Examiner's Amendment/Comment 

2.0 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 PTO-2323, A.NE. 
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 1796 

Notice of Allowability Part of Paper No./Mail Date 20210421 
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1. The present application is being examined under the pre-AIA first to invent provisions. 

2. The Amendment filed After Final, 8 April 2021, has been entered. Claims 38 and 39 

have been cancelled and claims 54 and 55 are new. 

3. The rejection of claims 31-53 under 35 U.S.C. 103(a) as being unpatentable over Hsieh et 

al. (US 2012/0093994) in view of Proulx et al. ("Iron Bioavailability of Hemoglobin from Soy 

Root Nodules Using a Caco-2 Cell Culture Model" - J. Agric. Food Chem." 2006, p. 1518-1522) 

as evidenced by Dinh et al. ("Effects of USD A quality grade and cooking on water-soluble 

precursors of beef flavor", Meat Science, Volume 146, December 2018, pp. 122-130) has been 

withdrawn in light of Applicants' amendment and remarks filed 8 April 2021. 

4. Claims 31-37 and 40-55 are allowed. 

5. The prior art made of record and not relied upon is considered pertinent to applicant's 

disclosure. 

McConnell et al. (WO 2019/079135) teaches producing heme-containing protein 

from cyanobacteria for use in food products. 

Reasons for Allowance 

6. The following is an examiner's statement of reasons for allowance: 

The closest prior art, Hsieh et al. (US 2012/0093994) in combination with Proulx et al. 

("Iron Bioavailability of Hemoglobin from Soy Root Nodules Using a Caco-2 Cell Culture 

Model" - J. Agric. Food Chem." 2006, p. 1518-1522) teach the concept of adding leghemoglobin 

to a structured plant protein product to fortify with iron. While Hsieh et al. disclose that the plant 

protein product can comprise beef, and beef is known to comprise (a) the amino acids, cysteine, 

cysteine and methionine; and (b) the reducing sugars, glucose, glucose-6-phosphate, fructose and 
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ribose, the reference does not disclose a similar product free of animal heme-containing protein 

or animal products. 

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 

7. 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 on M-F: 8 a.m. - 4 p.m .. 

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 an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see https://ppair-my.uspto.gov/pair/PrivatePair. Should you have questions on access to 

the Private PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-
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free). If you would like assistance from a USPTO Customer Service Representative or access to 

the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-

1000. 

/ELIZABETH GWARTNEY I 
Primary Examiner, Art Unit 1796 

ELIZABETH A. GWARTNEY 
Primary Examiner 
Art Unit 1796 
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Decision Examiner Art Unit AIA (FITF) Status 

ELIZABETH A GWARTNEY 1796 No 

This is in response to the After Final Consideration Pilot reqnest filed 08 April 2021. 

I. Improper Request - The AFCP 2.0 reqnest is improper for the following reason(s) and the after final amendment snbmitted with 

the reqnest will be treated nnder pre-pilot procedure. 

2. Proper Request 

D An AFCP 2.0 request form PTO/SB/434 (or equivalent document) was not submitted. 

D A non-broadening amendment to at least one independent claim was not submitted. 

0 The request is not the first proper AFCP 2.0 request submitted in response to the most recent final 
rejection. 

0 Other: 

A. After final amendment submitted with the request will not be treated under AFCP 2.0. 
The after final amendment cannot be reviewed and a search conducted within the guidelines of the pilot program. 

D The after final amendment will be treated nnder pre-pilot procedure. 

B. Updated search and/or completed additional consideration. 
The examiner performed an updated search and/or completed additional consideration of the after final amendment 
within the time authorized for the pilot program. The result(s) of the updated search and/or completed additional 
consideration are: 

U.S.Patent and Trademark Office 

PTOL-2323 (Rev. 10-14) 

0 I. All of the rejections in the most recent final Office action are overcome and a Notice of Allowance is 
issued herewith. 

0 2. The after final amendment would not overcome all of the rejections in the most recent final Office action 
. See attached interview summary for further details. 

0 3. The after final amendment was reviewed, and it raises a new issue(s). See attached interview summary 
for further details. 

0 4. The after final amendment raises new issues, but would overcome all of the rejections in the most recent 
final Office action. A decision on determining allowability could not be made within the guidelines of the 
pilot. See attached interview summary for further details, including any newly discovered prior art. 

Os. Other: 

Examiner Note: Please attach an interview summary when necessary as described above. 

AFCP 2.0 Decision Part of Paper No. 20210421 
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TITLE 

PRODUCTION OF HEME-CONTAINING PROTEINS IN CYANOBACTERIA 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of U.S. Provisional Application No. 62/573,088, filed 

on October 16, 2017, the disclosure of which is hereby incorporated by reference. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH 

[0002] Not Applicable. 

REFERENCE TO SEQUENCE LISTING 

[0003] This application contains a sequence listing submitted by EFS-Web, thereby satisfying 

the requirements of 37 C.F.R. §§ 1.821-1.825. The sequence listing, created on October 9, 2018, 

contains 60 sequences and is 195 KB in size. 

FIELD OF THE INVENTION 

[0004] The present invention relates generally to the recombinant production of heme-containing 

proteins in cyanobacterial host cells. The heme-containing proteins can be used, for example, in 

meat substitute products. 

BACKGROUND OF THE INVENTION 

[0005] A vegetarian diet is preferred by many consumers. Non-animal derived meat-like 

material, that tastes and looks like red meat but is made entirely of non-animal ingredients, 

would be a valuable consumer product. However, many vegetarian meat-like products are 

lacking in taste and color. Ideally, a red meat-like product would have a pleasing taste and 

would look and process like an actual meat product. For example, a vegetarian-based ground 

meat or sausage meat that is similar to real meat would be desirable. 

[0006] Modified cyanobacteria can be used to produce many types of proteins and other 

products in an environmentally friendly manner. The transformation of the cyanobacterial genus 

Synechococcus with genes of interest has been described (U.S. Patent Nos. 6,699,696 and 

6,306,639, both to Woods et al.). The transformation of the cyanobacterial genus Synechocystis 
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has been described, for example, in PCT/EP2009/000892 and in PCT/EP2009/060526. The 

transformation of the cyanobacterial genus Cyanobacterium sp. has been described (U.S. Patent 

No. 8,846,369, U.S. Patent No. 9,315,832, and PCT/US2013/077364). 

SUMMARY OF THE INVENTION 

[0007] In an embodiment of the invention, a genetically modified cyanobacterium having a 

polynucleotide encoding a heterologous heme-containing protein is provided. The protein can 

be, for example, a leghemoglobin or a cyanoglobin. The polynucleotide can be, for example, 

codon optimized for optimal expression in the cyanobacterium, and can be linked to a 

constitutive or inducible (regulatable) promoter. The polynucleotide can be located on an 

endogenous or heterologous extrachromosomal plasmid, or can be integrated into the 

chromosome. 

[00081 In an embodiment of the invention, the cyanobacterium can also have a modification that 

increases heme levels. This can be accomplished, for example, by a knockdown of endogenous 

heme oxygenase HO 1. This can also be accomplished by a modification that increases the flux 

through ferrochelatase, such as by a knockdown of the gene encoding magnesium chelatase 

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

a gun4(Wl92A) mutation, magnesium-starvation, iron supplementation, or nitrogen-starvation. 

[0009] In another embodiment, the cyanobacterium can also have a modification that results in a 

deficiency in phycocyanin. 

[0010] In yet another embodiment of the invention, a method of producing a heme-containing 

protein in a cyanobacterium is provided, by growing the genetically modified cyanobacterium 

under conditions to produce the heme-containing protein; and obtaining the heme-containing 

protein from the cyanobacterium. 

[0011] In another embodiment of the invention, a method of producing a heme-containing 

protein in a cyanobacterium is provided, by growing the genetically modified cyanobacterium 

under conditions to produce the heme-containing protein and additionally under conditions to 

increase heme production in the cyanobacterium, then obtaining the heme-containing protein 

from the cyanobacterium. 

2 
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[0012] In yet another embodiment of the invention, a biomass containing the genetically 

modified cyanobacterium is provided. In yet another embodiment of the invention, a dried meal 

( or bulk protein) obtained from the genetically modified cyanobacterium is provided. In a 

further embodiment of the invention, a partially purified heme-containing protein obtained from 

the genetically modified cyanobacterium is provided. 

[0013] In a further embodiment of the invention, a food product prepared from the heme­

containing protein made from the genetically modified cyanobacterium is provided. The food 

product can be, for example, a protein-rich product such as a meat substitute. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a map of the endogenous 6.8 kb plasmid isolated from Cyanobacterium sp. 

ABICyanol (SEQ ID NO: 17). 

[0015] FIG. 2 depicts a map of the 10403 BP circular plasmid construct and sequence annotation 

of plasmid #2884 (pAB 1_6.8::PsmtA-legH_Gm(ABlopt)-TpsaB) (SEQ ID NO: 18). 

[0016] FIG. 3 depicts a map of the 10412 BP circular plasmid construct and sequence annotation 

of plasmid #2885 (pAB 1_6.8::PsmtA-legH_As(AB lopt)-TpsaB) (SEQ ID NO: 19). 

[0017J FIG. 4 depicts a map of the 10406 BP circular plasmid construct and sequence annotation 

of plasmid# #2886 (pABl_6.8::PsmtA-legH_Cc(ABlopt)-TpsaB) (SEQ ID NO: 20). 

[0018] FIG. 5 depicts a map of the 10340 BP circular plasmid construct and sequence annotation 

of plasmid# 2887 (pAB1_6.8::PsmtA-glbN_S6803(ABlopt)-TpsaB) (SEQ ID NO: 21). 

[00191 FIG. 6 depicts a map of the 10340 BP circular plasmid construct and sequence annotation 

of plasmid #2888 (pAB 1_6.8::PsmtA-glbN_Ap8005(ABlopt)-TpsaB) (SEQ ID NO: 22). 

[0020] FIG. 7 depicts a map of the 10456 BP circular plasmid construct and sequence annotation 

of plasmid #2889 (pAB 1_6.8::PsmtA-legH_Gm(ABlopt)-TpsaB-PnirA'-anti_HOl_vl) (SEQ ID 

NO: 23). 

[0021] FIG. 8 depicts a map of the 10393 BP circular plasmid construct and sequence annotation 

of plasmid #2890 (pAB 1 _ 6.8::PsmtA-glbN_S6803(ABlopt)-TpsaB-PnirA'-anti_ HOl _ vl) (SEQ 

IDNO: 24). 

[0022] FIG. 9 depicts a map of the 10634 BP circular plasmid construct and sequence annotation 

of plasmid #2942 (pABICyanol _ 6.8: :PcpcB-glbN_S6803(ABICyanolopt)-TpsaB-Porf0316'­

anti_ HO1 _ vl) (SEQ ID NO: 56). 

3 
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[0023] FIG. 10 depicts a map of the 10491 BP circular plasmid construct and sequence 

annotation of plasmid #2994 (pAB1_6.8::PcpcB-glbN_Ap8005(ABlopt)-TpsaB) (SEQ ID NO: 

57). 

[0024] FIG. 11 depicts a map of the 11432 BP circular plasmid construct and sequence 

annotation of plasmid #3022 (pABICyanol _ 6.8: :PcpcB-glbN_S6803(ABICyanolopt)-TpsaB­

PcpcB-glbN_ S6803(ABICyanolopt)-TpsaB-Porf0316'-anti_ HO l_vl) (SEQ ID NO: 58). 

[0025] FIG. 12 depicts a map of the 7033 BP circular plasmid construct and sequence annotation 

of plasmid #2949 (nblA2::PcpcB 1918-glbN_Ap8005-TpsaB-PrbcL2293-ble-TB1002) (SEQ ID 

NO: 59). 

[0026] FIG. 13 depicts a map of the 8060 BP circular plasmid construct and sequence annotation 

of plasmid #3057 (nblA2::PcpcB 1918-glbN_ Ap8005-PcpcB1918 _glbN_ Ap8005-TpsaB­

PrbcL2293-ble-TB1002) (SEQ ID NO: 60). 

[0027] FIG. 14 is a diagram of the biosynthetic pathway from glutamate to protoporphyrin, 

heme, chlorophyll, biliverdin, phycobilin, and leghemoglobin. Also shown is the location of 

inhibition of heme oxygenase (HO 1) using an inducible sRNA for gene knock-down. 

[0028] FIG. 15 is a stained protein gel showing the expression of the cyanoglobin (GlbN) protein 

from S'ynechocystis strain PCC 6803 in Cyanobacterium sp. ABICyano 1. Expression of the 

cyanoglobin (black arrow) was induced with 20 µM zinc sulfate. Protein extracts were separated 

on a 16% native PAGE and stained with Coomassie Brilliant Blue. 

