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ascorbate, sodium bisulfite, sodium erythorbate, sodium metabisulfite, sodivm sulfite,
superoxide  dismutase,  sodium  thioglycolate,  sorbityl  furfural, thicdiglycol,
thiodiglycolamide, thiodiglycolic acid, thioglycolic acid, thiolactic acid, thiosalicylic acid,
tocophereth-5, tocophereth-10, tocophereth-12, tocophereth-18, tocophereth-50, tocopherol,
tocophersolan, tocopheryl acetate, tocopheryl linoleate, tocopheryl nicotinate, tocopheryl

succinate, and tris(nonylphenyDphosphite.
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
inerease 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 Handbock, 10™ Ed., 2004). BExamples melude carboxylic acid
polyroers, crosslinked polyacrylate polymers, polyacrylamide polymers, polysaccharides, and
gums. HExamples of carboxylic acid polymers include crosslinked compounds containing one
or more monomers derived from acrylic acid, substituted acrylic acids, and salis and esters of
these acrylic acids and the substituted acrylic acids, wherein the crosslinking agent contains
two or more carbon-catbon double bonds and is derived from a polyhvdric alcohol,
Examples of commercially available carboxylic acid polymers include carbomers, which are
homopolymers of acrylic acid crosslinked with allyl ethers of sucrose or pentaerytritol (e.g.,

Carbopol™ 800 series from B. F. Goodrich).

£ Silicone Containing Compounds
- [6050} In non-himiting aspects, silicone containing compounds include any member

of a family of polymeric products whose molecular backbone is made up of alternating
silicon and oxygen atoms with side groups attached to the silicon atoms. By varying the -8i-
(- chain lengths, side groups, and crosslinking, silicones can be synthesized into 2 wide

variety of materials. They can vary in consistency from Hguid 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. Nou-limiting cxamples include silicone oils {e.g., volatile and non-
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volatile oils), gels, and solids. The silicon containing compound can be a silicone oil such as
a polyorganosiloxanc. Neo-limiting examples of polyorganosiloxanes include dimethicone,
cyclomethicone, polysilicone-11, phenyl trimethicone, trimethylsilylamodimethicone,
siearox ytrimethylsilane, 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 ol have a low heat of vaporization, iz 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 Corning 345 Fluid, Dow
Corning 244 Fluid, and Dow Comning 245 Fluid, Volatile Silicon 7207 (Union Carbide Corp.,
Danbury, Conn.); low viscosity dimethicones, 1.e. dimethicones having a viscosity of about
50 cst or less {e.g., dimethicones such as Dow Corning 200-0.5 cst Fluid). The Dow Corning
. Fluids are available from Dow Coring Corporation, Midland, Michigan. Cyclomethicone
and dimethicone are described in International Cosmetic Ingredient Dictionary, 10" Ed., 2004
as cyclic dimethyl polysiloxane compounds and a mixture of fully methylated Hnear siloxane
polymers end-blocked with trimethylsiloxy units, respectively.  Other non-limiting volatile
sificone oils that can be used in the context of the present invention include those available
from General Electric Co., Silicone Products Div., Waterford, W.Y. and SWS Silicones Div.

of Stauffer Chemical Co., Adrian, 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 pharmmaceutical active
agents include anti-acne agents, agents used fo treat rosacea, analgesics, anesthetics,
anorectals, antihistamines, aoti-inflaounatory agents including  non-steroidal  anti-
inflammatory drugs, antibiotics, antifungals, antivirals, antimicrobials, anti-cancer actives,
scabicides, pediculicides, antineoplastics, antiperspirants, antipruritics, antipsoriatic agents,
antiseborrheic agents, biologically active proteins and peptides, burn treatment agents,
cauterizing agents, depigmenting agents, depilatories, diaper rash treatment agents, enzymes,
hair growth stimulants, hair growth retardants including DEMO and its salts and analogs,
hemostatics, kerotolytics, canker sore treatment agents, cold sore treatment agents, dental and

periodontal treatment agents, photosensitizing actives, skin protectant/barrier agents, steroids

including hormones 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, efc.

D Vehicles

{0053] Compositions of the present invention can be incorporated into all types of
vehicles. Noun-limiting examples of suitable vehicles include emulsions {e.g., water-in-oil,
water-in-oil-in-water, oil-in-water, oil-in-water-in-oil, oil-in-water-in-siliconie, 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 International Cosmctic Ingredient Dictionary and
Handbook, 10™ 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 cao 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, cintments, foundations, night creams, lipsticks, cleansers, toners,
masks, or other known cosmetic products or applications. Additionally, the cosmetic
products can be formulated as leave-on or rinse-off products. In certain aspects, the

compasitions of the present invention are stand-alone products.

¥ Kits

[0055] Kits are also conternplated 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 include 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, for

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.g., metal, laminate, or
plastic tube) to dispense a desired amount of the enwlsion 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 instructions
for 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 following examples are included to demonstrate certain non-limiting
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 function well in the practice of the invention. However, those of skill in the
art 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 GlycerylVAcid or Glycol Acid Compounds
{0058} An estenification process can be used for producing glyceryl/acid and
glycol/acid compounds. A glyceryl or glyeol molecule and an acid molecule are added to a
multi-necked round bottom flask equipped with a heating mantle, a condenser, a Dean-Stark
trap and a thermometer. A solvent is chosen that will allow a high enough reflux temperature
to accommodate the reaction. The reaction is run until the calculated amount of water 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, methanc! 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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EXAMPLE 2
UV Absorption Data for Glyceryi Mono-Salicylate
[0059] UV absorption data for glyceryl mono-salicylate is summarized in Table 1
below:

Table § (UV absorption data™)

Glyceryl Mono-Salicylate fata
Avg. Mol Wt 242.95
Molar Absorptivity (A max 238%nm) 12065.7
Molar Absorptivity (. max 3070m) 6126.4

*Datz obtained by using a UV/Vis spectrometer using standard USP 197U testing procedures.

EXAMPLE 3

Compositions
0060 Non-limiting examples of compositions of the present invention are described
] i g p p P

in Tables 1-3.

Table 2* (Exfoliation composition)

Ingredient % Concentration (by weight)
SD Alcohol 40-B 56.00

Glyceryl mono-salicylate* 7.50

Water 25.00

Mineral 01l 3.00

Sepigel 305 (thickener) 4.00

*The composition 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 HCI solution.

#* Glyceryl mono-salicylate can be substimted with other plyceryifacid and ghycol/acid compounds,

N
[
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Table 3* (Moisturizer®*)

Engredient % Concentration {by weight)
Phase A

Water 66.44
Xanthum gum : 0.10
Methyl paraben 0.15
Propyl paraben 0.10
Citric acid 0.01
Phase B

Cetvl alcohol 4.00
Glyceryl stearate + PEG 100 4.00
Octyl palmitate 4.00
Dimethicone 1.00
Tocopheryl acetate 0.20
Phase C

SD Aleohol 40-B 15.00
Glyeeryl mono-salicylate®** 5.00

*The composition was prepared as follows: Phases A and B were heated to approximately 706°C-75°C in
separate beakers while mixing. Phase B was added to Phase A when both phases were at approximately 70°C-

P g y
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 mixtire was cooled to roorn temperature (approximately 20°C-25°C) while

: 15 %8 3 7

mixing.
*Formulation showed statistically significant moisturization for 6 hours after application to skin when
compared to the baseline conirol {p<0.05) (data not shown).
*Glyceryl mono-salicylate can be substituted with other glyceryVacid and glyeol/acid compounds.

Table 4 (Generic formulation)*

Ingredient Y Conceniration (by weight)
Phase A

Water 34.44
Kantlum gum (.1
M-paraben 0.15
P-paraben 0.1
Citric acid (.01
Phase B

Cetyl alcohol 4.0
Glyceryl stearate + PEG 100 4.0
Octyl palmitate 4.0
Dimethicone 1.0
Tocapheryl acetate 0.2
Phase C

Glyceryl mono-salicylate®* 2.0

*The composition can be prepared as follows: Sprinkle Nanthum gum in water and mix for 10 mia.
Subsequently, add all ingredients in phase A and heat to 70-75°C. Add all items in phase B to a separate
beaker and heat to 70-75°C. Mix phases A and B at 70-75°C. Continue mixing and allow composition to cocl
o 30°C. Subsequently, add phase C ingredient while mixing.

*#*Glyceryl mono-salicylate can be substituted with other ghycervl/acid and ghycolacid compounds.
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Table 5 (Generic formulation)*
Engredient Y Conceniration (by weight)
Phase A
Water 78.6
M-paraben 0.2
P-paraben 0.1
Na2Z 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 ingredients in phase A to beaker and heat to 70-75°C while mixing. Subsequently, add the phasc B
ingredient with phase A and cool to 30°C with mixing. Subsequently, add phase C ingredient while mixing.
**Glyceryl mono-salicylate can be substitated with other glycerylacid and glycol/acid compounds.

Table 6 (Generic formulation)”®

Ingredient Y% Concentration (by weight)
Phase A

‘Water 84.44
Kanthum gum 0.1
M-paraben 0.15
P-paraben .1
Citric acid (.01
Phase B

Cetyl alcohol 4.0
Glyceryl stearate + PEG 100 4.0
Octyl palmitate 4.0
Dimethicone 1.0
Tocopheryl acetate 0.2
Phase C

Glyceryl mono-salicylate** 1.0
Glyeol mono-salicylate®* 1.0

*The composition can be prepared as follows: Sprivkle Xanthum gum in waier and mix for 10 min.
Subsequently, add all ingredients in phase A and heat to 70-75°C. Add all items in phase B to separate beaker
and heat to 70-75°C. Mix phases A and B at 70-75°C. Countinue mixing and allow composition to con! to
30°C. Subsequently, add phase C ingredient while mixing.
**Glycery! mono-salicylate and/or glycol mono-salicylate can be substituted with other glyceryl/acid and

glyco¥acid compounds.

Loty 23
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Table 7 (Generic formulation)*

Ingredient % Concenivation (by weight)
Phase A

Water 78.6
M-paraben 0.2
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 mone-salicylate™* 1.0
Glycol monoe-salicylate** 1.0

*Add ingredients in phass A to beaker and heat to 70-75°C while mixing. Subsequently, add the phase B

mgredient with phase A and cool to 30°C with mixing. Subsequently, add phase C ingredient while mixing.