[0029] FIG. 16 is a photograph of a stained protein gel showing the expression of the 

cyanoglobin (GlbN) protein from Synechocystis strain PCC 6803 in Cyanobacterium sp. 

ABICyanol in the presence and absence of the anti-HOl sRNA. Expression of the cyanoglobin 

was induced with 20 µM zinc sulfate (black arrow). Expression of the anti-HO sRNA was 

induced in the presence of nitrate and repressed in the presence of urea. Protein extracts were 

separated on a 16% native PAGE and stained with Coomassie Brilliant Blue. 

[0030] FIG. 1 7 is a photograph of a stained protein gel showing the expression of the 

leghemoglobin C2 protein (black arrow) in Cyanobacterium sp. ABICyanol. Expression of 

leghemoglobin C2 was induced with different zinc concentrations in the presence of nitrate to 

knockdown expression of the heme oxygenase ABICyanol.l_orf29000 via sRNA. 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. 
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[0031] FIG. 18A and FIG. 18B show the constitutive expression of the cyanoglobin (GlbN) 

protein (black arrows) from Synec:hoc:ystis strain PCC 6803 in Cyanobac:terium sp. ABICyanol 

in the presence and absence of the anti-HOl sRNA, induced with 10 µM copper-EDTA. AB1336 

has a single copy of the PcpcB-glbN_S6803, whereas AB4005 exhibits two PcpcB-glbN_S6803 

copies on the same plasmid. Protein extracts were separated on a 16% native PAGE (FIG. 18A, 

unstained) and stained with Coomassie Brilliant Blue (FIG. 18B). 

[0032] FIG. 19 is a line graph showing the relative absorbance spectra of C:yanobacterium sp. 

ABTCyano 1 and a Phycocyanin-deficient strain AB0492 (1'1cpcA). 

[0033] FIG. 20 is a photograph of a stained protein gel showing the constitutive expression of 

the cyanoglobin (GlbN) protein from Synec:hoc:ystis strain PCC 6803 in the Cyanobac:terium sp. 

ABICyanol and in a phycocyanin-deficient derivative AB0492 (1'1cpcA). The strains were grown 

in the absence and presence of 10 µM copper-EDTA to induce the knockdown of the heme 

oxygenase via anti-HOl 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. 

[0034] FIG. 21 is a photograph of a stained protein gel showing the constitutive expression of 

the cyanoglobin (GlbN) protein from Arthrospira platensis PCC 8005 in Cyanobacterium sp. 

ABICyano 1. Protein extracts were separated on a 16% native PAGE and stained with Coomassie 

Brilliant Blue. 

[0035] FIG. 22A and FIG. 22B are photographs of a protein gel showing the expression of the 

cyanoglobin (GlbN) protein from Arthrospira platensis PCC 8005 in Arthrospira platensis 

PCC9108 (AB4041, 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. Protein extracts were separated on a 16% 

native PAGE (FIG. 22A, unstained) and stained with Coomassie Brilliant Blue (FIG. 22B). 

[0036] FIG. 23A is a photograph of a purification column showing the purification of the 

cyanoglobin (GlbN) protein from Synechocystis strain PCC 6803 expressed in Cyanobacterium 

sp. ABICyanol strain AB4005 via gel filtration with a Sephacryl 100-HR column. 

[0037] FIG. 23B is a photograph of several of the elution fractions (El to E14) which were 

collected for further analysis. The reddish heme coloration can be seen in the samples. 

5 



Motif Exhibit 1150, Page 1287 of 1599

Case No.: IPR2023-00206 
U.S. Patent No. 11,224,241

WO 2019/079135 PCT/US2018/055785 

[0038] FIG. 24A and FIG. 24B are photpgraphs of protein gels showing the purification of the 

cyanoglobin (GlbN) protein from Synechocystis strain PCC 6803 expressed in Cyanobacterium 

sp. ABICyanol strain AB4005 via gel filtration with a Sephacryl 100-HR column. Elution 

fractions were collected and separated on a 16% native PAGE (FIG. 24A, unstained) and stained 

with Coomassie Brilliant Blue (FIG. 24B). CE water-soluble cell extract, E2 - E14 elution 

fractions. 

[0039] FIG. 25 is a line graph depicting the relative absorbance spectra of cell extracts from 

Cyanohacterium sp. ABTCyano 1 expressing the cyanoglobin (GlbN) protein from Synechocystis 

strain PCC 6803. AB4005 exhibits 2 PcpcB-glbN copies in tandem and an inducible sRNA to 

knockdown expression of the heme oxygenase ABICyano 1.1 _ orf29000. AB4005 was grown in 

the absence and presence of 10 µM copper-EDTA to induce the anti-HOl sRNA. The ferric form 

of GlbN from Synechocystis strain PCC 6803 has a main absorbance peak at 410 nm. 

DETAILED DESCRIPTION 

[0040] Disclosed herein is a cyanobacterium that is capable of producing a heterologous heme­

containing protein. The biomass produced from the modified cyanobacterium can be used to 

produce various valuable products, such as a protein-rich meal, iron-rich meal, nutritional 

supplements, food ingredients, or food supplements. In an embodiment, the heme-containing 

protein can be processed to form a meat-like material. The cyanobacterium can be grown 

outdoors using light, CO2, and nutrients, and can then be processed as needed to produce a red 

meat-like material which contains a heme-containing protein. The nucleic acid encoding the 

heme-containing protein can be derived from, for example, an animal sequence, a plant 

sequence, a bacterial sequence, or a cyanobacterial sequence. The nucleic acid encoding the 

heme-containing protein can also be a synthetic nucleic acid sequence. 

[0041J Aspects of the invention utilize techniques and methods common to the fields of 

molecular biology, microbiology and cell culture. Useful laboratory references for these types of 

methodologies are readily available to those skilled in the art. See, for example, Molecular 

Cloning: A Laboratory Manual (Third Edition), Sambrook, J., et al. (2001) Cold Spring Harbor 

Laboratory Press; Current Protocols in Microbiology (2007) Edited by Coico, R, et al., John 

Wiley and Sons, Inc.; The Molecular Biology of Cyanobacteria (1994) Donald Bryant (Ed.), 

Springer Netherlands; Handbook OfMicroalgal Culture Biotechnology And Applied Phycology 
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(2003) Richmond, A.; (ed.), Blackwell Publishing; and "The cyanobacteria, molecular Biology, 

Genomics and Evolution", Edited by Antonia Herrero and Enrique Flores, Caister Academic 

Press, Norfolk, UK, 2008. 

[0042] All publications and patent applications mentioned in this specification are herein 

incorporated by reference to the same extent as if each individual publication or patent 

application was specifically and individually indicated to be incorporated by reference. 

Definitions 

[0043] Unless defined otherwise, all technical and scientific terms used herein have the meaning 

commonly understood by a person skilled in the art to which this invention belongs. As used 

herein, the following terms have the meanings ascribed to them unless specified otherwise. 

[0044] The term "about" is used herein to mean approximately, in the region of, roughly, or 

around. When the term "about" is used in conjunction with a numerical value/range, it modifies 

that value/range by extending the boundaries above and below the numerical value(s) set forth. 

In general, the term "about" is used herein to modify a numerical value(s) above and below the 

stated value(s) by a variance of 20%. 

[0045J The term "cyanobacterium" refers to a member from the group of photoautotrophic 

prokaryotic microorganisms which can utilize solar energy and fix carbon dioxide. 

Cyanobacteria are also referred to as blue-green algae. 

[0046] The terms "host cell" and "recombinant host cell" are intended to include a cell suitable 

for metabolic manipulation, e.g., which can incorporate heterologous polynucleotide sequences, 

e.g., which can be transformed. The term is intended to include progeny of the cell originally 

transformed. In particular embodiments, the cell is a prokaryotic cell, e.g., a cyanobacterial cell. 

The term recombinant host cell is intended to include a cell that has already been selected or 

engineered to have certain desirable properties and to be suitable for further genetic 

enhancement. 

[0047] "Competent to express" refers to a host cell that provides a sufficient cellular 

environment for expression of endogenous and/or exogenous polynucleotides. 

[0048] As used herein, the term "genetically modified" refers to any change in the endogenous 

genome of a wild type cell or to the addition of non-endogenous genetic code to a wild type cell, 

e.g., the introduction of a heterologous gene. More specifically, such changes are made by the 
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hand of man through the use of recombinant DNA technology or mutagenesis. The changes can 

involve protein coding sequences or non-protein coding sequences, including regulatory 

sequences such as promoters or enhancers. 

[0049] The terms "polynucleotide" and "nucleic acid" also refer to a polymer composed of 

nucleotide units (ribonucleotides, deoxyribonucleotides, related naturally occurring structural 

variants, and synthetic non-naturally occurring analogs thereof) linked via phosphodiester bonds, 

related naturally occurring structural variants, and synthetic non-naturally occurring analogs 

thereof Thus, the term includes nucleotide polymers in which the nucleotides and the linkages 

between them include non-naturally occurring synthetic analogs. It will be understood that, 

where required by context, when a nucleotide sequence is represented by a DNA sequence (i.e., 

A, T, G, C), this also includes an RNA sequence (i.e., A, U, G, C) in which "U" replaces "T." 

[0050] The nucleic acids of this present invention may be modified chemically or biochemically 

or may contain non-natural or derivatized nucleotide bases, as will be readily appreciated by 

those of skill in the art. Such modifications include, for example, labels, methylation, substitution 

of one or more of the naturally occurring nucleotides with an analog, internucleotide 

modifications such as uncharged linkages, charged linkages, alkylators, intercalators, pendent 

moieties, modified linkages, and chelators. Also included are synthetic molecules that mimic 

polynucleotides in their ability to bind to a designated sequence via hydrogen bonding and other 

chemical interactions. 

[0051] The term "nucleic acid" (also referred to as polynucleotide) is also intended to include 

nucleic acid molecules having an open reading frame encoding a polypeptide, and can further 

include non-coding regulatory sequences and intrans. In addition, the terms are intended to 

include one or more genes that map to a functional locus. In addition, the terms are intended to 

include a specific gene for a selected purpose. The gene can be endogenous to the host cell or 

can be recombinantly introduced into the host cell. 

[0052] In one aspect the invention also provides nucleic acids which are at least 60%, 70%, 80% 

90%, 95%, 99%, or 99.5% identical to the nucleic acids disclosed herein. 

[0053] The percentage of identity of two nucleic acid sequences or two amino acid sequences 

can be determined using the algorithm of Thompson et al. (CLUSTALW, 1994, Nucleic Acids 

Research 22: 4673-4680). A nucleotide sequence or an amino acid sequence can also be used as 

a so-called "query sequence" to perform a search against public nucleic acid or protein sequence 
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databases in order, for example, to identify further unknown homologous promoters, which can 

also be used in embodiments of this invention. In addition, any nucleic acid sequences or protein 

sequences disclosed in this patent application can also be used as a "query sequence" in order to 

identify yet unknown sequences in public databases, which can encode for example new 

enzymes, which could be useful in this invention. Such searches can be performed using the 

algorithm of Karlin and Altschul ( 1990, Proceedings of the National Academy of Sciences 

US.A 87: 2,264 to 2,268), modified as in Karlin and Altschul (1993, Proceedings of the 

National Academy of Sciences U.S.A. 90: 5,873 to 5,877). Such an algorithm is incorporated in 

the NBLAST and XBLAST programs of Altschul et al. (1990, Journal of Molecular Biology 

215: 403 to 410). Suitable parameters for these database searches with these programs are, for 

example, a score of 100 and a word length of 12 for BLAST nucleotide searches as performed 

with the NBLAST program. BLAST protein searches are performed with the XBLAST program 

with a score of 50 and a word length of 3. Where gaps exist between two sequences, gapped 

BLAST is utilized as described in Altschul et al. (1997, Nucleic Acids Research, 25: 3,389 to 

3,402). 

[0054] In one aspect the invention also provides peptides, polypeptides, and proteins having an 

amino acid sequence that is at least 50%, 55%, 60%, 70%, 80% 90%, 95%, 99%, or 99.5% or 

more identical to the amino acid sequence of a protein disclosed herein. 

[0055] Database entry numbers given in the following are for the CyanoBase, the genome 

database for cyanobacteria (available on the world wide web at 

genome.microbedb.jp/cyanobase/) Fujisawa et al. "CyanoBase: a large-scale update on its 20th 

anniversary. Nucleic Acids Research. 2017, Vol. 45, p. D551. 

[0056] The enzyme commission numbers (EC numbers) cited throughout this patent application 

are numbers which are a numerical classification scheme for enzymes based on the chemical 

reactions which are catalyzed by the enzymes. 

[0057] "Recombinant" refers to polynucleotides synthesized or otherwise manipulated in vitro 

("recombinant polynucleotides") and to methods of using recombinant polynucleotides to 

produce gene products encoded by those polynucleotides in cells or other biological systems. For 

example, a cloned polynucleotide may be inserted into a suitable expression vector, such as a 

bacterial plasmid, and the plasmid can be used to transform a suitable host cell. A host cell that 

comprises the recombinant polynucleotide is referred to as a "recombinant host cell" or a 
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"recombinant bacterium" or a "recombinant cyanobacterium." The gene is then expressed in the 

recombinant host cell to produce, e.g., a "recombinant protein." A recombinant polynucleotide 

may serve a non-coding function (e.g., promoter, origin ofreplication, ribosome-binding site, 

etc.) as well. 

[0058] The term "homologous recombination" refers to the process of recombination between 

two nucleic acid molecules based on nucleic acid sequence similarity. The term embraces both 

reciprocal and nonreciprocal recombination (also referred to as gene conversion). In addition, the 

recombination can be the result of equivalent or non- equivalent cross-over events. Equivalent 

crossing over occurs between two equivalent sequences or chromosome regions, whereas 

nonequivalent crossing over occurs between identical ( or substantially identical) segments of 

nonequivalent sequences or chromosome regions. Unequal crossing over typically results in gene 

duplications and deletions. For a description of the enzymes and mechanisms involved in 

homologous recombination see Court et al., "Genetic engineering using homologous 

recombination," Annual Review of Genetics 36:361-3 88; 2002. 

[0059] The term "non-homologous or random integration" refers to any process by which DNA 

is integrated into the genome that does not involve homologous recombination. It appears to be a 

random process in which incorporation can occur at any of a large number of genomic locations. 

[0060] The term "expressed endogenously" refers to polynucleotides that are native to the host 

cell and are naturally expressed in the host cell. 

[0061] The term "operably linked" refers to a functional relationship between two parts in which 

the activity of one part ( e.g., the ability to regulate transcription) results in an action on the other 

part (e.g., transcription of the sequence). Thus, a polynucleotide is "operably linked to a 

promoter" when there is a functional linkage between a polynucleotide expression control 

sequence (such as a promoter or other transcription regulation sequences) and a second 

polynucleotide sequence (e.g., a native or a heterologous polynucleotide), where the expression 

control sequence directs transcription of the polynucleotide. 

[0062] The term "vector" as used herein is intended to refer to a nucleic acid molecule capable 

of transporting another nucleic acid to which it has been linked. One type of vector is a 

"plasmid," which generally refers to a circular double stranded DNA molecule into which 

additional DNA segments may be ligated, but also includes linear double-stranded molecules 



Motif Exhibit 1150, Page 1292 of 1599

Case No.: IPR2023-00206 
U.S. Patent No. 11,224,241

WO 2019/079135 PCT/US2018/055785 

such as those resulting from amplification by the polymerase chain reaction (PCR) or from 

treatment of a circular plasmid with a restriction enzyme. 

[00631 Certain vectors are capable of autonomous replication in a host cell into which they are 

introduced ( e.g., vectors having an origin ofreplication which functions in the host cell). Other 

vectors can be integrated into the genome of a host cell upon introduction into the host cell, and 

are thereby replicated along with the host genome. Moreover, certain vectors are capable of 

directing the expression of genes to which they are operatively linked. Such vectors are referred 

to herein as "recombinant expression vectors" (or simply "expression vectors"). 

[0064] A "promoter" is an array of nucleic acid control sequences that direct transcription of an 

associated polynucleotide, which may be a heterologous or native polynucleotide. A promoter 

includes nucleic acid sequences near the start site of transcription, such as a polymerase binding 

site. The promoter also optionally includes distal enhancer or repressor elements which can be 

located as much as several thousand base pairs from the start site of transcription. The term 

"promoter" is intended to include a polynucleotide segment that can transcriptionally control a 

gene of interest, e.g., a pyruvate decarboxylase gene that it does or does not transcriptionally 

control in nature. In one embodiment, the transcriptional control of a promoter results in an 

increase in expression of the gene of interest. In an embodiment, a promoter is placed 5' to the 

gene of interest. A heterologous promoter can be used to replace the natural promoter, or can be 

used in addition to the natural promoter. A promoter can be endogenous with regard to the host 

cell in which it is used or it can be a heterologous polynucleotide sequence introduced into the 

host cell, e.g., exogenous with regard to the host cell in which it is used. Promoters of the 

invention may also be inducible, meaning that certain exogenous stimuli ( e.g., nutrient 

starvation, heat shock, mechanical stress, light exposure, etc.) will induce the promoter leading to 

the transcription of the gene. 

[0065] The term "recombinant nucleic acid molecule" includes a nucleic acid molecule (e.g., a 

DNA molecule) that has been altered, modified or engineered such that it differs in nucleotide 

sequence from the native or natural nucleic acid molecule from which the recombinant nucleic 

acid molecule was derived ( e.g., by addition, deletion or substitution of one or more nucleotides). 

The recombinant nucleic acid molecule (e.g., a recombinant DNA molecule) also includes an 

isolated nucleic acid molecule or gene of the present invention. 
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[0066] The term "gene" refers to an assembly of nucleotides that encode a polypeptide, and 

includes cDNA and genomic DNA nucleic acids. "Gene" also refers to a nucleic acid fragment 

that expresses a specific protein or polypeptide, including regulatory sequences preceding (5' 

non-coding sequences) and following (3' non-coding sequences) the coding sequence. 

[0067] The term "endogenous gene" refers to a native gene in its natural location in the genome 

of an organism. A "foreign" gene or "heterologous" gene refers to a gene not normally found in 

the host organism, but that is introduced into the host organism by gene transfer. Foreign genes 

can comprise native genes inserted into a non-native organism, or chimeric genes. A "transgene" 

is a gene that has been introduced into the genome by a transformation procedure. 

[0068] The term "fragment" refers to a nucleotide sequence of reduced length relative to the 

reference nucleic acid and comprising, over the common portion, a nucleotide sequence 

substantially identical to the reference nucleic acid. Such a nucleic acid fragment according to 

the invention may be, where appropriate, included in a larger polynucleotide of which it is a 

constituent. Such fragments comprise, or alternatively consist of, oligonucleotides ranging in 

length from at least about 6, 50, 100, 200, 500, 1,000, to about 1,500 or more consecutive 

nucleotides of a polynucleotide according to the invention. 

[0069] The term "open reading frame," abbreviated as "ORF," refers to a length of nucleic acid 

sequence, either DNA, cDNA or RNA, that comprises a translation start signal or initiation 

codon, such as an ATG or AUG, and a termination codon and can be potentially translated into a 

polypeptide sequence. 

[0070] The term "upstream" refers to a nucleotide sequence that is located 5' to reference 

nucleotide sequence. In particular, upstream nucleotide sequences generally relate to sequences 

that are located on the 5' side of a coding sequence or starting point of transcription. For 

example, most promoters are located upstream of the start site of transcription. 

[0071] The term "downstream" refers to a nucleotide sequence that is located 3' to a reference 

nucleotide sequence. In particular, downstream nucleotide sequences generally relate to 

sequences that follow the starting point of transcription. For example, the translation initiation 

codon of a gene is located downstream of the start site of transcription. 

[0072] The term "homology" refers to the percent of identity between two polynucleotide or two 

polypeptide moieties. The correspondence between the sequence from one moiety to another can 

be determined by techniques known to the art. For example, homology can be determined by a 
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direct comparison of the sequence information between two polypeptide molecules by aligning 

the sequence information and using readily available computer programs. Alternatively, 

homology can be determined by hybridization of polynucleotides under conditions that form 

stable duplexes between homologous regions, followed by digestion with single-stranded­

specific nuclease(s) and size determination of the digested fragments. 

[0073] As used herein, "substantially similar" refers to nucleic acid fragments wherein changes 

in one or more nucleotide bases results in substitution of one or more amino acids, but do not 

affect the functional properties of the protein encoded by the DNA sequence. 

[0074] The term "substantially similar" also refers to modifications of the nucleic acid fragments 

of the instant invention such as deletion or insertion of one or more nucleotide bases that do not 

substantially affect the functional properties of the resulting transcript. 

[0075] The terms "restriction endonuclease" and "restriction enzyme" refer to an enzyme that 

binds and cuts within a specific nucleotide sequence within double stranded DNA 

[0076] The term "expression", as used herein, refers to the transcription and stable accumulation 

mRNA derived from a nucleic acid or polynucleotide. Expression may also refer to translation 

of mRNA into a protein or polypeptide. 

[0077] An "expression cassette" or "construct" refers to a series of polynucleotide elements that 

permit transcription of a gene in a host cell. Typically, the expression cassette includes a 

promoter and a heterologous or native polynucleotide sequence that is transcribed. Expression 

cassettes or constructs may also include, e.g., transcription termination signals, polyadenylation 

signals, and enhancer elements. 

[0078] The term "codon" refers to a triplet of nucleotides coding for a single amino acid. 

[0079] The term "codon-anticodon recognition" refers to the interaction between a codon on an 

mRNA molecule and the corresponding anticodon on a tRNA molecule. 

[0080] The term "codon bias" refers to the fact that different organisms use different codon 

frequencies. 

[0081] The term "codon optimization" refers to the modification of at least some of the codons 

present in a heterologous gene sequence from a triplet code that is infrequently used in the host 

organism to a triplet code that is more common in the particular host organism. This can result 

in a higher expression level of the gene of interest. 
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[0082] The term "transformation" is used herein to mean the insertion of heterologous genetic 

material into the host cell. Typically, the genetic material is DNA on a plasmid vector, but other 

means can also be employed. General transformation methods and selectable markers for 

bacteria and cyanobacteria are known in the art (Wirth, Mol Gen Genet. 216: 175-177 (1989); 

Koksharova, Appl Microbial Biotechnol 58:123-137 (2002). Additionally, transformation 

methods and selectable markers for use in bacteria are well known (see, e.g., Sambrook et al, 

supra). 

[0083] The term "selectable marker" means an identifying factor, usually an antibiotic or 

chemical resistance gene, that is able to be selected for based upon the marker gene's effect, i e , 

resistance to an antibiotic, resistance to a herbicide, colorimetric markers, enzymes, fluorescent 

markers, and the like, wherein the effect is used to track the inheritance of a nucleic acid of 

interest and/or to identify a cell or organism that has inherited the nucleic acid of interest. 

Examples of selectable marker genes known and used in the art include: genes providing 

resistance to ampicillin, streptomycin, gentamycin, spectinomycin, kanamycin, zeocin, 

chloramphenicol, hygromycin, and the like. 

[0084] A "polypeptide" is a polymeric compound comprised of covalently linked amino acid 

residues. A "protein" is a polypeptide that performs a structural or functional role in a living 

cell. 

[0085] A "heterologous protein" refers to a protein not naturally produced in the cell. 

[0086] An "isolated polypeptide" or "isolated protein" is a polypeptide or protein that is 

substantially free of those compounds that are normally associated therewith in its natural state 

(e.g., other proteins or polypeptides, nucleic acids, carbohydrates, lipids). 

[0087] The term "fragment" of a polypeptide refers to a polypeptide whose amino acid sequence 

is shorter than that of the reference polypeptide. Such fragments of a polypeptide according to 

the invention may have a length of at least about 2, 50, 100, 200, or 300 or more amino acids. 

[0088] A "variant" of a polypeptide or protein is any analogue, fragment, derivative, or mutant 

which is derived from a polypeptide or protein and which retains at least one biological property 

of the polypeptide or protein. Different variants of the polypeptide or protein may exist in 

nature. These variants may be allelic variations characterized by differences in the nucleotide 

sequences of the structural gene coding for the protein, or may involve differential splicing or 
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post-translational modification. The skilled artisan can produce variants having single or 

multiple amino acid substitutions, deletions, additions, or replacements. 

[00891 The term "primer" is an oligonucleotide that hybridizes to a target nucleic acid sequence 

to create a double stranded nucleic acid region that can serve as an initiation point for DNA 

synthesis under suitable conditions. Such primers may be used in a polymerase chain reaction. 