**Glyceryl mono-salicylate and/or glycol mono-salicylate can be substituted with other glveeryl/acid and

glycol/acid compounds.

EXAMPLE 4

Determining Efficacy of Glyceryl/Acid or Glycol/Acid Compounds and Compositions
[0061] The efficacy of the glyceryl/acid or glycol/acid compounds and compositions
containing the same can be determined by methods known 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 instrument
instructions for each testing day. A uotation of temperature and relative 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 TS

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 reported with statistical variance and

sigonificance.

[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 {o 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 irrifation. The measurements can be made 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 s chroma and is defined as (a2+ b2 }1/2,
N

[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
flalking; (3) skin feels dry, tough, and has a whitish appearance with some scaling; and (4)
skin feels 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 performed wie 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 lens. Microtexture of the skin
very uniform wpon 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 em in diameter; (4} both skin discoloration and uneven texture casily 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, ervthremic or dark
spots. Large areas of uneven color more than 1 cm in diameter. FEvaluations were made

independently by two clinicians and averaged.
" o J -

{0066} Clinical grading of skin smoothness can be analyzed via a ten point analog

numerical 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 made

independently by two clinicians and averaged.

10067} Skin smoothness and wrinkle reduction can also be assessed visually by using
the methods disclosed in Packman and Gams (1978). For example, at each subject visit, the
depth, shallowness and the total number of superficial facial lines (SFLs) of each subject can
be carefully scored and recorded. A numerical score was obtained by multiplying a number
factor times a depth/width/length factor. Scores arc obtained for the eye area and mouth area

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

[0068] Skin firmness can be measured using a Hargens ballistometer, a device that
evaluates the elasticity and firmmess 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 om-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 corneumn and outer epidermis and some of the dermal

layers.

[0069] Skin sofiness/suppleness can be evalvated wusing the Gas Bearing
Electrodynamometer, an instrument that measures the stress/strain properties of the skin. The
viscoelastic properties of skin correlate with skin mwoisturization. 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 gro 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 ou the skin can be evaluated using
replicas, which is the impression of the skin’s surface. Silicone rubber like material can be
used. The replica can be analyzed by image analysis. Changes in the visibility of fines 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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[6071] 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 displacernent 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 alf
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: Ry = Standardize roughness; fy, = the traverse (scan) length; and y = the

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

[0G72] 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™,
Melanocytes, one of the cells in the skin analog, stain positively when exposed to L-
dihydroxyphenyl alanine (I-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 be used as a control.

(0073} UV absorption of glyceryl/acid or glycol/acid compounds and compositions
containing the same can be determined by UV absorption assays that are generally known to

those of ordinary skill in the art.

[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.
While the compounds, compositions, and methods of this invention have been described in
terms 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 specifically, it will be apparent that certain agents which are both
chemically and physiclogically related may be substituted for the agents described herein
while the same or similar results would be achieved. All such similar substitutes and
moditications apparent to those skilled in the art are deemed to be within the spirit, scope and

concept of the invention.
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6.

~3

CLAIMS

A topical skin care composition comprising a glycery! salicylate compound or a

ghycol salicylate compoumnd.

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

compound having the tollowing siructure:

R; Ry
R
/’//g\\ | ™
RG™ | YT | Tory
R ’If R 5
ORg

where

R, Ry, and Ry are each independently an H, a salicylic acid molecule, or an alkyl

group, with the proviso that at least one of R, Ry, and R is a salicylic acid

2

molecule; and

Ry, Ry, Rs, Rs, and Ry are each independently an H or an alkyl group.

The composition of claim 2, wherein R is a salicylic acid and R and Re are each an

H.

The composition of claim 2, wherein the comnpound has the following structure:

OH O

s J"t\ e \\ //’\\ -
f/ \q/ o7 \T OH
S OH

The composition of claim 4, wherein the composition further comprises a glyeeryl di-

salicylate compound or a glyceryl tri-salicylate compound.

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

salicylate compound and a glyceryl tri-salicylate compound.

The composition of claim 2, wherein Rg is a salicylic acid and R and R, are each an

H
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8.

IR

14.

The composition of claim 7, wherein the compound has the following structure:

The composition of claim 2, wherein R and Ry are each a salicylic acid and Ry is H.
E 3

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

salicylate compound or a glyceryl tri-salicylate compound.

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

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

The composition of claim 9, wherein the compound has the following structure:

OF

i £
jjJ\\ / /J\\O - NN

Jai

H O
\\. e O
N \
N,

=0

//
/
// \\\

7N

“““““ (051
AN /
\\: ------- /

The composition of claim 12, wherein the composition further comprises a glyceryl

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

The composition of claim 13, whercin the composition further comprises a glyceryl

mano-salicylate compound and a glycery! tri-salicylate compound.
The composition of claim 2, wherein R and Ry are each a salicylic acid and Rg is H.

The composition of claim 15, wherein the compound has the following structure;

33
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The composition of claim 16, wherein the composition further comprises a glyceryl

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

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

mono-salicylate compound and a glyceryl tri-salicylate compound.
The composition of claim 2, wherein R, Ry, and Rg are each salicylic acid.

The composition of clairu 19, wherein the compound has the following structure:

oH 0 O OH
P! 17
H
PN P ~o PN 4 \\\ TN N
o ad
S % S
e
/
V/ZERNY
¢ S—on
\\ L /

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

monoe-salicylate compound or a glyceryl di-salicviate comnound.
o o o iy

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

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

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.

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

salicylate compound sclected from the group consisting of:
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The composition of ¢claim 23, wherein the composition cornprises a propylene glycol

salicylate compound selected from the group consisting of:
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26.

28.

(8]
[#8]

35.

2
[

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

compound and a glycol salicylate compound.

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

lotion, or an ointment.
The composition of claim 1, wherein the composition is an anhydrous composition.

The compeosition of claim 1, wherein the composition comprises from about 0.001%

to about 20%, by weight, of the compound.
The composition of clatm 1, wherein the composition absorbs UV light,

A method of treating a skin condition comprising topically applying 2 composition of
claim 1 to skin, wherein the topical application of the composition to skin treats the

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

A method of reducing the amount of moisture evaporated from skin comprising
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.

A method of protecting skin from UV light comprising topically applying the

composition of claim | to skin, wherein the composition absorhs UV light.

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

36
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glyeceryl salicylate molecule or a glycol salicylate molecule, wherein the glyceryl

salicylate or glycol salicylate molecule absorbs UV light.
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If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
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National Stage of an International Application under 35 U.S.C. 371
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New International Application Filed with the USPTO as a Receiving Office
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and of the International Filing Date (Form PCT/R0O/105) 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
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Commissioner for Patents
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Please consider the documents listed on the disclosure form submitted with this
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docket number.
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Kimberly M. Maize
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19 MacMunn, “An address on some of the applications of the spectroscope to medicine”, The British
) Medical Journal, January 3, 1891, pages 3-9
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Other Documents (include Author, Title, Date, and Place of Publication)
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Oellingrath, "Heat Degradataion of Heme In Methemoglobin and Metmyoglobin Model Systems
20. Measured by Reversed-Phase Ion-Pair High Performance Liquid Chromatography," J Food Science,
1998, 53(1): 40-42

Peterson, “The Impact of the Enzymatic Hydrolysis Process on Recovery and Use of Proteins”, In:
21. Birch G.G., Blakebrough N., Parker K.J. (eds) Enzymes and Food Processing. Springer, Dordrecht
(1981)
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Wisuthiphaet and Kongruang, "Production of Fish Protein Hydrolysates by Acid and Enzymatic
Hydrolysis," J Med Bioeng, 2015, 4(6): 466-470

Examiner Signature Date Considered

EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.

Substitute Disclosure Form

Motif Exhibit 1150, Page 1035 of 1599



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

E)

§38F

T Espacenet

Colored Strustured Protein Products

Inventor(s):
Applicant(s):

Classification: - international: £823.43/22
- cooperative: A23J3/2€; A23L11/67; A23L5/43; A23P30/20;
D01D4/02; DO1D5/08; DO1F1/06; DO1F4/00
Application JP20100502328 20080404 Global Dossier
number:

Priority number  US$20070910261F 20070405 ; US200800599561 20080331 ;
(s): WGC2008US558450 20080404

Also published  AT544888 (T) BRPIO809069 (A2) CN101680123 (A)
as: CN101680123 (B) EP2137343 (A1) more

Abstract not available for JP2GIE823128 (A}
Abstract of corresponding document: USZ0082541588 {81}

The present invention provides g process for producing a colored siructurad protein
product with profein fibers that are substantially aligned and the resultant product.
Specifically, the plant protein is combined with 3 colorant and extruded, forming a
cotored structured protein product with protein fibers that are substantially aligned and
the resullant product
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METHOD FOR MASKING RETORT ODOR
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Applicant(s): EZAKI GLICO CO * (EZAKI GLICO COLTD, ; iTIE 7"V 3tk
A\
=11)

Classification: - international: A23L13/00; A23L.35/00
- cooperative:

Application JP20120064725 20120322 Global Dossier

number:

Priority number(s): JP20120064725 20120322

Also published as: JP5877743 (B2)

Abstract of JP2013133838 (A}

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 bowl including meal selecied from beef, pork and chicken, is a masking method
of a retort odor of a retort bowl in which a sauce for the retort bow! includes at least one
fruit juice selecied from the group consisting of apple juice, peach juice, mandarin
orangs juice and muscat juice.
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Classification: - international:A23L 1/221; A23L4/226; A23L1/231; A23L1/31;
AZ3L13/00; A23L23/00; A23L.27/10; A23L.27/20;
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- cooperative: A231L.27/2022; A23L 27/2024; A23L27/2056
Application JP20110506171 20100325 Global Dossier
number:

Priority number JP20090078329 20090327 ; WQ2010JP55995 20100325 ;
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Also published BRPI1016028 (A2) CN102365033 (A) CN102365033 (B)
as: EP2412248 (A1) EP2412248 (A4} more

Abstract not available for JPWO2018110483 (A1)
Abstract of corresponding document: EP2412248 {A1)

[Bummary] [Problem] Provision of g method of imparting aroma or flavor {0 food,
[Solving Means]An aroma or flavor-imparting composition containing methional, dienals
and thiazoles in proportions satisfying 0 =A =100, 0 =8 =100, 0 =0 o8 and
A+B+C=100 wherein A shows parls by weaight of nigthional, B shows parts by waight of
disnals and C shows parts by weight of thiazoles.
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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 Applications 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 Application 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 Application 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 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0O/105) 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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Attorney Docket No.: 38767-0015008

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor : Rachel Fraser Art Unit o 1791

Application No. ©15/913,090 Examiner : Unknown

Filed : March 6, 2018 Conf No. : 9878

Title . METHODS AND COMPOSITIONS FOR AFFECTING THE
FLAVOR AND AROMA PROFILE OF CONSUMABLES

MAIL STOP AMENDMENT

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Please consider the documents listed on the disclosure form submitted with this
statement. Copies of the documents are being submitted with this statement to the extent
required under 37 CFR § 1.98(a)(2).