[0090] The term "polymerase chain reaction," also termed "PCR," refers to an in vitro method 

for enzymatically amplifying specific nucleic acid sequences. PCR involves a repetitive series of 

temperature cycles with each cycle comprising three stages: denaturation of the template nucleic 

acid to separate the strands of the target molecule, annealing a single stranded PCR 

oligonucleotide primer to the template nucleic acid, and extension of the annealed primer(s) by 

DNA polymerase. PCR provides a means to detect the presence of the target molecule and, 

under quantitative or semi-quantitative conditions, to determine the relative amount of that target 

molecule within the starting pool of nucleic acids. 

[0091] The term "sRNA" refers to small non-coding regulatory RNA (typically< 200bp), which 

can form a stable secondary structure and is able to bind and affect stability and translation of 

specific mRNAs in a targeted manner. 

[0092] The term "globin" refers to a type of heme-containing globular protein involved in 

reversible binding and transporting of oxygen utilizing a heme prosthetic group. Globins 

incorporate a series of alpha helical segments known as globin folds. 

[0093] The terms "heme-containing protein" or "heme-binding protein" refer to a polypeptide 

that can bind to a heme group. Examples of heme-containing proteins include but are not limited 

to hemoglobin, cyanoglobin, and leghemoglobin. 

[0094] The term "heme" refers to a heterocyclic organic compound cofactor made up of four 

joined pyrrolic groups, having an iron (Fe2+) group located in the center of the molecule. The 

heme iron often acts as an electron source or sink during electron transfer or redox chemistry. 

[0095] The term "heme oxygenase" or "HOl" refers to an enzyme that catalyzes the degradation 

of the heme molecule to form other cellular components, such as biliverdin and phycobilins. 

[0096] The term "selection-free" refers to a growth medium that does not include a selection 

agent, such as an antibiotic, that would allow only cells having a functional selectable marker 

gene to survive. 

[0097] The term "plurality" means more than one. 
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Heterologous Production of Heme-containing Proteins 

[0098] In an embodiment of the invention, cyanobacterial cells can be modified to express a 

heterologous heme-containing protein. The modified cells can then be cultured at a large scale, 

such as in outdoor photobioreactors, using CO2, light, and nutrients, in order to produce large 

quantities of the heme-containing protein. By use of this method, heme-containing protein can 

be made without being obtained from animal sources. 

[0099] Leghemoglobin is naturally synthesized in the root nodules of certain types of plants, 

such as leguminous plants that utilize the root nodules for nitrogen fixation. One such plant is 

soybean. U.S. Patent No. 8,021,695, to Gruber, describes a personal care composition (soaps, 

shampoos, skin care medicaments, cosmetics, and therapeutic formulations) that contains, in 

part, leghemoglobin extracted from nitrogen fixing root nodules. U.S. Patent Application No. 

20110286992Al describes methods of isolating the leghemoglobin from root nodules in order to 

prepare such compositions. The nodules have a reddish color due to the concentration of 

leghemoglobin. This extraction method is time consuming and expensive, however. The crop is 

planted and grown for a period of time, then the root nodules are collected and washed. The 

leghemoglobin is then isolated and purified from the washed nodules. This is a time consuming 

process. 

[00100] International Patent Application Publication No. WO1998012913Al discloses 

plants that have been transformed with a nucleic acid sequence that encodes a globin protein. 

The patent application also discloses that certain globin proteins can be produced from a host cell 

that is a bacterium or an algae. However, the patent application does not teach the production 

the protein from cyanobacteria. 

[00101] WO/2015/153666 discloses the production of ground meat replicas that include a 

certain amount of a heme-containing protein, such as a leghemoglobin from soybean, pea, or 

cowpea. The leghemoglobin can be recombinantly produced, for example, in E. coli or yeast. 

However, there is no discussion of the recombinant production of leghemoglobin (or other 

globins or heme-containing proteins) in cyanobacteria. 
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Production of Heme-containing Proteins in Cyanobacterial Cells 

[00102] In an embodiment of the invention, cyanobacterial cells can be modified to 

produce the heme-containing protein. In another embodiment, the cyanobacterial cell is 

modified with a gene encoding the heme-containing protein, as well genes encoding other 

enzymes involved in assembling the heme-protein complex. 

[00103] In an embodiment of the invention, any suitable cyanobacterial strain can be 

modified to produce a heme-containing protein. 

[00104] In an embodiment of the invention, the cyanobacterial host cell is 

Cyanobacterium sp. ATCC accession number PTA-13311 (herein termed "ABICyanol" or 

"AB l"). This strain has been found to grow well under various outdoor conditions, and can be 

genetically modified to produce a compound of interest. The strain, as well as its endogenous 

plasmid p6.8 (FIG. 1, SEQ ID NO: 17), has been described, for example, in U.S. Patent No. 

8,846,369, U.S. 9,315,832, and U.S. Patent No. 9,157,101, all of which are hereby incorporated 

by reference in their entireties. 

[00105] In another embodiment of the invention, the cyanobacterial host cell for 

production of a heme-containing protein is another cyanobacterial strain, such as Arthrospira sp., 

Synechocystis sp., or Synechococcus sp. 

[00106] In an embodiment, a culture of the cyanobacterial cell is grown in an outdoor 

photobioreactor system, and the resulting cellular material is collected. The entire protein can be 

separated from the remaining cell contents, or the heme-containing protein itself can be separated 

from the cellular material. The separated protein can then be dried, frozen, or further processed 

as desired. 

[00107] In an embodiment, leghemoglobin (or other heme-containing proteins) can be 

recombinantly produced in cyanobacteria. Using this method, CO2 and inorganic nutrients can 

be used to convert light to heme-like proteins that can then be further processed, for example, to 

a meat-like material. One benefit of using cyanobacteria is that CO2, rather than organic carbon­

based materials, can be used as the starting material. This lowers the cost of producing the 

protein, as organic carbon sources are not needed. 

[001081 Many types of heme-containing proteins can be heterologously produced in 

cyanobacteria. Many heme-containing proteins are found in plants. 
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[00109] One exemplary heme-containing protein that can be expressed in cyanobacteria is 

leghemoglobin C2 from soybean (Glycine max) GenBank No. AAA33980.1. The native DNA 

sequence is shown in SEQ ID NO: 1. The codon optimized gene sequence (codon optimized for 

optimal expression in Cyanobacterium sp. ABICyanol) is SEQ ID NO: 2. The protein sequence 

is SEQ ID NO: 3. 

[00110] Another exemplary heme-containing protein that can be expressed in 

cyanobacteria is Leghemogl obin from Astragalus sinicus GenBank No. ABB 13 622 .1. The 

native DNA sequence is shown in SEQ ID NO: 4. The codon optimized gene sequence (codon 

optimized for optimal expression in Cyanobacterium sp. ABICyanol) is SEQ ID NO: 5. The 

protein sequence is SEQ ID NO: 6. 

[001111 Yet another exemplary heme-containing protein that can be expressed in 

cyanobacteria is Leghemoglobin from Cajanus cajan GenBank No. KYP60668.1. The native 

DNA sequence is shown in SEQ ID NO: 7. The codon optimized gene sequence (codon 

optimized for optimal expression in Cyanobacterium sp. ABICyanol) is SEQ ID NO: 8. The 

protein sequence is SEQ ID NO: 9. 

[00112] Cyanobacterial organisms also naturally produce certain types of heme-containing 

proteins. Native heme-containing proteins present in cyanobacteria include, for example, 

leghemoglobin and cyanoglobin. 

[00113] An example of a native cyanobacterial heme-containing protein is cyanoglobin 

from Synechocystis sp. PCC6803 (GenBank No. BAAl 7991.1). The native DNA sequence is 

shown in SEQ ID NO: 10. The codon optimized gene sequence (codon optimized for optimal 

expression in Cyanobacterium sp. ABICyanol) is SEQ ID NO: 11. The protein sequence is SEQ 

IDNO: 12. 

[00114J Another example of a native cyanobacterial heme-containing protein is 

cyanoglobin from Arthrospira sp. PCC 8005 (GenBank No. CCE20200.1 ). The native DNA 

sequence is shown in SEQ ID NO 13. The codon optimized gene sequence ( codon optimized 

for optimal expression in Cyanobacterium sp. ABICyanol) is SEQ ID NO: 14. The protein 

sequence is SEQ ID NO: 15. 

[00115] Cyanobacteria can be modified to add genes of interest as shown herein in order 

to produce heme-containing proteins. The DNA sequences encoding the genes can be amplified 

by polymerase chain reaction (PCR) using specific primers. The amplified PCR fragments were 
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digested with the appropriate restriction enzymes and cloned into either a self-replicating 

plasmid or an integrative plasmid. An antibiotic resistance cassette for selection of positive 

clones can be present on the appropriate plasmid. 

[00116] In an embodiment, the nucleic acids of interest can be amplified from nucleic acid 

samples using amplification techniques. PCR can be used to amplify the sequences of the genes 

directly from mRNA, from cDNA, from genomic libraries or cDNA libraries. PCR and other in 

vitro amplification methods may also be useful, for example, to clone nucleic acid sequences that 

code for proteins to be expressed, to make nucleic acids to use as probes for detecting the 

presence of the desired mRNA in samples, and for nucleic acid sequencing. 

[00117] To use isolated sequences in the above techniques, recombinant DNA vectors 

suitable for transformation of cyanobacteria can be prepared. Techniques for transformation are 

well known and described in the technical and scientific literature. For example, a DNA 

sequence encoding one or more of the genes described herein can be combined with 

transcriptional and other regulatory sequences which will direct the transcription of the sequence 

from the gene in the transformed cyanobacteria. 

[00118] In an embodiment, the genes of interest are inserted into the cyanobacterial 

chromosome. When the cell is polyploid, the gene insertions can be present in all of the copies 

of the chromosome, or in some of the copies of the chromosome. 

[00119] In another embodiment, the inserted genes are present on an extrachromosomal 

plasmid. The extrachromosomal plasmid can be derived from an outside source, such as, for 

example, RSF1010-based plasmid vectors, or it can be derived from an endogenous plasmid 

from the cyanobacterial cell or from another species of cyanobacteria. 

[00120] In an embodiment, the inserted genes are present on an extrachromosomal 

plasmid, wherein the plasmid has multiple copies per cell. The plasmid can be present, for 

example, at about 1, 3, 5, 8, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, or more copies per host 

cyanobacterial cell. In an embodiment, the plasmid containing the inserted gene is fully 

segregated in the cell. 

[00121] In another embodiment, the inserted genes are present on one cassette driven by 

one promoter. In another embodiment, the inserted genes are present on separate plasmids, or on 

multiple cassettes on one plasmid. 
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[00122] In another embodiment, the inserted genes are modified for optimal expression by 

modifying the nucleic acid sequence to accommodate the cyanobacterial cell's protein translation 

system. Modifying the nucleic acid sequences in this manner can result in an increased 

expression of the genes. 

[00123] Methods to modify cyanobacterial cells with genetic modifications to produce 

compounds of interest are also described in U.S. Patent No. 9,315,820, U.S. Patent No. 

9,965,364, U.S. Patent No. 9,551,014, U.S Patent No. 9,476,067, U.S. Patent No. 9,493,794, and 

U.S Patent No. 9,353,400, all of which are incorporated by reference herein in their entireties. 

Codon Improvement of Recombinant Genes 

[00124] At least some of the heterologous nucleic acid sequences to be expressed in 

cyanobacterial host cells can be codon improved for optimal expression in the target 

cyanobacterial strain. The underlying rationale is that the codon usage frequency of highly 

expressed genes is generally correlated to the host cognate tRNA abundance. (Bulmer, Nature 

325:728-730; 1987). Codon improvement (sometimes referred to as codon optimization or 

codon adaptation) can be performed to increase the expression level of foreign genes. 

[001251 Codon improvement of the gene encoding the heme-containing protein can be 

performed for improved expression in the cyanobacterial host cell. Codon improvement can also 

be performed by adapting the codon usage of the at least one recombinant gene to the codon 

usage in Cyanobacterium sp., in particular ABICyano 1. In an embodiment, the G and/or C 

wobble bases in the codons for the amino acids in the at least one recombinant gene can be 

replaced by A and/or T because the G+C content of the genome of ABTCyanol is relatively low 

at about 36%. 

[00126] In an embodiment, only 2% to 6% or 1 % to 10% of the codons of variants of 

recombinant genes are codon improved. In another embodiment, highly codon improved variants 

of recombinant genes, at least 25%, to at least 50%, 65% or even at least 70% of the codons have 

been changed. In another embodiment, recombinant genes are used which are not codon 

improved. 

[00127] Codon improvement of heterologously derived genes (such as genes encoding 

antibiotic resistance genes, and the recombinant production genes) was guided by the 

ABICyanol codon usage table derived from ribosomal proteins and highly expressed genes 
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(such as photosynthesis genes). To improve heterologous gene expression, original sequences of 

interest were assessed with the online software OPTIMIZER (Puigbo P, Guzman E, Romeu A, & 

Garcia-Vallve S (2007) OPTIMIZER: a web server for optimizing the codon usage of DNA 

sequences Nucleic Acids Research 35(suppl 2):W126-W131) based on the codon-usage table 

derived from ABICyanol genome. 

[00128] The codon adaptation index is a measure of directional synonymous codon usage 

bias, and its potential applications, (see Nucleic Acids Research 15(3):1281-1295). The effective 

numberof codons (see, Wright F (1990) Gene 87(1 ):23-29) are designed match those of highly 

expressed genes (such as ribosomal proteins) in the ABICyanol genome. The resulting 

polynucleotides using improved codons were further modified and optimized to avoid the 

presence of any known or predicted putative ABICyano 1 endonuclease restriction sites (Aval, 

BsaHI, Kasl, Xhol, etc.); internal Shine-Dalgarno sequence and RNA destabilizing sequences; an 

internal terminator sequence; and a repeat sequence of greater than about 10 bp (see, Welch et 

al., PLOS One 4, e7002; 2009; and Welch et al., Journal of the Royal Society; Interface 6 (Suppl 

4), S467-S476; 2009). 

[00129] In an embodiment, the selectable marker genes are also modified so that they will 

have improved expression in cyanobacteria. For example, the selectable marker gene that confers 

gentamycin or kanamycin resistance was codon optimized for higher expression in 

cyanobacteria. In an embodiment, as a result of codon improvement, the G+C % of the antibiotic 

resistance genes decreased from 40-53% to 33-40%, which is similar to that of ABICyanol 

coding genes (about 36% on average). The codon adaptation index of the codon improved 

antibiotic resistance genes is significantly improved from less than 0.4 to greater than 0.8, which 

is similar to that of ABICyanol endogenous genes. Table 1, below, depicts the codon usage 

statistics within the cyanobacterial strain ABICyanol. 

Table 1: Codon Usage-ABICyanol 

Amino Codon Fraction Number Frequency 
Acid (/1000) 

Ala GCA 0.293 20724 18.356 

Ala GCC 0.214 15144 13.414 
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Ala GCG 0.14 9870 8.742 

Ala GCT 0.353 24915 22.068 

Arg AGA 0.347 16040 14.207 

Arg AGG 0.09 4158 3.683 

Arg CGA 0.106 4886 4.328 

Arg CGC 0.131 6043 5.353 

Arg CGG 0.039 1813 1.606 

Arg CGT 0.288 13329 11.806 

Asn AAC 0.22 14609 12.94 

Asn AAT 0.78 51712 45.804 

Asp GAC 0.193 11063 9.799 

Asp GAT 0.807 46399 41.098 

Cys TGC 0.218 2501 2.215 

Cys TGT 0.782 8976 7.95 

Gln CAA 0.806 43747 38.749 

Gln CAG 0.194 10554 9.348 

Glu GAA 0.787 60690 53.756 

Glu GAG 0.213 16451 14.571 

Gly GGA 0.324 22709 20.114 

Gly GGC 0.125 8720 7.724 

Gly GGG 0.151 10542 9.338 

Gly GGT 0.401 28065 24.859 

His CAC 0.251 4859 4.304 

His CAT 0.749 14516 12.858 

Ile ATA 0.195 18334 16.239 

Ile ATC 0.19 17872 15.83 
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Ile ATT 0.616 57964 51.342 

Leu CTA 0.088 10776 9.545 

Leu CTC 0.058 7129 6.314 

Leu CTG 0.033 4040 3.578 

Leu CTT 0.116 14162 12.544 

Leu TTA 0.571 69559 61.612 

Leu TTG 0.133 16235 14.38 

Lys AAA 0.836 59396 52.61 

Lys AAG 0.164 11694 10.358 

Met ATG 1 20093 17.797 

Phe TTC 0.172 8420 7.458 

Phe TTT 0.828 40450 35.829 

Pro CCA 0.169 7746 6.861 

Pro CCC 0.275 12613 11.172 

Pro CCG 0.066 3012 2.668 

Pro CCT 0.491 22560 19.982 

Ser AGC 0.088 6435 5.7 

Ser AGT 0.306 22393 19.835 

Ser TCA 0.14 10217 9.05 

Ser TCC 0.102 7465 6.612 

Ser TCG 0.044 3196 2.831 

Ser TCT 0.321 23473 20.791 

Thr ACA 0.26 15649 13.861 

Thr ACC 0.236 14251 12.623 

Thr ACG 0.083 5024 4.45 

Thr ACT 0.42 25340 22.445 
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Trp TGG 1 14964 13.254 

Tyr TAC 0.187 7364 6.523 

Tyr TAT 0.813 31912 28.266 

Val GTA 0.28 18541 16.423 

Val GTC 0.117 7778 6.889 

Val GTG 0.184 12184 10.792 

Val GTT 0.419 27713 24.547 

End TAA 0.63 2495 2.23 

End TAG 0.22 848 0.76 

End TGA 0.15 591 0.53 

Choice of Promoters 

[00130] The inserted genes can be controlled by one promoter, or they can be controlled 

by different individual promoters. The promoters can be constitutive or regulatable. The 

promoters can be, for example, inducible. The promoter sequences can be derived, for example, 

from the host cell, from another organism, or can be synthetically derived. 

[00131] Any desired promoter can be used to regulate the expression of the inserted genes. 

Exemplary promoter types include but are not limited to, for example, constitutive promoters, 

regulatable promoters such as inducible promoters (e.g., by nutrient source, nutrient starvation, 

heat shock, mechanical stress, environmental stress, metal concentration, specific metabolites, 

light exposure, etc.), endogenous promoters, heterologous promoters, and the like. Suitable 

promoter sequences are also disclosed, for example, in U.S. Patent No. 9,315, 820, US Patent 

No. 9,551,014, PCT/EP2012/067534, U.S. Patent No. 9,476,067, U.S. Patent No. 9,157,101, 

PCT/US2013/077364, U.S. Patent No. 9,493,794, and PCT/US2015/000210, all of which are 

hereby incorporated by reference in their entireties. 

[00132] The recombinant gene(s) can be under the transcriptional control of a constitutive 

promoter. In this way, a sustained level of transcription and, therefore, enzymatic activity of the 

corresponding protein can be maintained during the whole period of cultivation. For example, 

the constitutive promoter can be endogenous to the cyanobacterial cell. This has the advantage 

that no recombinant transcription factor has to be present in the host cell. The endogenous 
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promoter is usually well-recognized by the metabolically enhanced cyanobacterial cell without 

the need to introduce further genetic modifications. 

[001331 Suitable constitutive promoters include, without limitation, the PrpsL promoter 

(Gene ID: ABICyanol_orfl 758), PpsaA promoter (ABICyanol_orf3243), PpsbB 

(ABICyanol_orf2107), PcpcB promoter (ABICyanol_orf2472), PatpG (ABICyanol_orf1814), 

PrbcL promoter (ABICyanol_orfl369), and variations thereof. Further suitable endogenous 

constitutive promoters from genes with unknown function exhibiting appropriate transcriptional 

activity include, without limitation, the promoters of Gene IDs ABICyano _ orfl 924, 

ABICyano _ orfl 997, ABICyano _ orf3446, ABICyano _ orf0865, ABICyano _ orfl 919, 

ABICyano_orf3278, ABICyano_orfl 181, ABICyano_orfl627, ABICyano_orf0265 and 

ABICyano_orf2536, ABICyano_orf0615, and variants thereof. 

[00134] In an embodiment, the promoters can be derived from the cyanobacterial strain 

Cyanobacterium sp. PTA-13311, or they can be derived from another cyanobacterium or from 

another organism. In an embodiment, the promoters can be about 60%, 70%, 75%, 80%, 85%, 

90%, 95%, 97%, 99%, or 100 % identical to the promoter sequences described herein. 

The promoters can be regulatable promoters, such as inducible promoters. For 

example, certain promoters are up-regulated by the presence of a compound, while other 

promoters can be up-regulated by the absence of a compound (also termed "repressible"). 

[00136] Various promoters that can be used include promoters that are regulatable by the 

presence (or in other promoters, by the absence) of inductors such as different metal ions, 

different nutrient sources, different metabolites, different external stimuli such as heat, cold, 

salinity or light. In some embodiments, the regulatable or inducible promoters are induced under 

conditions such as nutrient starvation, stationary growth phase, heat shock, cold shock, oxidative 

stress, salt stress, light, darkness, metal ions, organic chemical compounds, and combinations 

thereof For example, a particularly tight control of the expression of gene can be achieved if a 

gene is under the transcriptional control of a Zn-, Ni-, or Co-inducible promoter. Exemplary Zn­

regulatable promoters and their variants are described, for example, in International Application 

No. PCT/EP2013/077496. Exemplary Zn, Ni, and Co-regulatable promoters are described, for 

example, in International Application No. PCT/2012/076790, both of which are incorporated by 

reference herein in their entireties. 
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[00137] In a further embodiment, the regulatable or inducible promoter is inducible by a 

change of a metal-ion concentration. Such a change of metal-ion concentration includes for 

instance the addition or depletion of certain metal ions. Suitable inducible promoters include, 

without limitation, the PziaA promoter, the PsmtA promoter, PaztA promoter, the PcorT 

promoter, the PnrsB promoter, the PpetJ promoter, PpetE promoter, the Porf03 l 6 promoter, the 

Porf0221 promoter, the Porf0223 promoter, the Porf3126 promoter, the PmntC promoter, and 

variations thereof. 

[00138] Preferably, the regulatable or inducible promoter is endogenous to the 

cyanobacterial cell. An endogenous inducible promoter is usually well-recognized by the 

metabolically enhanced cyanobacterial cell without the need to introduce further genetic 

modifications. 

[00139] In further embodiments, the choice of regulatable or inducible promoters can 

include, but are not limited to, PntcA, PnblA, PisiA, PpetJ, PggpS, PpsbA2, PsigB, PlrtA, PhtpG, 

PnirA, PnarB, PnrtA, PhspA, PclpBl, PhliB, PcrhC, PziaA, PsmtA, PcorT, PnrsB, PnrsB916, 

PaztA, PbmtA, Pbxal, PzntA, PczrB, PnmtA, PpstS, and the like. 

[001401 The regulatable or inducible promoter can, for instance, also be a nitrate inducible 

promoter. Suitable nitrate inducible promoters include, without limitation, the PnirA promoter, 

the PnrtA promoter, the PnarB promoter, and variations thereof. 

[00141] In certain other preferred embodiments, truncated or partially truncated versions 

of these promoters including only a small portion of the native promoters upstream of the 

transcription start point, such as the region ranging from -35 to the transcription start can often 

be used. Furthermore, introducing nucleotide changes into the promoter sequence, e.g. into the 

TATA box, the operator sequence, 5'-untranslated region and/or the ribosomal binding site 

(RBS) can be used to tailor or optimize the promoter strength and/or its induction conditions, e.g. 

the concentration of inductor required for induction. In some preferred variants, the different 

inducible promoters are inducible by different metal ions. 

[00142] The promoters hspA, clpBl, and hliB can be induced by heat shock (raising the 

growth temperature of the host cell culture from 30°C to 40°C), cold shock (such as, for 

example, reducing the growth temperature of the cell culture from 30°C to 20°C), oxidative 

stress (for example by adding oxidants such as hydrogen peroxide to the culture), or osmotic 

stress (for example by increasing the salinity). The promoter sigB can be induced by stationary 
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growth, heat shock, and osmotic stress. The promoters ntcA and nblA can be induced by 

decreasing the concentration of nitrogen in the growth medium and the promoters psaA and 

psbA2 can be induced by low light or high light conditions. The promoter htpG can be induced 

by osmotic stress and heat shock. The promoter crhC can be induced by cold shock. An increase 

in copper concentration can be used in order to induce the promoter petE, whereas the promoter 

petJ is induced by decreasing the copper concentration. Additional details of these promoters 

can be found, for example, in PCT/EP2009/060526, which is incorporated by reference herein in 

its entirety. 

[00143] In an embodiment, the promoters of any of the above embodiments may be 

selected from the endogenous inducible promoters identified in Cyanobac:terium sp. with the 

ATCC accession number PTA-13311 ("ABICyanol ") as listed in Table 2 below, and variants 

thereof. 