This statement is being filed before the receipt of a first Office Action on the merits.
Therefore, no fees are believed due. If this is incorrect, please apply any charges applicable
under 37 CFR § 1.17(p), or credits, to Deposit Account No. 06-1050, referencing the above-
indicated Attorney Docket Number.

Please contact the undersigned if there are any questions regarding this statement.

Respectfully submitted,

Date: August 23, 2019 /M. Angela Parsons/

M. Angela Parsons
Reg. No. 44,282

Customer Number 26191

Fish & Richardson P.C.
Telephone: +1 (612) 638-5707
Facsimile: (877) 769-7945

62054107.doc
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; Inventors RICHARD ARNOLD WILSON

EDWARD JOSEPH SHUSTER

(54) FLAVORING COMPOSITIONS AND PROCESSES
UTILIZING SIX MEMBERED HETEROCYCLIC-POLY-S-
COMPOUNDS

(71) We, INTEENATIONAL FLAVORS
& FRAGRANCES INC, a corporation
organized and exiwing under the laws of the
State of New Vork, United States of America
whose address is 521 West 57th Street, New
Yok, New York 10019, United States of
America, do hereby declare the invention for
which we pray that a patent may be granted
1o us, and the method by which it is to be
performed to be particularly described in and
by the following statement: ——

This invention has o do with the use of
certain trithianes and dithiazines 1o alter the
flavor and aroma of consumable materials.

The term “consumable materfal” means (1)
foodstuffs and  beverages, (2) perfumed
materials and (3) tobacco.

Examples of foodstuffs to which the present
invention may be apphlied are meats, gravies,
soups, coavenience foods, mut butters (such
as peanut butter) and other spreads, seafoods
(including fish, crustaceans and moltusks) con-
fectionery, breakfast foods, baked goods,
vegetables, cereals;, snack foods and pet foods
(such as dog and cat foods).

Examples of beverages to which the inven-
tion may be applied are alcoholic and nop-
icoholic drinks based on mel, and soft
drinks.

Fxamples of perfumed materials to which
the invention may be applied are perfumes,
colognes, soaps and after-shave lotions.

The term “tobacce” will be understood
herein to mean nataral products, for example
burley, Turkish twbacco, Maryland tohacco
and fuc-cured tobacco, amd tobacco-based

roducts such as reconstituted or homogenized
feaf, as well a3 tobacco substitutes intended
t¢ replace natural tobacco, such as lettuce and
cabbage leaves. Examples of tobaccos and
whacce products are those designed or used

X

for emoking such ag in cigarette, cigar, and

pipe tobacco,
and chewing

The werm “alier” (in its application to
foodstuffs and tobacco) in its various forms
will be understood herein to mean the supply-
ing or imparting of a flavour character or
note 1o an otherwise bland, relatively raste-
less substance, or augmenting an existing
flavour characteristic where the natural favor
is deficient in some regard, or supplementing
the existing flavor impression 1w modify the
organcleptic character,

There is a continuing search for composi-
tiong which can vary, fortify, modify, enhance
or otherwise improve (ie. “alter”) the favor
and aroma of a foodstuff. To be fully satis-
factory, such compositions should be stable,
non-toxic, and  blendable with  other
ingredients to provide their cwn unigue Havor
and aroma nuance without detracting from
the co-ingredients. Prefersbly, such composi-
tions should be naturally occurring or present
in natural foodstuifs {although unrecognized
as flavor components thereof) se¢ that their
ingestible safety can be readily recognized.
Additionally, these materials should be
capable of being synthesized in a simple and
eCONOMIC manner.

Various heterceyclic poly - 8 - compounds
have been shown in the literature to have
flavor implications. For example, in United
States Letters Patent 3,503,738 to Wada =t
al, pentathiepane, tetrathiane and tetrathiepane
arz said to have sz flavor and aroma; and
Chang in Chemistry and  Industry, 1639,
November 23, 1968, reports 3,5 ~ dimethyl -
1,24 - writhiclane as present in the volatiles
of boiled beef. Other investigators bave com-
mented that poly alkyl trithianes are odorfess
or have sn intensely puteld odor. See Barch,
United States Letters Patent 2,594,379 and
Breslay and  Skolnik, “Heterseyclic Com-

as well as such products as snuff
tobacco.
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especially suitable for beef, meat, nut and
burnt Havers.

acceptable, and thus non-tozic or otherwise

non-deleterions, conventional materials can be

2 1,364,747 2
pounds”, p. 726, Inferscience (1966). Pippen Another class of preferred heterocyclic
in Jouraal of Food Science, 34, p. 443mid6 poly ~ § ~ compounds include the trithianes
{19697 speculated that H,8 reacted with a having the formula 50
carbonyl compound in chicken fat and
5 postulated that 24,6 ~ timethyl - § -~ trithiane . s
could be one of the products formed. RN A
It has now been found that the flavor of o “~
a foodsmfl can be altered by adding thereto s Fa
at ieast one heterocyclic poly - 8 - compound e S
10 having the formaufa EA}K\\Q
\\ wherein By, R;, and R, are the same and are
< alicyl of from 1 to 5 carbon atoms and B,
N Ry, and R, are the same and are hydrogcp
or éikyl from 1 to 5 carhon atoms. Suitable 353
g<\\ trithianes are:
24,8 -~ trimethyl - 5 - trithizne
2,24.4,6,6 - hegamethyl ~ & - trithiane
wherein X is 8 or ~NR,~; and (1) when 24,6 - toiethyl ~ 5 ~ trithiane
X is 8, then By, Ri, and R; are the same A4 & - triethyl - 24,6 ~ nimethyl - 5 - 60
and are alkyl of from 1 1o 5 carbon atoms trithians
15 and B, Ry, and R, are the same and are 24,6 - tri ~ t - butyl - § - trithiane
hydrogen or alkyl from 1 to 5 carbon atoms; 24,6 - tri -~ n - buty! - 3 - irithiane
or {2} when X is —NE,—, then R, R,, and 24,6 - tri - isopropyl - s - trithiane
Rs are the same apd are alkyl of from 1 24,6 - tri - n -~ propyi - s - trithiane &5
to § carbon atoms, Ry, Ry and R, are 2,24.4,6,6 - hexasthyl - s - trithiane
20 hydrogen, and R, is hydrogen or alkyl of 2,2,4,4,6,6 - hexaisopropyl ~ 5 - trithiane
from 1 to 5 carbon atoms. The invention also 24,6 - triethyl - 24,6 - i - n - pentyl -
contemplates flavoring compositions contain- s - trithiane
ing such heterceyelic poly - S ~ compounds. -
A particularly preferred class of such com- The trithianes have a sweet nuity aroma 70
25 pounds inclades the dithiazines of the and taste and ‘are suitable for fruit (gocse-
formula : » berry, black currant, grape, raspberry) nut and
B meat flavors, ) )
N ® Fhe s-tmcmra.i fcﬁnula_e: given hereln con- B
%/T \K\H tereplate and inchide cis- and trams- and 73
> ' other cenfortational isomers.
A0 The dithiazines are prepared by using con-
Ry u \)<:\n ventional processes, such as the methods shown
' 3 in Beilstein, 27, pp. 460462 and 2d Suppl.,
: p. 524, The trithianes are similarly known 80
wherefn Ry, B; and R, are the same alkyl compounds and can be prepared in a known
radical of 1 w 5 carbon atoms and R, s manner sach as that described by Campaigne,
30 hydrogen or aikyl radical of 1 1o 5 carbon Chem, Rewiews, 39, No. 1, pp. =77,
atoms, Suifable dithiazines inchude: August 1946,
Such heterocyclic - poly ~ § - compounds 85
24,6 - trimethyldibydre - 13,5 - di- are useful in ﬁavormg compositions and to
thiazine giter the flavor of foodstaffs. They are
24356 - tetramethyldibydro - 13,5 - di-  especially adapted for addiqg, sweet, meaty and
35 thiazine put nuances o consumable materials and in
24,6 ~ wi - isopropyldihydro - 1,3,5 - di- mm’{mg out and improving the character and 90
thiazine guality of meat flavors.
24,6 - wi - n - butyldihydeo - 1,3,5 - di- When the beterocyclic poly - § - com-
thiazine pounds dc,cofding to this mvention are used
4 246 - wi - isobutyldihydro - 13,5 ~ di-  in a flavouring composition, they can be com-
thiazine bined with mm entional ﬁdvcurmg materials 95
24,8 - i ~ o ~ pentyldibydro - 1,3,5 - di-  or adjuvanis. Such co-ingredients or favour-
thiazine ing adjuvants are well kuown in the art for
sach use and have been extensively described
and mixturcs thereof. The dithiazines have a  In the lterature. Apart from the requirement
45 pleasant sweet cereal, nutty taste and are  that any such adjuvant material be ingestibly 100
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3 1,364,747 3
used and  broadly include other flaver and spproved foud and drug dyes; firming
materials, vehicles, stabilizers, thickeners, agents such as alwninum sodivm  sulfate,
surface active agents, conditioners and flavor calcium chioride and  calchum  gluconate;
intensifiers, twexturizers;  anti-caking  agents  such  as