Table 2: Cyanobacterium sp. ABICyanol endogenous promoter sequences 

Promoter SEO ID NO: 
PnirA 25 

Porf3126 (PsmtA) 26 

PnrtA 27 

Porf3461 (PpetJ) 28 

PnarB 29 

Porfl 071 (PmntC) 30 

Porf0221 31 

Porf0223 32 

Porf0316 33 

Porf0128 34 

Porf1486 35 

Porf3293 36 

Porf3621 37 

Porf3635 38 

Porf3164 39 

Porf1072 40 

Porf1074 41 

Porf1075 42 

Porf1542 43 

Porf1823 44 

Porf0222 45 

Porf3232 46 

Porf3749 47 

PrbcL (Prbc) 48 
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PrnpA 49 

PrpsL 50 

PrpoA 51 

PpsaA 52 

PpsbA2 53 

PpsbD 54 

PcpcB 55 

[00144] In certain other preferred embodiments, truncated or partially truncated versions 

of these promoters including only a small portion of the native promoters upstream of the 

transcription start point, such as the region ranging from -35 to the transcription start can often 

be used. Furthermore, introducing nucleotide changes into the promoter sequence, e.g. into the 

TATA box, the operator sequence and/or the ribosomal binding site (RBS) can be used to tailor 

or optimize the promoter strength and/or its induction conditions, e.g. the concentration of 

inductor required for induction. 

Plasmid Vector Construction 

[00145] In an embodiment, the cyanobacterial strain ABICyanol is transformed to 

produce the heme-containing protein. Methods for producing a genetically enhanced, non­

naturally occurring cyanobacterial host cells are disclosed herein. In an embodiment, methods 

include introducing a recombinant nucleic acid sequence into a cyanobacterial host cell. At least 

one recombinant gene can be introduced into the host cells through the transformation of the host 

cell by an extrachromosomal plasmid. In an embodiment, the extrachromosomal plasmid can 

independently replicate in the host cell. In another embodiment, at least one recombinant gene 

can be introduced into the genome of the host cell. In yet another embodiment, at least one 

recombinant gene is introduced into the genome of the host cell by homologous recombination. 

[00146] Genetically enhanced cyanobacterial cells can include further genetic 

enhancements such as partial deletions of endogenous genes or other recombinant genes which 

can increase the overall yield of the compound being produced by the host cells. Examples of 

such genetic enhancements are described in PCT patent publication number WO 2009/098089 

A2, which is hereby incorporated by reference in its entirety. 

[00147] In another embodiment, genetic enhancements of the genes encoding enzymes of 

the carbon fixation and subsequent carbohydrate metabolism can be genetically enhanced to 
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further increase the production of a compound of interest. Genetic enhancement targets include, 

but are not limited to, components of the photosystems (antennas and pigment modification), and 

components of the photosynthetic and respiratory electron transport systems. Genetic 

enhancement targets include local and global regulatory factors including, but not limited to, the 

two component system, sigma factors, small regulating RNAs and antisense RNAs. 

[00148] In an embodiment, a recombinant nucleic acid sequence can be provided as part 

of an extrachromosomal plasmid containing cyanobacterial nucleic acid sequences in order to 

increase the likelihood of success for the transformation 

[00149] In another embodiment, the method for producing a genetically enhanced 

cyanobacterial cell uses an extrachromosomal plasmid derived from an endogenous plasmid of 

the host cell to introduce a recombinant nucleic acid sequence into the host cell. This endogenous 

plasmid can be, for example, an extrachromosomal plasmid derived from the 6.8 kb endogenous 

plasmid of ABICyanol. 

[00150] In an embodiment, the cyanobacterial strain ABICyanol is transformed to 

produce the heme-containing protein. It has been found that the use of modified endogenous 

plasmids improves the stability of the plasmid in the host cell. The cyanobacterial strain 

ABICyanol contains three endogenous plasmids. In combination with other genotypic and 

phenotypic attributes, these endogenous plasmids differentiate ABICyanol from other 

cyanobacterial species. One plasmid is 6,826 base pairs, another is 39,702 base pairs, and a third 

plasmid is 28,554 base pairs. The 6,826 bp endogenous plasmid is alternatively referred to 

herein as pABICyanol, p6.8 or 6.8. As disclosed herein, plasmid 6.8 has been modified in vivo 

and in vitro for use as a plasmid vector containing genes of interest for the production of 

compounds of interest. In an embodiment, a modified endogenous vector derived from p6.8 

from ABlCyanolwas developed. The modified endogenous vector from ABICyanol can be used 

to transform cyanobacteria from a broad range of genera, including ABICyano I itself 

[00151] In certain embodiments, the present invention includes the p6.8 plasmid and 

modified vectors comprising sequences of the p6.8 plasmid. In an embodiment, the modified 

endogenous vector contains at least one of the following: a recombinant gene that encodes a 

heme-containing protein; and an origin of replication suitable for replication in ABICyano 1. 

[00152] Other suitable plasmids that can be used to carry genes of interest in several 

strains of cyanobacteria (such as, for example, Synechocystis, Synechococcus 7002 and 
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Anabaena), are the RSF1010-based shuttle plasmids (extrachromosomal broad-host vector) such 

as pVZ321-6 series (described, for example, in PCT/EP2009/060526 and in 

PCT/EP2009/000892, both of which are incorporated herein by reference in their entireties). 

Further, the plasmid vector described in U.S. Patent No. 9,476,067 can be utilized to carry 

heterologous genes of interest in many cyanobacterial species. 

[00153] In certain embodiments, a gene coding for a replication initiation factor that binds 

to the origin of replication can either be present on the modified endogenous vector or can be 

present in the chromosomes or other extrachromosomal plasmids of ABTCyano 1. An origin of 

replication suitable for replication in ABICyanol and the gene coding for the replication 

initiation factor binding to that origin of replication ensure that the modified endogenous vector 

can be replicated in ABICyanol. 

[00154] In an embodiment, the nucleotide sequence of an origin of replication of the 

modified endogenous plasmid vector can have at least 80%, 90%, and 95% identity or can be 

identical to the nucleotides 3375 to 3408 of the sequence of the endogenous 6.8 kb plasmid (SEQ 

ID NO: 17). 

[00155] In an embodiment, the sequence of the gene coding for the replication initiation 

factor has at least 80%, 90%, and 95% identity or is identical to nucleotides 594 to 3 779 of the 

sequence of the endogenous 6.8 kb plasmid (SEQ ID NO: 17). In an embodiment, the gene 

coding for the replication initiation factor codes for a protein having at least 80%, 90%, and 95% 

sequence identity or is identical to the protein coded by nucleotides 594 to 3779 of the sequence 

of the endogenous 6.8 kb plasmid (SEQ ID NO: 17) of ABICyanol. This putative initiation 

replication factor is thought to bind to the putative origin of replication, thereby ensuring the 

replication of a plasmid containing the initiation factor in ABICyano 1. 

[00156J In an embodiment, a modified endogenous plasmid vector can contain a sequence 

having at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 

80%, at least 85%, at least 90% or at least 95% identity to the sequence of the endogenous 6.8 kb 

plasmid (SEQ ID NO: 17). In another embodiment, the modified endogenous vector contains the 

entire p6.8 endogenous plasmid from ABICyanol. 

[00157] In another embodiment, gene delivery vehicles that are developed using the 

endogenous 6.8 kb plasmid (or a portion of the plasmid) containing characteristic portions of the 

endogenous 6.8 kb plasmid may be able to be efficiently transformed into a wide range of 
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cyanobacteria. In an embodiment, characteristic portions of the 6.8 kb endogenous plasmid from 

ABICyanol include portions that enable it to replicate in a host cell (origin ofreplication and 

replication initiation factor, for example) and can be referred to as the backbone of the 

endogenous 6.8 kb plasmid. Such vectors may also be able to efficiently produce heterologous 

proteins and other compounds of interest in cyanobacterial cultures. 

[00158] In another embodiment, modifications starting with the backbone of the 6.8 kb 

endogenous plasmid from ABICyanol are performed individually or together to increase 

transformation efficiency, increase the replication rate within the cell, and to increase the 

production of a desired product from the cyanobacterial cell. Suitable modifications include, for 

example, insertion of selection markers (such as antibiotic resistance genes), recombinant genes 

or cassettes for the production of a desired compound, and other modifications to increase the 

expression or stability of the plasmid in the cyanobacterial cell. In an embodiment, the invention 

includes cyanobacteria, e.g. ABICyanol, comprising a modified p6.8 plasmid having any of 

these improved characteristics. 

[00159] In an embodiment, the modular design of the p6.8 derived vector allows complex 

sequence manipulation in cyanobacteria. 

[00160] Several exemplary strains and plasmids carrying genes encoding heme-containing 

proteins are listed below in Table 3. The plasmid maps and SEQ ID NOs of these constructs are 

shown below. 

Table 3: Cyanobacterial Strains and Plasmids for Production of Heme-containing Proteins 

SEQ 
ID 

Plasmid NO: FIG 
Strain No. Genotype Construct Details • # 

ABICyano p6.8 wild-type ( control) p6.8 endogenous 17 1 
1 plasmid from 

ABICyanol 
AB1304 #2884 pAB1_6.8::PsmtA- Zinc inducible 18 2 

legH _ Gm(AB lopt)- express10n of codon-
TpsaB optimized 

leghemoglobin C2 from 
Glycine max 
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AB1305 #2885 pAB1_6.8::PsmtA- Zinc inducible 19 3 
legH _ As(AB lopt)- expression of codon-
TpsaB optimized 

leghemoglobin from 
A stra!<alus sinicus 

AB1306 #2886 pAB1_6.8::PsmtA- Zinc inducible 20 4 
legH _ Cc(AB lopt)- expression of codon-
TpsaB optimized 

leghemoglobin from 
Cajanus cajan 

AB1307 #2887 pAB1_6.8::PsmtA- Zinc inducible 21 5 
glbN_ S6803(AB 1 opt)- expression of codon-
TpsaB optimized cyanoglobin 

from Synechocystis sp. 
PCC 6803 

AB1308 #2888 pAB1_6.8::PsmtA- Zinc inducible 22 6 
glbN_Ap8005(ABlopt) expression of codon-
-TpsaB optimized cyanoglobin 

from Arthrospira 
platensis PCC 8005 

AB1309 #2889 pAB1_6.8::PsmtA- Zinc inducible 23 7 
legH _ Gm(AB lopt)- expression of codon-
TpsaB-PnirA'- optimized 
anti HOl vl leghemoglobin C2 from 

Glycine max and nitrate 
inducible sRNA 
knockdown of heme 
oxygenase 
AB 1. 1 orf29000 

AB1310 #2890 pAB1_6.8::PsmtA- Zinc inducible 24 8 
glbN_ S6803(AB 1 opt)- expression of codon-
TpsaB-PnirA'- optimized cyanoglobin 
anti HOl vl from Synechocystis sp. 

PCC6803 and nitrate 
inducible sRNA 
knockdown of heme 
oxygenase 
AB 1. 1 orf29000 

AB0492 NA ~cpcA PC less strain (control) -- --

(UD3) 
AB1336 #2942 pABICyano1_6.8::Pcpc Constitutive expression 56 9 

B- of codon-optimized 

glbN_ S6803(ABTCyan cyanoglobin from 

olopt)-TpsaB- Synechocystis sp. 
PCC6803 and copper 
inducible sRNA 

32 



Motif Exhibit 1150, Page 1314 of 1599

Case No.: IPR2023-00206 
U.S. Patent No. 11,224,241

WO 2019/079135 PCT/US2018/055785 

Porf0316'- knockdown of heme 
anti HOl vl oxygenase 

ABICyano 1.1 _ orf2900 
0 

AB1364 #2994 pAB 1 _ 6. 8: :PcpcB- Constitutive expression 57 10 
glbN_ Ap8005(AB l opt) of codon-optimized 

-TpsaB cyanoglobin from 
Arthrospira sp. PCC 
8005 

AB4005 #3022 pABICyanol _ 6.8::Pcpc Constitutive expression 58 11 
B- of codon-optimized 
glbN_ S6803(ABICyan cyanoglobin from 
olopt)-TpsaB-PcpcB- Synechocystis sp. 
glbN _ S6803(ABICyan PCC6803 (2 copies in 
olopt)-TpsaB- tandem) and copper 
Porf0316'- inducible sRNA 
anti HOl vl knockdown of heme 

oxygenase 
ABICyano 1.1 _ orf2900 
0 

AB4011 #2942 AcpcA Constitutive expression -- --
pABICyano1_6.8::Pcpc of codon-optimized 

B- cyanoglobin from 

glbN _ S6803(ABICyan Synechocysti s sp. 