5 Such  conventional favoring  materials  aluminem  calclem  sulfate and  wibasic 70
include saturated and umsaturated fatty and  calchum phosphate; cnzymes, yeast foods such
amino acids, alcobols, including primary snd a5 wlcium  Jactate and  calclum  sulfates
secondary aloohols; esters, carbonyl com- nutrient supplements such as from salts {e.g.
pounds including kewones and aldehydes; fereic phosphate, ferric pyrophosphare and

10 lactones, other cyclic organic materals includ-  ferrous pluconate), riboflavin, vitamins; zine 75
ing benzene derivatives, alicyclics, hetero- sources such as zinc chloride and zinc sulfate.
cyclics such as furans, pyridines and pyrazines; The heterocyclic - poly - § - compounds,
sulfur-contzining materials inchuding thicls, or the compositions incorporating them, as
sulfides and disulfides; proteins; Hpids; mentioned above, can be combined with one

15 carbohydrates; so-called flavor potentiarors ©r miere vehicles or carriers for adding them 80
sach as mono-sodium glutamate, guanylates, (o the particular product. Vehicles can be
and inosinates; patural flavoring materials  edible or otherwise suftable materiale sach as
such as cocoa, vanilla and caramel; essentizl  ethyl aleohol, propylene glycol and water,
oils and extracts such as anise oif and clove Camders include materials such as gum arabic,

20 ofl; artficial flavering materisls such s carageenan and other gums, The hetero- 85
vanillin, Particalarly useful flavoring agents cyclic - poly - § - compounds can be incor-
and adjuncts are cyclopentane thiol, protein porated with he carriers by conventional
hydrolysate, such as hydrolyzed vegetable means such as spray-drying and drum drying
protein, cysteine, salts of cysteine such as Such carriers can alsy include materials for

25 cysieine bydrochloride, thiamine, salts of coscervating the heterocyclic - poly - § - 90
thiamine, 2,5 ~ dimethyl « 3 - hydroxy - 4 - compounds (and other favoring ingredients,

0% - 4,3 ~ dihydrofuran, and products resuls- 85 present) to provide encapsulated products.,
ing from heating a mixture of ar least two When the carrier is an emulsion, the favoring
differing materisls of the foregoing and high composition can also contain emulsifiers such

30 pressure reaction products of H,S and 2,5 - a5 mono- and diglycerides of fany acids. With 95
dimethyl -~ 3 - hydroxy - 4 - oxo - 4,5 - these carriers or vehicles, the desired physical
dihydrofuran, form of the composition can be prepared.

Stabilizers include preservatives such ag It will be understood by those skilled in
sodium chloride; antioxidants such as calclum  the art that the heterocyelic ~ poly - § -

35 and sodiom ascorbate, ascorbic acid, butylated  compounds can be added to the materials to 100
hydroxyanisole, butylated hydroxytoluene and be flavored at any convenient poimt in the
propyl gallate; sequestrants such as citric acid, production of the finished product. Thus,
EDTA and phosphates, when they are used t¢ alier or otherwise

Thickeners include carriers, binders, pro~ vary the flavor of a foodsiuff, they can be

40 tective  colloids, suspending agests and added in the original mixtwe (e.g dough, 108
emulsifiers, such as agar-agar, carrageenan, emudsion or batter), prior o any cocking or
cellulose and cellulose derivatives such as  heating operation. Alternatively, they can be
carbozymethy! cellulose and methyl celluiose, added ar a lawer sage of processing if
natural and synthetic gums such as gum  volatilization losses would be excessive during

45 arsbic and gum tragacanth, and other pm- the earlier processing. 110
teinaceous maserials, lipids, carbohydrates, When the materials 222 wed to ireat
starches and pectins., tobacco products, for ecxample, the additive

Surface active agents include emulsifying can be applied in a suitable manner by spray-
agents such as mono- and/or diglycerides of  ing, dipping or otherwise. The heterocyclic -

50 fatty acids such as caproic acid, caprylic acid, pely - 8 - compounds can be applied during 115
palmdtic acid, myristic acid snd oleic acids the “casing” or final spray treatment of the
lecithin; defoaming and favor-dispersing  tobacco, or they cam be applied ar some
agents such as sorbitan monostearate, potas- sarfier stage of curing. The quantity of hetero-
siurn stearate and hydrogenated tallow alcohol.  oyelic - poly - § - compounds or mixtures

58  Conditioners include compounds such as  thereof utitized should be sufficient to impart 120
bleaching and maturing agents such as benzoyl  the desired flavor characteristic 1o the preduct,
peroxide, calcium peroxide and hydrogen per- but on the other hand, the use of an excessive
oxide; starch modifiers such as peracetic acid, amount of the heterocyclic - poly ~ § -~ com-
sedivm chlorite, sediun hypochiorize, propyl-  pounds is xnot only wasteful and uneconomical .

60 ene oxide and succinic anhydride; buffers and  but in some lostances too large a quantity 125
neutralizing agents such as sodium acetate, may unbslance the flavor or other organo-
sodivin  diacid phosphate, ammoniue  bi-  leptic property of the preduct to be con-
carbonzte, anymoninm phosphate, citric acld, sumed. The quantity used will vary depend-
lactic acid and vinegar; colorants such as ing upon the ultimate foodsif, tobacco pro-

65 carminic acid, cochineal, twrmeric, curcumin duct, or other consumable produc; the 130
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amount and type of flavor initlally present
in the product; the further process or treat-
nient cteps to which the product will be
subjected; regional and other preference
factors; the type of storage, if any, to which
the product will be subjected; and the pre-
consumption treatment, such as baking, fryving,
and so on, given to the product by the
ultimate consumer,

It is accoxdingly preferred thar the food-
swiff, beverage or tobaceo after addition of
the compounds used according 1o the inven-
tion should contain from (.02 parts per million
{ppm} to 100 ppm of the heterccyclic - poly -
5 - compounds. More particulatly, in foed-~
siuffs and beverages it is desirable w use
from 02 w 20 ppm and in certain pre-
ferred embodiments of the invention, from
0.1 to LS ppm of the heterccyclic - poly - S -
compounds are included in the finished food-
stuff or beverage. On the other hand, tobaccos
can contain as littde as 0.02 ppm and as
wrch as 100 ppmy, dependiing upon whether
a cigarette tobacco, a pipe tobacco, a cigar
tobaceo, a chewing tobaceo, or muff is being
prepared.

AWl parts, proportionms, percentages, and
ratios herein are by weight unfesy otherwise
mdicated.

The amount of heterocyelic - poly -~ § -
comapounds to be wilized in flavoring or
flavor-ephancing compositions can be varied
over & wide range depending npon a particalar
quality to be added to the foodstufl, beverage
or tobacce. Thus, amounts of one or more
heterocyclic - poly - § - compounds accord-
ing to the present invention from 0.1 up to
80 or 80%, can be incorporated in such com-
positions. It is generally found to be desirable
to include from G.5 fo 259 of the hetero-
cyclic - poly ~ § ~ compounds in such com-
positions,

The heterocyclic poly - S - compounds
of thig invention can alse be added 1o perfume
compositions in thelr pure form or they can
be added to mixtures of materials in fragrance-
imparting compositions to provide a desired
fragrance character to a finished perfume
material. The perfurse and fragrance com-
positions obtained according to this invention
are suitable in a wide variety of parfumed
articles and can also be used to improve,
enhance, modify, glter or reinforce fragrance
materizls. It will thus be appreciated that
the heterocyclic poly - 8 - compounds and
mixtres thereof of this invention are useful
as olfactory agents and fragrances.

The term “perfume composition” is wused
herein to mean a mixture of compounds,
inchiding for example, natural oils, synthetic
oils, alcohols, aldehydes, ketones, esters,
lactones, and fregquently hydrocarbons which
are admized so that the combined odors of
the individual components produce a pleasant
or desired fragrance. Such perfume composi-

tions ususlly contain: (2) the main note ox
the “houquet” or foundation-stone of the
composion; (by modifiers which round-off
and accompany the main note; (¢} fixatives
which include edorous submiances which lead
a particular note to the perfume throughout
all stages of evaporation, and substances which
retard evaporstion; and (d) top-notes which
are  wsually low-bciling,  fresh-smelling
materials. Such perfume compositions or the
novel materals of this Invention cen be used
in conjunction with a perfume base, generally
comprising one or more carriers, vehicles,
sofvents, dispersants, emulsifiers, surface-
active agents and/or aerosol propsllants, In
perfume compeaitions, the individaal com-
ponents contribute their particular clfactory
char feg, but the overall effect of the
perfume composition will usually at least be
the sam of the effect of each ingredient.
Thus, the heterceyclic pely - 8 - compounds
of this invention can be used to alter the
aroma characteristics of a perfume com-
position, for example, by highlighting or
moderating the offactory reaction contributed
by another ingredient of the composition.

The amount of cne or more compounds
of this invention which will be effeciive in
parfume compesitions  depends on  mmany
factors, including the other inpredients, their
amounts and the effects which are desired.
It has been found that perfume compositions
coptaining as little as 1.0% by weight of
the compounds of this invention, or even
less can be used to intensify or sugment and
enthance various types of fragrance compounds,
the odors of which may be desired to be
imparted to colognes, perfumes, bath oils and
cther cosmetic  products.  The amount
employed will depend on considerations of
cost, nature of the end product, the effect
desired in the finished preduct, and the par-
ticular fragrance songht. Higher concentra-
tions {e.g. 2%, by weight) of the heterooyche -
poly -~ § - compounds of this invention will
intensify the green leafv note and green nutty
notes of the compositions.

The hetexocyclic polv - 8§ - compounds
disclosed herein can be used in a composition
as an olfactory component of a fragrance
which in turn can be wsed in perfumes,
colognes, bath preparations {such as bath oils
and bath salts) and the like. When the heterc-
cyclic poly - § - compounds of this inven-
tion are wsed in fnished perfumed aricles,
such as the foregoing, they can be used in
ameunts of 0.04%, by weight or lower

The following examples are given to ilus-
trate embodiments of the invention as it is
presently preferred 1o practise it It will be
undersood that these examples are illustrative,
and the invention is not to be considered as
restricted thereto except as indicated in the
appended claims.

v
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- EXAMPLE 1 EXAMPLE IV
The follewing materials are homogeneously The following ingredients are homo- 60
mized ar 25°C: genecusly mixed at 25°C:
Ingredients ‘ Parts Ingredients Parts
5 Vegetable shortening 622.7 Vesetable shortenine 6327
Salt 3217 gogetable: shartening §227
SES;?E:;: nydrochloﬁdc 13315 gl?:mf C acihd droctlorid 3.1 85
Glycine 51 G:I rggfne ydrochloride 12%
10 p-Alanine 13 2 Afmie 13
Tourive 208 T au:'i.miA 26'()
N 1£X£urti .Ot‘ d_::soaxum mosinate n Mizture of di-sodium inosinate ' 76
and di-sodium guanylate 3.3 and di-sodfum guanylate 2.0
15 vegigﬁmiafﬁf‘efiﬁeitfd ;(1)%:’&? C(E; lfzg‘" ;Emg The mixture i5 heated to 3C0°F for sixty
3 seconds. JAMer So0URE 10 20V Fs Sl PAL O covonds, After cooling to 100°F, 0.12 part of
diacetyl and 0.16 part of hexanal are added.  goourof and .10 part of hexanal are added.
Alter aging the .resugting mixture for tiree  speoing che mixwure for a period of three 75
hours, 0"1. part of .‘?‘""‘) - trimethyldibydro - hours at a temperature of 63°F, 0.1 part of
ot emper £ , 0. t
o P dbigsine 15 added. 346 - triethyl - 24,6 - i - o - pentyl -
2 The resulting mixtare is aged for ten bours 77 e added. The resulting mixture
to provide a material having an excellent i then aged for ten hours mﬂ y'e}§ aL *;m:
Pl . X 1), 3 1 Com-
chicken aroma. position having an excellent chicken aroma 80
EXAMPLE I and flavor,
Ingredients Parts AL
5 Vegemble shortenin 622.7 . EXAMPLE V
% S;ﬁﬁ“d e shortening 3%1-,/7 Cysteine hydrochloride in the amount of
Glutamic acid 5 2.8 g is refluxed at 215°F under atmospheric
L-Cysteine hydrochloride 10.3 pressure for four hours with a mixture of 85
j-Alanine 13 309 g of hydrolyzed vegetable protein and
30 Taurise 500 674 g of water, Subsequent to the reflux, the
Mixture of di-zodiam inosinate mizture is cooled and 005 g of 246 -
and di-sodium guan',;iatt 3.3 mimethyldihydro - 1,3,5 - dithiazine is added
2,4 6-rrimethyl-s-trithiane o1 and intmately admized with the composition. %0
w ) : The mixture has an excellent beef faver
The mixture is heated to 300°F for thirty
35 seconds. After cosling to 100°F, 0.12 part of <
diacetyl and (10 part of hexanal are added. . F«}?A’.}{PLL Vi oy
The resulting mixture has an excellent me%;’mpmm?ét;}?;g; ??dlzﬁg e ,6’2'0)" iﬁcfgj‘;
chick aToma. newayl - 8 - U (L e ra ] 1€
Heken aroma amount of 0.05 g are refluxed at Z15°F 95
EXAMPLE I under atmospheric pressure for four hours
40 The following ingredents are homo- with the following premix conzposition:
geneously mixed at 25°C: Tngredients Amount
Ingredients Parts Hydrolyzed vegetable protein
Vegetable shortening 622.7 (Maggi 4BE) 309 g 100
Salt 3217 Water 674 g
45 tutamdc acid 3.1 Thiamine-HC 3.8 g
L-Cysteine hydrochloride 103 Cysteine-HCl 8.8 g
Glycine 51
5-Alanine 1.3 {The word “Maggi” is a Registered Trade
privia { B
Taurine 20.0 Mark). 105
50 Mixtare of di-sodium inosinate
and di-sodiumn guanylate 33 Subsequent to the reflux peried, the result-
i . ing mixture is sged for 72 hours at 6075 °C.
The mixture is heated to 300°F for thirty The mixture has an exceilent beef aroma.
seconds. After cocling to 100°F, Q.12 part
of diacetyl, 0.10 part of hexanal, and 0.1 FYAMPLE VII
55 part of 24,56 - tetramethyl - dibydro - 246 - Trimethyl < 5 ~ trithiane in the 110

1,3,5 - dithiazine are added.
The resulting mixture has an excelient
chicken aroma.

amount of 0.05 g is refluxed at 215°F under
atmespheric pressure for four hours with the
following pre-mix composition:
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Ingredients Amount of aif with an inlet temperature of 500CF,
Hydrolyzed vegetable protein an outlet temperature of 200°F, and a wheel
(Maggi 4BE) : 300 g speed of 50,000 rpm.
Cysteine-HCl 8.8 g Twelve grams of the spray-deied material 60
5 Thizmine-HCL 8.8 g is mixed with 29.2 g of the soup base set
Warer 674 & forth in Example VIII, The resuiting mix-
ture js then added to 12 ounces of boiling
Subsequent to the refing, the resulting mix-  water, aad an excelient meat favored soup
ture is aged for 72 hours at 60--75°C. The is obiained. 65
mixture has sn excellent beef aroma,
EXAMPLE XI
18 EXAMPLE Vi@ Example I is repeated except that the
The compesition prepared in Ezample I dithiazine is replaced by 003 part of & mix-
is digsolved in propylene glycol to provide a ture comprising the following ingredients;
3.19 solution. This sclution in the amount
of 0.966 g is added o 7.3 g of a soup hase Ingredients Parts 0
15 consisting of: 246-trimethyl dihydro-1,3,5-
. dithiazine 10
Ingredients Farts 24,6-trimethyl-s-trithiane 26
Fine ground sodium chloride 35.62 Com Qil 30
Hydrodyzed vegetable protein 2740 Gum arabic 20 75
Monosodivm  glutamate 17.81
20 Sucrose 10.96 The resulting mixture has an excellent meat
Beef far 5.48 favor,
Sethness carame! color (powder
B& O 273 EXAMPLE X1
Preparation of Perfume Composition Contain-
The resulting mizture is added o 12 ing 24,6 - Trimethyl - § - Trithiane 80
25 cunces of beiling water to obtain a soup The following composition is prepared:
having an excellent chicken flavor.
The composition of Example VI (0.005 g) Parts by
when added to the above soup base also pro- Ingredients Weight
vides a soup having good meat Havor, 2,4,6-trimethyl-s-trithiane 4
Benzyl butyrate 4 85
30 EXAMPLE IX Bois de Rase 16
The composiden prepared in Example V Citronellyl formate 36
is dissolved in propylene glycol to provide 2 Citronellvl acetate 30
6.1%, soluton. This solwion in the smount. Geraneol cosar 200
of 8.966 g is added 1o 7.3 g of 2 soup base Citroneliol coeur 300 96
35 comsisting of: Menthone 5
. Menthol natural 5
Ingredients Parts Rose nxide 10
Fine ground sodinm chiloride 35.62 Geranyl acetate 30
Hydrelyzed vegetable protein Dimethy! Benzylcarbinyl- 95
(Maggi 4BE) 27.4¢ acetate 2
40 Monosodium glitamate i7.81 R
Sucrose 10.96 620
Beef far 5.48
Caramel color, bakers and con- The addition of the 24,6 - trimethyl - s -
fectioner’s powder grade 2.73 trithiane in the quantity given imparts a green
leafy note similar to that of natural geranium 100
45 Fhe xesulting mixture is added to 12 Bourbon to the composition without detract-
ounces of boiling water to obtain a soup ing from the quality of the odor,
having an excellent chicken flavor.
The compesition of Example 1T {0005 g)
when added to the above soup base also EXAMPLE XIIY
50 provides a soup having good meat flavor, The following formulations are produced:
EXAMPLE X Formulation A 105
One-half gram of the soup base mixture 1.9 gm Natural black currant juice, con-
of Example VIII is emulsified in a sclution centrate
containing 100 g gnm arabic and 300 g 0.1 gm Natural black currant esters
53 water. The emulsion is spray-dried with 2 10.0 mi Sugar Syrup 329Be
Bowen Lab Model Drier utilizing 250 ofim .5 100 mi Spring water 118
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Formulation B
1.9 gm Nawmral black currant juice, con-~
centrate
0.1 gm Buchu leaf oil .19 (ethanel 957%)
10.0 m! Sugar Syrup 32°8Be
q.s. 100 ml Spring water

Formulation

on G
1.9 gm Nan
N

amral black currant juice, con-
centrate

(.1 gm Niribine® 109, (ethanol 959}

10.0 ml Sugar Syrup 32°Be

g.s. 100 m! Spring water

#Niribine is produced by dictiling an
alcoholic macerate of black currant buds,

Formulation D
1.9 gm Natural black currant juics, con-
centraie
0.1 gm 24,6 - trimethyl - ¢ - trithiane
.17, (ethanol 95%)
10.0mi Sugsr Syrup 32°Be
q.s. 100 mi Spring water

Formalation E
1.9 gm NWarmaral black currang juice, con-
centrats
0.1 gm 24,6 - wimethyl - 5 - trithiane
0.01%, (ethanol 359}
g.s. 100 ml Spring water

Formulation F
1.9 gm Natural black currant juice, con-
ceniraie
108 ml Sugar Syrup 32°Be
g.s. 100 mi Spring water

Fach of the above-mentioned formulations
is compared with one ancther by a panel
composed of 10 tasters. Formulation F is
generally considered by the panel to be flar
and not very characteristic for fresh black
carrant, Formuladons B, €, D and B are
considered as having substandally fresh and
mere pleasant notes than formulation F. Inm
summary, formulations D and E were pre-
ferred as the hest black carrant juice formulba-
tions. In conclusion, for use in black currant
flavor, the material 24,6 - timethyl ~ s ~
trithiane can be used at rates of one-tenth
of that of Buchu leaf oil in black currant
juice.