olopt)-TpsaB- PCC6803 and copper 

Porf0316'- inducible sRNA 

anti HOl vl (in PC- knockdown of heme 

deficient background) 
oxygenase 
ABICyanol .1 _ orf2900 
0 (in a PC-deficient 
background) 

AB4012 #3022 AcpcA Constitutive expression -- --

pABICyano 1 _ 6.8: :Pepe of codon-optimized 
B- cyanoglobin from 
glbN_ S6803(ABICyan Synechocystis sp. 
o 1 opt )-TpsaB-PcpcB- PCC6803 (2 copies in 
glbN_ S6803(ABICyan tandem) and copper 
olopt)-TpsaB- inducible sRNA 
Porf0316'- knockdown of heme 
anti HOl vl (in PC- oxygenase 
deficient background) ABICyano 1.1 _ orf2900 

0 (in a PC-deficient 
background) 

AB4041 #2949 nblA2: :PcpcB 1918- Constitutive expression 59 12 
glbN_ Ap8005-TpsaB- of glbN from 

Arthrospira SP. PCC 
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PrbcL2293-ble- 8005 m Arthrospira 
TB1002 platensis PCC9 l 08 

AB4065 #3057 nblA2: :PcpcB 1918- Constitutive expression 60 13 
glbN_ Ap8005- of glbN (2 copies in 
PcpcB 1918 _glbN_ Ap8 tandem) from 
005-TpsaB-PrbcL2293- Arthrospira sp. PCC 
ble-TB 1002 8005 m Arthrospira 

platensis PCC9 l 08 
AB4066 #3057 nblA2::PcpcB1918- Constitutive expression -- --

glbN_ Ap8005- of glbN (2 copies m 
PcpcB 1918_glbN_Ap8 tandem) from 
005-TpsaB-PrbcL2293- Arthrospira sp. PCC 
ble-TB 1002 8005 m a derivative 

strain of Arthrospira 
platensis PCC9 l 08 

[00161] In yet another embodiment, the method for producing a genetically enhanced 

cyanobacterial cell involves protecting the recombinant nucleic acid sequence, for example a 

plasmid, against endogenous restriction endonucleases of the host cell by methylating at least a 

part of the recombinant nucleic acid sequence or modifying and/or eliminating the recognition 

sequences of the endogenous restriction endonucleases. By changing the nucleic acid sequence 

of potential recognition sites of restriction endonucleases, a digest of the recombinant nucleic 

acid sequence can be avoided. It was discovered that endogenous restriction endonucleases of 

ABICyanol, for example, can cut an extrachromosomal plasmid carrying recombinant genes, 

thereby preventing a genetic transformation event of this host cell. 

[00162] In an embodiment, methyltransferases, for example Aval and Acy I, can be used to 

protect recombinant vector extrachromosomal plasmids. The plasmids can either be incubated 

with the methyltransferases in vitro or a helper plasmid can be present in a helper E. coli strain in 

order to methylate the extrachromosomal plasmids in vivo before conjugation takes place during 

the transformation of ABICyano 1. In another embodiment, recognition sequences for the 

restriction enzymes can be modified or deleted. As described by Elhai and Wolk (Conjugal 

Transfer of DNA to Cyanobacteria in Methods in Enzymology 02/1988; 167:747-54, herein 

incorporated by reference), plasmid pRL528 can be used as a helper plasmid for conjugal 

transfer. The indicated genes are M. A val coding for the methyltransferase protecting against the 

restriction endonuclease Aval and the respective gene coding for M. AvaII. The latter is not 

required for transformation of ABICyanol, as it lacks any endonuclease activity of AvaII. 
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[00163] In an embodiment, the vector to be transformed into cyanobacterial host cells can 

be modified to integrate into the cyanobacterial chromosome by adding an appropriate DNA 

sequence homologous to the target region of the host genome. In another embodiment, the vector 

to be transformed can be modified to integrate into the cyanobacterial chromosome through in 

vivo transposition by introducing mosaic ends to the vector. Once the plasmid is established in 

the host cell, it can be present, for example, at a range of from l to many copies per cell. 

[00164] In an embodiment, an endogenous plasmid derived from ABICyanol can be 

modified, either in vivo or in vitro, to be a plasmid vector capable of introducing exogenous 

genes encoding enzymes for the production of a compound or compounds of interest into a wide 

range of host cyanobacterial cells such as ABICyanol, Cyanobacterium sp., or other 

cyanobacterial genera such as Synechocystis and Synechococcus. 

[00165] In an embodiment, the ABICyanol 6.8 kb endogenous plasmid is used as a 

backbone for a plasmid vector used for transformation of Cyanobacterium sp. Since this is the 

endogenous vector from the species, it is likely to be more stable when transformed into the cell 

than plasmids derived from completely different organisms. In an embodiment, the entire p6.8 

endogenous plasmid is inserted into a vector used for transformation. In another embodiment, a 

sequence of about 50%, 70%, 75%, 80% 85%, 90%, 95%, 98%, 99%, or 99.5% identity to the 

entire endogenous plasmid sequence is inserted into the extrachromosomal plasmid vector. 

[00166] In an embodiment, a modified p6.8 vector is designed to have several modular 

units that can be swapped out using specific restriction enzymes. Promoters, genes of interest, 

selectable markers, and other desired sequences can be moved in and out of the vector as desired. 

This modular design makes genetic experiments faster and more efficient. 

[00167] The modified p6.8 vector, according to certain embodiments of the disclosure, can 

replicate in both cyanobacteria and in E. coli. The vector contains a replication unit that can 

function in a broad range of cyanobacterial genera. The vector also contains a replicon for 

propagation in E. coli for ease of cloning and genetic manipulation using E. coli. 

[00168] In an embodiment, a plasmid shuttle vector is provided which is characterized by 

being replicable in both E. coli and cyanobacterial species. The plasmid comprises a promoter 

capable offunctioning in cyanobacteria and E. coli and a DNA sequence encoding a sequence 

capable offunctioning as a selective marker for both E. coli and cyanobacteria. In another 

embodiment, the shuttle vector includes two different promoter systems, one functioning in 
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cyanobacteria and the other one functional in E. coli. In an embodiment, the plasmid shuttle 

vector contains at least 50% of the p6.8 plasmid. The plasmid shuttle vector enables the efficient 

transformation of cyanobacteria and the expression of recombinant genes of interest. 

[00169] In another embodiment, the p6.8 derived plasmid vector also contains an origin of 

transfer (oriT) which is suitable for conjugation. In particular, the plasmid vector can contain a 

combined origin of replication and an origin of transfer ( oriVT), which enables replication in 

r,11terobacteriaceae, in particular Ji. coli, and which also enables conjugation with, for example, 

an F,. coli donor strain and Cyanohacterium sp., in particular ABICyano 1 as a recipient strain. 

Such an plasmid vector can be used for triparental mating wherein a conjugative plasmid present 

in one bacterial strain assists the transfer of a mobilizable plasmid, for example a plasmid vector 

disclosed herein, present in a second bacterial strain into a third recipient bacterial strain, which 

can be ABICyano 1. 

[00170] Also disclosed herein is a non-naturally occurring plasmid vector in which a gene 

encoding a heme-containing protein of interest is operably linked to a shuttle vector. In an 

embodiment, cyanobacterial cells are transformed with the recombinant shuttle vector. The 

recombinant shuttle vector is relatively small in size, relatively stable in a cyanobacterial host 

cell, and can replicate in a variety of cyanobacterial species. This recombinant vector is useful 

for expressing a variety of heterologous genes in cyanobacteria. 

[00171] In an embodiment for transforming host cells with modified plasmid vectors, a 

shuttle vector expresses a codon-optimized antibiotic resistance gene (AbR), such as codon 

improved kanamycin or gentamycin resistance genes. In an embodiment, the shuttle vector is 

constructed based on a modular basis so that all of the key elements (replication ori, AbR gene 

and reporter gene) are exchangeable via unique restriction sites thus providing versatile cloning 

options and facilitating the delivery of genes of interest to target organisms. Other antibiotic 

resistance genes can be used if desired. For example, genes conferring resistance to ampicillin, 

chloramphenicol, erythromycin, zeocin, kanamycin, gentamycin, spectinomycin or other 

antibiotics can be inserted into the vector, under the control of a suitable promoter. In some 

embodiments, the vector contains more than one antibiotic resistance gene. 

[00172] In yet another embodiment, the plasmid is modified by several factors so that it is 

capable of efficient replication in multiple types of cyanobacterial species. The vector has also 

been organized so that various sequences can be easily replaced with other desired sequences as 
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needed. Thus, a construct having a different gene ( or genes) of interest, a different antibiotic, a 

different promoter, etc. can be made with relative ease. The modified vector allows for rapid 

testing of various heterologous constructs in a cyanobacterial cell. 

[00173] The transfer of exogenous genes into cyanobacteria often involves the 

construction of vectors having a backbone from a broad-host range bacterial plasmid, such as 

RSF 1010. The RSF 1010-based vector has been widely used as a conjugation vector for 

transforming bacteria, including cyanobacteria (Mermet-Bouvier et al. ( 1993) "Transfer and 

Replication ofRSFl 010-derived Plasmids in Several Cyanobacteria of the Genera Synechocystis 

and Synechococcus" Current Microbiology 27:323-327). RSF1010 has anE. coli origin of 

replication, but does not have a cyanobacterial origin of replication. 

[001741 As an example of additional tools used to transfer exogenous genes into 

cyanobacteria, several endogenous plasmids from Synechococcus sp. PCC 7002 were used as the 

backbone portions for plasmids to prepare vectors for heterologous gene expression, see Xu et 

al., Photosynthesis Research Protocols 684:273-293 (2011 ). Other vectors for transformation of 

cyanobacteria include the pDUl-based vectors. The pDUl origin of replication is best suited for 

filamentous cyanobacteria. Attempts to transform ABICyanol, with either RSF1010 or pDUl­

based shuttle vectors were unsuccessful using the techniques as described in the art. 

[00175] In an embodiment, cyanobacteria disclosed herein can be transformed to add 

biochemical pathways to produce heme-containing proteins of interest. In an embodiment, the 

recombinant nucleic acids of interest can be amplified from nucleic acid samples using known 

amplification techniques. PCR can be used to amplify the sequences of the genes directly from 

mRNA, from cDNA, from genomic libraries or cDNA libraries. PCR and other in vitro 

amplification methods may also be useful, for example, to clone nucleic acid sequences that code 

for proteins to be expressed, to make nucleic acids to use as probes for detecting the presence of 

the desired mRNA in samples, and for nucleic acid sequencing. 

[00176] In an embodiment, recombinant genes are present on an extrachromosomal 

plasmid having multiple copies per cell. The plasmid can be present, for example, at about 1, 3, 

5, 8, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, or more copies per cyanobacterial host cell. In an 

embodiment, the recombinant plasmids are fully segregated from the non-recombinant plasmids. 
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[00177] In another embodiment, recombinant genes are present on one cassette driven by 

one promoter. In another embodiment, the recombinant genes are present on separate plasmids, 

or on different cassettes. 

[00178] In yet another embodiment, recombinant genes are modified for optimal 

expression by modifying the nucleic acid sequence to accommodate the cyanobacterial cell's 

protein translation system. Modifying the nucleic acid sequences in this manner can result in an 

increased expression of the genes. 

Transformation of Cyanobacterial Cells 

[00179] Some strains of cyanobacteria can be transformed through natural uptake of 

exogenous DNA. Other cyanobacterial strains can be transformed, for example, by the use of 

conjugation or electroporation. Some cyanobacterial strains are difficult to transform by any 

known means. For many of these types of difficult to transform strains, specific methods of 

preparing the cells for transformation, as well as specific methods of allowing entry of the 

foreign DNA into the cells, need to be designed de novo. 

[00180] Exemplary cyanobacteria that can be transformed include, but are not limited to, 

Synechocystis, Synechococcus, Acmyochloris, Anabaena, Arthrospira, Thermosynechococcus, 

Chamaesiphon, Chroococcus, Cyanobacterium, Cyanobium, Dactylococcopsis, Gloeobacter, 

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

Cyanocystis, Dermocarpella, Myxosarcina, Pleurocapsa, Stanieria, Xenococcus, 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, 1'olypothrix, Cyanothece, Phormidium, Adrianema, and the like. 

[00181] Exemplary methods suitable for transformation of Cyanobacteria, include, as 

nonlimiting examples, natural DNA uptake (Chung, et al. (1998) FEMS Microbial. Lett. 164: 

353-361; Frigaard, et al. (2004) Methods Mol. Biol. 274: 325-40; Zang, et al. (2007) J. 

Microbial. 45: 241-245), conjugation, transduction, glass bead transformation (Kindle, et al. 