Tt is further to be concluded that 2,4.6 -
trimethyl - ¢ - twithiane can successfully
replace Buchu leaf oil, Nirbine and/for
natural black currant esters wherever the
ingredient is used in reinforced black currant
juices, substimuted black currant juices and
imitation black currant Havors.

WHAT WE CLAIM IS:—

1. A method for alering the flavour or
aroma of a consumable materfal which com-
prises adding to the consumable material a
compound of the general formula: —

in which X is 8 or —NR,; and

{1y when X is 3, then Ry, Ry and R, are
the same and are atkyl groups of from 1 to §
carhbon atoms and R, R, and R, are the
same and are hydrogen atoms or alkyl groups
of from 1 to 5 carbon atoms; or

(2y when X is N&,, then Ry, B; and R
are the same and are alkyl groups of from
1 to § carbon atoms, K, B, and R, are
hydrogen atoms, and R, is a hydrogen atom
or an alkyl group of from 1 to 5 carbon
atoms.

2. A method zccording to claim 1 in which
X is ~NH and each of B, B, and R; is
an alkyl group having from 1 te § carhon
atoms.

3. A method according to claim 2 in which
Ry, Ry and Ry are methyl groups.

4, A method according to claim 1 in
which X is 8, and each of Ry, B, and R,
is an alkyl group having from 1 to 5 carbon
atoms.

5. A method according 1o claim 4 in which
X is 8; Ry, Ry and R; are methyl groups
aud Re, Ry and R, are hydrogen atorus,

6. A methed according to claim 4 in which
B, Ra Ry, By, Ry and R, are all methyl
Zroups,

7. A method according to claim 1 in which
X is § and R,, R, and R; are hydrogen
ALOms.

8. A method according to ¢laim 1 in which
the compound is one of those hercinbefors
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
105 ppm.

10. & methed according to claim 9 in which
the final concentration of the said corapound
of the material is .1 to 15 ppm.

11, A method according to any preceding
claim in which the materisl is 2 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 the foodstf is a reinforced, sub-
stituted or imitation black currant juice and
the compound is 246 - trimethyl - 5 -
trithiane,

i4. A method according to claim 11 or
12 in which the foodstuff comprises hydre-
lysed vegetable protein.

15. A method according to any of claims
1 to 10 in which the material is tobacco,
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16, A method according to any of claims
1 to 10 in which the material is a perfume
base,

17, The method of any of claims 1 w0 10
in which the material is a toilet preparation.

18. A method according to claim 1 for
altering the Haveur or aroma of a consumable
material substantially as hereinbefore  des-
cribed in the Examples.

19. Consumable materials having a flavour
or aroma altered by the method of any pre-
ceding claira.

20. A flavouring composition containing an
organcleptically modifying amount of a com-
pound of the general formula:—

in which X is § or —NR,; and

(1y when X is 8, then Ry, R, and R,
are the same and are akkyl groups of from 1
to § carbon atoms and Ry, B, and R, are
the same and are hydrogen atoms or lower
alkyl groups of from 1 to 5 carbon atoms; or

(Zy when X is —NR,, then Ry, B, and R,
are the same and are aslkyl groups of from
1t 5 carbon atoms, R., B, and R, are
hydrogen atoms, and R, s 2 hydrogen atom
or an alkyl group of from 1 1w 5 carbon
atoms; and an anxiliary favouring adjuvant.

21. A composition according to claim 20
in which X is —NH— and each of By, R
and By isan alkyl group having from L to §
carbon atoms.

22. A flavouring composition according w0
claim 21 in which Ry, R; and By are methyl
SEOUPS.

23. A flavowring composition accerding 1o
claim 20 in which X is S and each of R,
R, and B, is an alkyl group lhaving from 1 to
5 carbon atoms.

24, A flavouring composition according to
claim 23 in which Ry, Ba Ra Ry, By and
R, are all methyl groups.

25. A flavouring composition according to
claim 23 in which Ry, R; and R, are methyl
groups and R, R, and R, are hydrogen
A0S,

26. A flavouring composition according to
claim 20 in which X is S and R, R, and
K, arc hydrogen stoms.

27. A flavouring composition according to
claim 20 in which the compound is ene of
those hereinbefore specifically mentioned,

28, A composition according to any of
claims 20 to 27 in which the adjuvamt is a
further flavouring material, 2 vehicle, a
stabiliter, a thickener, a surfactant, a condi~
toner or a flavour intensifier,

289. A composition according to claim 28
in which the adjuvant is one of those hersin-
before specifically mentioned.

30, Flavouring compositions according to
claim 20 substantally as hereinbefore des-
cribed in the Fxamples.

3L A method according to any of claims
1 to 19 in which the compound is added in
the form of & flavouring composition accord-
ing to any of claims 20 10 30

32, A perfume composition containing an
organcleptically modifying amount of a com-
pound of the general formula; —

s P
.
P \fng
\<
Ry %

in which X is 8 or —NR,—; and

(1) when X is 8, then R,, Ry and R, are
the same and arc alkyl groups of from 1
to 5 carbon atoms and Ry, B, and R, are
the same and are hydrogen atoms or alkyl
groups of from 1 1o 5 carbon atoms; or

{2) when X is —NR,—; then Ry, RB; and
R; are the same and are alkyl groups of
from 1 to § carbon atoms, B, R, and R,
are hydrogen atems, and R, is a hydrogen
atora or an altkyl group of from 1 to 5 carbon
atorns; and an auxiliary perfume adjuvans.

33, A composition accerding to claim 32
in which the compound is one of those herein-
before specifically mentioned.

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

35. Perfurue compositions saccording to
claim 34 substantislly as hereinbefore des-
cribed in the Bxamples.
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For the Applicanis,
CARPMAELS & RANSFORD,
Chartered Patent Agents,
43 Bloomsbury Square,
London, WC1A 2RA.
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Published by Fhe Patent Office, 25 Southampion Buildings, London, WCSA 14Y, from
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FROZEN COOKED FOOD AND ITS PRODUCTION

Inventor(s): ISHII SHOJI + (ISHII SHOJI)

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

Classification: - international:A23L.23/00; A23L.3/36; A23L.35/00; A23L7/10;
A23L7/109; IPC1-7): A23L1/10; A23L1/16;
AZ3L1/39: A23L1/48; A23L.3/36

- cooperative:
Application JP19990211469 19990727
number:
Priority JP19990211469 19990727
number(s):

Abstract of JP20MM037434 (A}

PROBLEM TO BE SOLVED: To obtain a frozen cooked focd producible in high
afficiency and having the appearance and palatability of newly cookad food by bringing
a cooked main food material into contact with a gelatinous seasoning Hguid addad with
gelatin and filling the mixiure in a package. SOLUTION. (A} A main food material such
as cooked noodis, pasia or rics 18 filled in a package in a3 siale contaching with (8 &
gelatinous seasoning Hiquid obtainad by adding gelatin 10 a seasoning liguid such as
sauce or soup. When the objective food is 8.¢. chow mein, the sleamed noodie for
chow mein s preparad first, the noodie is mixed with a seasoning sauce, ingredients,
oil, et and the mixture is heal-reated 1o sufficiently fry the noodle and cooled W
normal temperagture. Separately, 2 sauce same as or similar {o the above seasoning
saucs i incorporated with gelatin and coocled to solidify the sauce in gelatinous state. A
prescribed amount of the cooked chow mein 4 is brought info contact with a prescribed
amount of the gelatinous sauce &, filled in a package 1 and frozen (o oblain the
objactive frozen food.
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PASTA AND METHOD FOR PRODUCING THE SAME

Inventor(s): NISHIWAKI KEISUKE; ISHIBASHI HIDEAKI + (NISHIWAKI
KEISUKE, ; ISHIBASHI HIDEAKI)

Applicant(s): NIPPON FLOUR MILLS + (NIPPON FLOUR MILLS CO LTD)

Classification: - international: A23L7/108; (IPC1-7): A23L1/16
- cooperative:

Application JP20000166646 20000602

number:

Priority JP20000166646 20000602

number(s):

Abstract of JP2001348833 (A}

PROBLEM TQ BE SOLVED: To obtain pasta with good palate feeling. SOLUTION: The
method for producing pastia is characierized by comprising the foliowing process: &
chip-like dough is produced by extruding a dough 25-45 wi.% in water content after
kneading under a reduced pressureg, 1.8, »=55 kPa less than the almospheric pressurs,
and the chip-iike dough thus produced is kneaded again and extruded.
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METHODR FOR PRODUCING NOODLES AND NOODLE QUALITY IMPROVER

Inventor(s): KAWAI TAKANORI; HANEKI TAKASHI; KONDO KEIICHI; YOKOTA
YUURI; SAKIDA 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: A23L7/108; IPC1-7). A23L1/16
- cooperative:

Application JP20010226061 20010726
number:

Priority JP20010226061 20010726 ; JP20000224717 20000726
number(s):

Abstract of JP2002101838 (A}

PROBLEM TO BE SOLVED: To provide a method for producing noodias good in taste
of the noodies, having a moderate hardness, elasticity (viscoslasticily), chewiness and
smoothness {smooth fesling} with texture good in throat passage and scarcely losing
firmness with hot watsr and by belling without detsrioraling the {aste of the noodiss and
to obtain & quality improver for the noodles and the noodies capable of maintaining the
texiure even during the production or after storage thereof not only in the noodles
saten st after cooking but alse in cooked noodies, raw type instant nogdles
{hereinafier referred to LL noodiag), frozen noodlas or instant noodias, SCLUTION: A
vegatable protein or 3 milk protein having <=20 [mulm average particls diameter is
added.
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SEASONING LIQUID IMPARTING BAKING FLAVOR, STEAMED NOODLE COATED
WITH THE SAME, AND METHOD FOR PRODUCING THE SAME

Inventor(s): SHIIBASHI YUSUKE; KAWADA RYOICHI; HIRAKAWA TOSHIAKI:
NASU YASUNOBU: OTA KEIJI + (SHIIBASHI YUSUKE, ; KAWADA
RYOICHI, : HIRAKAWA TOSHIAKI, ; NASU YASUNOBU, ; OTA
KEIJI)

Applicant(s):  SHIMADAYA CORP + (SHIMADAYA CORP)

Classification: - international: AZ3L27/00; A23L7/108
- cooperative:

Application JP20080167927 20080530 Global Bossier

number:

Priority JP20080167927 20080530

number(s):

Also published JP4993216 (B2)
as.:

Abstract of JP2008284883 (A}

PROBLEM TC BE SOLVED: To provide steamed noodies costed with a seasoning
fiquid, making a nice-smealling baking flavor by heating in & microwave oven compatible
with a smooth fexture of just bolled raw nocdles. [ SOLUTION: The top surface of &
fump of steamed noodies is coated with a whipped seasoning lquid oblained by
dissolving a reducing sugar activating an anminccarbonyiation reaction by being heated,
and gelatin as a gelling agent in a seasoning liquid containing a proiein hydrolyzate
and heating, and then whipping while cogling. 3ince flowing down into gaps of the
noodles s hardly caused even after heating and msliing, and heat is readily generaiad
by heating in a microwave oven {o ohiain the nice-smealling baking flavor in a short time,
the sieamed noodles are not excassively heated. ;COPYRIGHT:, (012010, JPOSINPIT
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T Espacenet

INSTANT NOODLE

Inventor(s): INAOKA TOKIJIROU; FUKITA TOMOHIRO; SHIIBA DAISUKE;
KAMEO YOJUI; GENJI MIWA; KOMIKADO MASANORI + (INAOKA
TOKIJIROU, ; FUKITATOMOHIRO, ; SHIIBA DAISUKE, ; KAMEO
YOI, ; GENJI MIWA, ; KOMIKADO MASANORI)

Applicant(s): KAO CORP + (KAO CORP)
Classification: - international:A23L7/108; A23L7/113; IPC1-7); A23L1/16;

A23L.1/162
- cooperative:
Application JP19950226323 19950904
number:
Priority JP19950226323 19950904
number(s):

Abstract of JPHOSTOZTI A}

PROBLEM TO BE SOLVED: To obtain instant noodie having excelient instant
cockability and resembling genuine noodie in taste and palatability by adding 8
dighvearo! disaturated fatly acid ester to raw material fouwr, Kneading the mbdure,
forming {o noodie form and gelatinizing the noodle. SCLUTION: Raw material flour
produced by mixing wheat flowr with potato starch in the form of powdear is incorporated
with a diglycerol fatty acid ester composition containing >=80wi. % of a diglvcerd
saturated fatly acid ester having 3 siruciure oblained by esterifying sitherone of g
terminal hydroxyl group or adjacent hydroxyl group of digliyeerel and sither one of the
oiher tarminal hydroxyl group or adjacent hydroxyl group with a saturated fatly acid, the
mixiure is kneaded after the addition of salt and water, the prepared noodie dough is
formed by a rofl mill, the oblained noodie strip is siit o nocdle strings with a disk blade
and the strings are gelatinized and dried to obiain the objective instant noodies having
axcellent instant cookability and resembiing genuing neodles in the tasie and
palatability.
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statement. Copies of the documents are being submitted with this statement to the extent
required under 37 CFR § 1.98(a)(2).

This statement is being filed before the receipt of a first Office Action on the merits.
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under 37 CFR § 1.17(p), or credits, to Deposit Account No. 06-1050, referencing the above-
indicated Attorney Docket Number.

Please contact the undersigned if there are any questions regarding this statement.

Respectfully submitted,

Date: September 26,2019 /M. Angela Parsons/

M. Angela Parsons, Ph.D.
Reg. No. 44,282
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Fish & Richardson P.C.
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Filer Authorized By:

M. Angela Parsons

Attorney Docket Number: 38767-0015008
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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 Applications 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 Application 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 Application 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 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0O/105) 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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Substitute Disclosure Form U.S. Department of Commerce | Attorney Docket No. Application No.
Patent and Trademark Office | 38767-0015008 15/913,090
Information Disclosure Statement Applicant
by Applicant Impossible Foods Inc.

(Use several sheets if necessary) Filing Date Group Art Unit

(37 CFR §1.98(b)) March 6, 2018 1791
U.S. Patent Documents
Examiner | Desig. Document Publication Filing Date
Initial 1D Number Date Patentee Class | Subclass If Appropriate

Foreign Patent Documents or Published Foreign Patent Applications

Examiner | Desig. Document Publication Country or Translation
Initial ID Number Date Patent Office Class | Subclass | Yes | No

Other Documents (include Author, Title, Date, and Place of Publication)

Examiner | Desig.
Initial 1D Document

1 Charkin, et al., "Fragmentation of heme and hemin+ with sequential loss of carboxymethyl groups:
’ A DFT and mass-spectrometry study,” Chemical Physics Letters, 2005, 415:362—369

2. FDA Statement and Response, GRAS Notice 540, dated May 29, 2015, 13 pages

FDA Statement, "Structural comparison of plant hemoglobins and animal myoglobins," annex to
communication in opposition to EP Patent No. 2943072, 2019, 5 pages

Fyrestam and Ostman, "Determination of heme in microorganisms using HPLC-MS/MS and
4. cobalt(III) protoporphyirin IX inhibition of heme acquisition in Escherichia coli," Anal. Bioanal.
Chem., 2017, 409:6999-7010

GenBank Accession No. AFB70892.1, Sariam, "Non-symbiotic hemoglobin [Vigna radiata]," dated
2/26/2012, 1 page

Gledhill, "The detection of iron protoporphyrin (heme b) in phytoplankton and marine particulate
6. material by electrospray ionisation mass spectrometry - comparison with diode array detection,”
Anal. Chim. Acta., 2014, 841:33-43

Impossible Foods Response to Opponent's Reply in opposition to EP Patent No. 2943072, dated

7- 11/21/2019, 28 pages

8 Jenschke, et al., "Unsaturated fatty acids and sodium affect the liver-like off-flavor in cooked beef,"
) J. Anim. Sci., 2007, 85:3072-3078

9 Jianjun Jiang, et al., "Food technology (Volume 1)," Higher Education Press, 2002, 1:31-32, English
) translation

10 Kohler, et al., “Physiological Characterization of a Heme-Deficient Mutant of Staphylococcus

aureus by a Proteomic Approach,” Journal of Bacteriology 2003, 185:6928-6937

Lane and Nursten, “The Variety of Odors Produced in Maillard Model Systems and How They Are
11. Influenced by Reaction Conditions,” in: The Maillard Reaction in Foods and Nutrition, Waller and
Feather, eds., ACS Symposium Series, 1983, No. 215, pp. 141-158

12. Opponent's Reply Letter in opposition to EP Patent. No. 2943072, dated 11/21/2019, 15 pages

Pashynska, et al., “Characterization of Noncovalent Complexes of Antimalarial Agents of the
13. Artemisinin-Type and FE(III)-Heme by Electrospray Mass Spectrometry and Collisional Activation
Tandem Mass Spectrometry,” J. Am. Soc. Mass Spectrom., 2004, 15:1181-1190

Song, et al., "Agricultural and sideline products processing value-added technology II: Processing of

14. soybean products,” Henan Science and Technology Press, 2009, 1:64-69, English translation
15 Wang and Wang, "Principles and techniques of food nutrition and health care," China Light Industry
’ Press, 1998, 1:446-449, English translation
Examiner Signature Date Considered

EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.
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Attorney Docket No.: 38767-0015008

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor : Rachel Fraser Art Unit ;1791

Application No. 15/913,090 Examiner : Unknown

Filed March 6, 2018 Conf.No. : 9878

Title METHODS AND COMPOSITIONS FOR AFFECTING THE
FLAVOR AND AROMA PROFILE OF CONSUMABLES

MAIL STOP AMENDMENT

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Please consider the documents listed on the disclosure form submitted with this

statement. Copies of the documents are being submitted with this statement to the extent
required under 37 C.F.R. § 1.98(a)(2).
This statement is being filed within three months of the filing date of the application or

before the receipt of a first action on the merits; therefore, no fee is believed due.

Please apply any necessary charges or credits applicable under 37 C.F.R. § 1.17(p) to

deposit account 06-1050, referencing the above attorney docket number.

Please contact the undersigned if there are any questions regarding this statement.

Respectfully submitted,

Date: November 26, 2019 /Kimberly M. Maize, Reg. No. 76,370/

Customer Number 26191
Fish & Richardson P.C.

Kimberly M. Maize
Reg. No. 76,370

Telephone: +1 (612) 638-5707
Facsimile: (877) 769-7945

62179616.doc
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File Listing:
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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 Applications 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 Application 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 Application 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 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) 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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Substitute Disclosure Form U.S. Department of Commerce | Attorney Docket No. Application No.
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Information Disclosure Statement Applicant
by Applicant Impossible Foods Inc.

(Use several sheets if necessary) Filing Date Group Art Unit

(37 CFR §1.98(b)) March 6, 2018 1791
U.S. Patent Documents
Examiner Desig. Publication Filing Date
Initial 1D Document Number Date Patentee If Appropriate Class Subclass

Foreign Patent Documents or Published Foreign Patent Applications

Examiner Desig. Publication Country or
Initial ID Document Number Date Patent Office Translation Class Subclass
1. JP H08-289761 11/5/1996 JP Abstract

Other Documents (include Author, Title, Date, and Place of Publication)

Examiner | Desig.
Initial 1D Document

2 "Peas, green raw," FoodData Central, US Department of Agriculture, retrieved from URL
’ <https:/fdc.nal.usda.gov/fdc-app.html#/food-details/170419/nutrients>, April 1, 2019, 8 pages

3 Berrios, et al., "Carbohydrate composition of raw and extruded pulse flours," Food Research
’ International, 2010, 43:531-536

4. EP Opposition, in Application No. 14737766.7, dated July 4, 2019, 8 pages

Jahreis, et al., "Legume flours: nutritionally important sources of protein and dietary fiber,"

> Ernahrungs Umschau, 2016, 63(2):36-42

6 Liu, "Comparison of lipid content and fatty acid composition and their distribution within seeds of 5
’ small grain species," J. Food Sco., 2011, 76(2):C334-C342

7 Macnicol, "Developmental changes in the free amino acid pool and total protein amino acids of pea

cotyledons (Pisum sativum L.)," Plant Physiol., 1983, 72:492-497

Oldach, "Biochemistry of a Burger: Impossible Foods does science, makes food and tries to change
8. the world," ASBMB Today, retrieved from URL <https://www.asbmb.org/asbmb-
today/industry/100119/biochemistry-of-a-burger>, October 1, 2019, 12 pages

9. Opponent's Reply Letter in opposition to EP Patent. No. 2943072, dated 1/20/2020, 18 pages

Rebuttal Declaration of Dr. Jorge Ruiz-Carrascal and Supporting Exhibits, dated January 20, 2020,

10. 12 pages
1 Warendorf, et al., "The flavour of bouillon: 2. Sensory analysis of non-volatiles and imitation of a
) bouillon," Z. Lebensm. Unters. Forsch., 1992, 195(3):215-223, English Abstract
12 Wood, et al., "Fatty deposition, fatty acid composition and meat quality: a review," Meat Science,
) 2008, 78:343-358
Examiner Signature Date Considered

EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.
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Attorney Docket No.: 38767-0015008

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor : Rachel Fraser Art Unit 1791

Application No. 15/913,090 Examiner Unknown

Filed March 6, 2018 Conf.No. : 9878

Title METHODS AND COMPOSITIONS FOR AFFECTING THE
FLAVOR AND AROMA PROFILE OF CONSUMABLES

MAIL STOP AMENDMENT

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Please consider the documents listed on the disclosure form submitted with this

statement. Copies of the documents are being submitted with this statement to the extent

required under 37 C.F.R. § 1.98(a)(2).