(1989) J. Cell Biol. 109: 2589-601; Feng, et al. (2009) Mol. Biol. Rep. 36: 1433-9; U.S. Pat. No. 
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5,661,017), silicon carbide whisker transformation (Dunahay, et al. (1997) Methods Mol. Biol. 

(1997) 62: 503-9), biolistics (Dawson, et al. (1997) Curr. Microbial. 35: 356-62; Ballmann, et al. 

(1997) Proc. Natl. Acad. USA 94: 7469-7474; Jakobiak, et al. (2004) Protist 155:381-93; Tan, et 

al. (2005) J. Microbial. 43: 361-365; Steinbrenner, et al. (2006) Appl Environ. Microbial. 72: 

7477-7484; Kroth (2007) Methods Mol. Biol. 390: 257-267; U.S. Pat. No. 5,661,017) 

electroporation (Kjaerulff, et al. (1994) Photosynth. Res. 41: 277-283; Iwai, et al. (2004) Plant 

Cell Physiol. 45: 171-5; Ravindran, et al. (2006) J. Microbial. Methods 66: 174-6; Sun, et al. 

(2006) Gene 377: 140-149; Wang, et al. (2007) Appl. Microbial. Biotechnol. 76: 651-657; 

Chaurasia, et al. (2008) J. Microbial. Methods 73: 133-141; Ludwig, et al. (2008) Appl. 

Microbial. Biotechnol. 78: 729-35), laser-mediated transformation, or incubation with DNA in 

the presence of or after pre-treatment with any of poly(amidoamine) dendrimers (Pasupathy, et 

al. (2008) Biotechnol. J. 3: 1078-82), polyethylene glycol (Ohnuma, et al. (2008) Plant Cell 

Physiol. 49: 117-120), cationic lipids (Muradawa, et al. (2008) J. Biosci. Bioeng. 105: 77-80), 

dextran, calcium phosphate, or calcium chloride (Mendez-Alvarez, et al. (1994) J. Bacterial. 176: 

7395-7397), optionally after treatment of the cells with cell wall-degrading enzymes (Perrone, et 

al. (1998) Mol. Biol. Cell 9: 3351-3365). Biolistic methods (see, for example, Ramesh, et al. 

(2004) Methods Mol. Biol. 274: 355-307; Doestch, et al. (2001) Curr. Genet. 39: 49-60; all 

incorporated herein by reference in their entireties). 

[00182] In an embodiment, the cyanobacterial strain ABICyanol is used as the host cell 

for production of the heme-containing protein. In addition to the conjugation methods described 

below in the example section, electroporation can also be used for successful transformation of 

ABICyano 1, although at a somewhat lower efficiency. Strain-specific adaptations of standard 

electroporation protocols may be made to avoid DNA digestion by endogenous restriction 

enzymes and to allow DNA entry through the EPS layer of ABICyanol host cells. To achieve 

successful electroporation, DNA may be protected against endogenous restriction enzymes by 

methylation. Prior to electroporation using techniques well known in the art, ABICyanol cells 

may be 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. 
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Selecting for Successful Transformation 

[00183] In an embodiment, the presence of a foreign gene encoding antibiotic resistance in 

a cell is selected by placing putatively transformed cells into a media containing an amount of 

the corresponding antibiotic and selecting cells that survive. The selected cells are then grown in 

the appropriate culture medium to allow for further testing. 

[00184] In another embodiment, colony PCR methods are used to confirm transformants. 

In certain embodiments of this procedure, three primer sets are used and are directed against 

parts of the shuttle vectors to detect specific fragments of the shuttle vector. Transform ants 

exhibiting the predicted PCR products are analyzed further by plasmid rescue. In one 

embodiment for plasmid rescue, a 25 mL liquid culture is subjected to DNA isolation. 

[00185] In a non-limiting example of plasmid rescue, 500 ng to 1 µg of isolated DNA from 

transformants containing the transformed plasmids is re-transformed into E. coli and usually 

results in approximately 10-20 transformants per transformation implemented. Plasmid DNA of 

ten E. coli colonies is isolated and analyzed by PCR using specific primers for the transformed 

plasmids. The plasmid DNA is further analyzed with specific restriction enzymes and then 

sequenced. 

Further Modifications to Improve Heme-containing Protein Production 

[00186] Several additional modifications can be made to improve the levels of heme-

containing protein present in a host cell. One suitable example is a modification that results in a 

lower level of heme oxygenase in the host cell. This can be achieved, for example, by use of an 

inducible sRNA designed to target the heme oxygenase. Examples 9 and 10 provide further 

details of this procedure. As shown in FIG. 16, this combined procedure results in a much higher 

level of heme-containing protein. 

[00187] Another method of increasing the heme-containing protein level is by additional 

modifications that result in an increase in the flux through ferrochelatase. This can be 

accomplished, for example, by a knockdown of the gene encoding magnesium chelatase 

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

or a gun4(W192A) mutation. FIG. 14 provides a schematic diagram showing the pathway 

interactions that can affect the levels of production of the heme-containing protein. Culture 
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medium modifications can also be used to increase the level of the heme-containing protein 

produced in the cyanobacterial cells. Examples of these modifications include but are not 

limited to magnesium-starvation, iron supplementation, and nitrogen-starvation. A combination 

of these methods and genetic modifications can also be used. 

Phycocyanin Deficiency in the Host Cell Improves Heme Production Levels 

[00188] Heme-containing proteins can be produced at even higher levels when the host 

cells have a phycocyanin-deficient background. This is demonstrated in Examples 13 and 14. 

The phycocyanin deficiency can be obtained, for example, by a knockout of the phycocyanin 

gene. The phycocyanin deficiency can also be obtained, for example, by an inducible or 

constitutive knockdown of the phycocyanin gene, such as by the use of a sRNA or anti sense 

molecule that targets phycocyanin levels. 

Cultivation of Cyanobacterial Cells to Produce the Heme-containing Protein 

[00189] In an embodiment, a heme-containing protein is synthesized in cyanobacterial 

cultures by preparing host cyanobacterial cells having the gene constructs discussed herein, and 

growing cultures of the cells. 

[00190] Methods of growing cyanobacteria in liquid media and on agarose-containing 

plates are well known to those skilled in the art (see, e.g., websites associated with ATCC). Any 

of these methods or media maybe used to culture the cyanobacterial cells. A number of known 

recipes for cyanobacterial growth medium can be used. In an embodiment, BGl 1 medium is 

used, see Stanier, R.Y., et al., Bacterial. Rev. 1971, 35: 171-205, which is hereby incorporated 

by reference. 

[00191] In an embodiment, the cyanobacterial strain is a fresh water strain, and BG 11 is 

used. In another embodiment, the cyanobacteria culture grows best in a marine (salt water) 

medium, by adding an amount of salt to the BG 11 medium. In an embodiment, marine BG 11 

(mBGl 1) contains about 35 practical salinity units (psu), see Unesco, The Practical Salinity 

Scale 1978 and the International Equation of State of Seawater 1980. Tech. Pap. Mar. Sci., 1981, 

36: 25 which is hereby incorporated by reference. 
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[00192] In an embodiment, the cells are grown autotrophically, and the only carbon source 

is CO2. In another embodiment, the cells are grown mixotrophically, for example with the 

addition of another carbon source such as glycerol or glucose. 

[00193] The cultures can be grown indoors or outdoors. The light cycle can be set as for 

continuous light, or for periodic exposure to light, e.g., 16 hours on and 8 hours off, or 14 hours 

on and l 0 hours off, or 12 hours on and 2 hours off, or any alternative variation of on and off 

hours oflight comprising about a day. 

[00194] 

species. 

[00195] 

The cultures can be axenic, or the cultures can also contain other contaminating 

In an embodiment, the cyanobacteria are grown in enclosed bioreactors in 

quantities of at least about 1 L, 20L, SOL, 100 L, 500 L, 1,000 L, 2,000 L, 5,000 L, or more. In a 

preferred embodiment the bioreactors are about 20 L to about 100 L. In an embodiment, the 

cyanobacterial cell cultures are grown in disposable, flexible, and tubular photobioreactors made 

of a clear plastic material. 

[00196] In another embodiment, cultures are grown indoors or outdoors with continuous 

light, in a sterile environment. In another embodiment, the cultures are grown outdoors in an 

open pond type of photobioreactor. 

[00197] The choice of culture medium can depend on the cyanobacterial species. In an 

embodiment of the invention, the following BGl 1 medium for growing cyanobacteria can be 

used. When salt water species are grown, NaCl is added to the culture medium. 

Table 4: Culture Medium 

BGll Medium 

Comuound Amount 

NaNO3 1.5 g 

K2HPO4 0.04 g 

MgSQ4·7H2O 0.075 g 

CaCh·2H2O 0.036 g 

Citric acid 0.006 g 

Ferric ammonium citrate 0.006 g 

EDTA (disodium salt) 0.001 g 
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NaCO3 0.02 g 

Trace metal mix AS 1.0 ml 

Distilled water l.0L 

------------------------------------ ----------------------------

Comuosition of Trace Metal Mix 

Comuound Amount 

H3BQ3 2.86 g 

MnCb4H2O 1.81 g 

ZnSQ4·7H2O 0.222 g 

NaMoQ4·2H2O 0.39 g 

CuSQ4·5H2O 0.079 g 

Co(NQ3)r6H2O 49.4mg 

Distilled water l.0L 

[00198J The present disclosure is further described by the following non-limiting 

examples. However, it will be appreciated that those skilled in the art, on consideration of this 

disclosure, may make modifications and improvements within the spirit and scope of the present 

disclosure. 

[00199] 

EXAMPLES 

Examule 1 

General Methods 

Restriction endonucleases were purchased from New England Biolabs (NEB; 

Ipswich, MA), unless otherwise noted. PCR was performed using an EppendorfMastercycler 

thermocycler (Hauppauge, NY), using Phire II Hot Start polymerase or Taq DNA polymerase 

(NEB) for diagnostic amplifications, and Phusion polymerase or Crimson LongAmp Taq 

Polymerase (NEB) for high fidelity amplifications. PCR temperature profiles were set up as 

recommended by the Taq manufacturer. Cloning was performed in E. coli using XL 10-Gold 

Ultracompetent cells (Agilent Technologies, Santa Clara, CA) following the manufacturer's 
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protocol. TOPO cloning kits (Zero Blunt TOPO PCR Cloning kit) were purchased from 

Invitrogen (Carlsbad, CA), and were used according to the manufacturer's protocol. 

[002001 E.coli strains HB101 (Promega, Madison, WI), XLl0-Gold (Stratagene, San 

Diego, CA), and a-select (Bioline) were grown in Luria-Bertani (LB) medium at 37 °C. 

Ampicillin (50 µg/mL), kanamycin (50 µg/mL), and chloramphenicol (34 µg/mL) were used 

when appropriate. Cultures were continuously shaken overnight at 200 rpm and at 100 rpm when 

used for conjugation. ABICyano 1 was cultured at from 28 °C to 3 7 °C in liquid BG 11 fresh 

water medium on a reciprocal shaker at 150 rpm under continuous illumination of approximately 

30 - 40 µmol photons*m·2 *sec·1
. 

[00201] Plasmid DNA from E. coli strains was isolated using a GeneJet Plasmid Mini prep 

Kit (Fermentas) according to the manufacture's protocol. For plasmid isolation from putative 

ABICyanol transformants, total DNA was prepared according to Saha et al. (2005), World Jour. 

Microbial Biotechnol 21:877-881. 

Example 2 

Preparation of Cyanobacterial Culture Medium 

[002021 For cyanobacterial growth, BG-11 stock solution was purchased from Sigma 

Aldrich (St. Louis, MO). Marine BG-11 (MBG-11) was prepared by dissolving 35 g Instant 

Ocean (United Pet Group, Inc, Cincinnati, OH) in 1 L water and supplementing with BG-11 

stock solution. Vitamin B 12 (Sigma Aldrich) was supplemented to MBG-11 to achieve a final 

concentration of 1 µg/L, as needed. Stock solutions of the antibiotics spectinomycin (100 

mg/ml) and kanamycin (50 mg/ml) were purchased from Teknova (Hollister, CA). Stock 

solution of the antibiotic gentamycin (10 mg/ml) was purchased from MP Biomedicals (Solon, 

OH). 

[00203] Unless otherwise noted, the ABICyanol transformants were selected on solid 

BG 11 medium containing 10 - 20 µg/mL kanamycin and were maintained on BG 11 plates 

containing 40 µg/mL kanamycin. For growth in liquid freshwater BG 11 medium, 30-40 µg/mL 

of kanamycin was applied. 
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