The applicant wishes to make the Examiner aware of the following related applications.

The prosecution histories for these applications and patents are available on PAIR, and are not

provided with this statement.

Application No. Filing Date First Named Inventor | Attorney Docket No.
14/796,970 7/10/2015 Marija Vrljic 38767-0010001
15/786,776 10/18/2017 Marija Vrljic 38767-0010002
16/238,802 1/3/2019 Marija Vrljic 38767-0010003
16/238,769 1/3/2019 Marija Vrljic 38767-0010004
14/152,499 1/10/2014 Patrick O'Reilly 38767-0012001

Brown M.D., Ph.D.
14/752,540 6/26/2015 Patrick O'Reilly 38767-0012002
Brown M.D., Ph.D.
15/985,694 5/21/2018 Patrick O'Reilly 38767-0012003
Brown M.D., Ph.D.
14/797,006 7/10/2015 Rachel Fraser 38767-0015001
15/398,479 1/4/2017 Rachel Fraser 38767-0015002
15/624,505 6/15/2017 Rachel Fraser 38767-0015003
15/624,513 6/15/2017 Rachel Fraser 38767-0015004
15/839,994 12/13/2017 Rachel Fraser 38767-0015005
15/913,018 3/6/2018 Rachel Fraser 38767-0015006
15/912,763 3/6/2018 Rachel Fraser 38767-0015007
13/941,211 7/12/2013 Patrick O'Reilly 38767-0019001
Brown M.D., Ph.D.
15/985,697 5/21/2018 Patrick O'Reilly 38767-0019002
Brown M.D., Ph.D.
15/300,339 9/29/2016 Ranjani Varadan 38767-0026US1
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First Named Inventor :  Rachel Fraser Attorney Docket: 38767-0015008
Application No. : 15/913,090
Filed : March 6,2018
Page i 20f2
16/238,698 1/3/2019 Ranjani Varadan 38767-0026002
16/238,749 1/3/2019 Ranjani Varadan 38767-0026003

This statement is being filed before the receipt of a first action on the merits. Therefore,
no fee is believed due.

Please apply any necessary charges or credits applicable under 37 C.F.R. § 1.17(p) to
deposit account 06-1050, referencing the above attorney docket number.

Please contact the undersigned if there are any questions regarding this statement.

Respectfully submitted,

Date: March 19, 2020 /Kimberly M. Maize, Reg. No. 76,370/

Kimberly M. Maize
Reg. No. 76,370

Customer Number 26191

Fish & Richardson P.C.
Telephone: +1 (612) 638-5707
Facsimile: (877) 769-7945

62274507.doc
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3/6/2020 Espacenet — search results

o

JPHO8280761A AGENT FOR IMPARTING THICK TASTE

Espacenet

Applicants: AJINOMOTO KK
inventers: OMURA HARUIKLSHIBUYA KOUJI

Classifications:
P

O

A23LITI00; A2BL27/20; AZIL2T/22; ABZL2AT/23; (IPCH-7) AZ3LN/226,; AZ3L1/228; A231.1/228,
A23L.1/325;

Priorities: JPY706535A 1895-04-21
Application: JPS706585A-1895-04-21
Publication: JPH08288761A- 1896-11-05
Published as: JPHOBZ89761A,JP3487881B2
AGENT FOR IMPARTING THICK TASTE
Abstract

PURPOSE: To obtain an inexpensive agent for imparting thick taste, containing a sulfone-containing compound as the exclusive
component or the compound in combination with betaine and/or a phosphoric acid salt as active componenis and imparting thick
delicious taste to a food or drink by using in combination with a {asty substance. CONSTITUTION: This thick taste imparting
agent contains a sulfone-containing compound (preferably laurine} as the exclusive component or in combination with betaine
{e.g. glycine betaine) and/or a phosphoric acid salt (secondary sodium orthophosphate) as active components. The amounts of
the active components {0 be compounded to a tasly substance are e.g. 0.01-20 pis.wt. each of taurine, disodium phosphate and
glycine betaine based on 1 pt.wl. of sodium glutamate used as the tasty substance.
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15/913,090 Fraser et al.

Office Action Summary Examiner ArtUnit | AIA (FITF) Status
ELIZABETH A GWARTNEY 1796 No

-- The MAILING DATE 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)(J Responsive to communication(s) fledon .
U A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)[] This action is FINAL. 2b) ¥ This action is non-final.

3)O 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)(OJ 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 £x parte Quayte, 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) (0 Claim(s) ___is/are allowed.
7) Claim(s) 31-53 is/are rejected.
8) (O Claim(s) ____is/are objected to.
9) [ 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)(J The specification is objected to by the Examiner.
11)& The drawing(s) filed on 06 March 2018 is/are: a)(]J accepted or b)) 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)d Al b) Some**  ¢)(3 None of the:
1.J 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) Notice of References Cited (PTO-892) 3) [J Interview Summary (PTO-413)
Paper No(s)/Mail Date
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 0 Oﬂ?er' (s)
Paper No(s)/Mail Date —
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20200506
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DETAILED ACTION

Notice of Pre-AIA or AIA Status

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 1.121(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
1.121(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. 112(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.

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),
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-
ATA 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-
ATA 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 1); 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 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 elaims 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 elaim 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 corn 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
11. 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 Longi, 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 1.321(c) or 1.321(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
§8§ 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
1.321(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
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-1.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
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 31-49 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
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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 A. GWARTNEY
Primary Examiner
Art Unit 1791

/ELIZABETH GWARTNEY/

Primary Examiner, Art Unit 1796
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167. WO 1997/01961 01/23/1997 | WIPO
168. WO 1998/012913 04/02/1998 | WIPO
169. WO 1998/053698 12/03/1998 | WIPO
170. WO 2001/022829 04/05/2001 | WIPO
171. WO 2001/022830 04/05/2001 | WIPO
172. WO 2003/070172 08/28/2003 | WIPO
173. WO 2004/113543 12/29/2004 | WIPO
174. WO 2005/013713 02/17/2005 | WIPO
175. WO 2005/046354 05/26/2005 | WIPO
176. WO 2005/097059 10/20/2005 | WIPO
177. WO 2006/042608 04/27/2006 | WIPO
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179. WO 2007/115899 10/18/2007 | WIPO
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"Rethink Meat," Presented at the 6th Annual Sustainable Innovation Forum, Paris, France,

198. December 7-8, 2015, retrieved on 2/1/2016, https://amp.twimg.com/v/7¢7f7084-b173-42cb-bc12-

723135994 dff, 1 page (Video Submission)
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"Veggie burgers that look, taste, and bleed like real meat," CBS News, August 9, 2016, retrieved
200. August 25, 2016 <http://www.cbsnews.com/news/food-trend-veggie-burgers-that-look-bleed-taste-
like-real-meat/>, 4 pages
"Watch Momofuku Cook Impossible Foods' Plant-Based Burger that 'Bleeds'," Vice, July 27, 2016,
201. retrieved August 25, 2016, <https://munchies.vice.com/en/videos/watch-momofuku-cook-
impossible-foods-plant-based-burger-that-bleeds>, 3 pages
“Acidified Milk Products and Protein Stabilisation,” Herbstreith & Fox, retrieved on 3/3/2014,
202. http://www.herbstreith-fox.de/en/informative-literature/informative-literature-from-rd-and-tech-
application.html, 15 pages
“Ice Cream and Ice Cream Desserts,” Herbstreith & Fox, retrieved on 3/3/2014,
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application.html, 5 pages
“Innovation at Its Best: 5 Years of Food Valley Awards,” Food Valley, retrieved on 3/7/2014,
204. http://www foodvalley .nl/English/Afbeeldingen/FV Ajubileumuitgave/Innovation%?20at%201ts%20B
€5t%20-%205%20Y ears%200f%20Fo0d%20Valley%20Awards.pdf, 51 pages
“Low Methylester Amidated Pectins,” Herbstreith & Fox, retrieved on 3/3/2014,
205. http://www .herbstreith-fox.de/en/informative-literature/informative-literature-from-rd-and-tech-
application.html, 13 pages
“Stabilisation of Whey and Whey Mix Products with Pectin,” Herbstreith & Fox, retrieved on
206. 3/3/2014, http://www.herbstreith-fox.de/en/informative-literature/informative-literature-from-rd-
and-tech-application.html, 6 Pages
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application.html, 6 pages
Asgar et al., "Nonmeat Protein Alternatives as Meat Extenders and Meat Analogs," Comprehensive

208. Reviews in Food Science and Food Safety, 2010, 9:513-529
Aubrey, "Food For Thought: Saving The Planet, One Burger At A Time: This Juicy Patty Is Meat-
209 Free," The Salt, February 11, 2017, retrieved on February 14, 2017, retrieved from
’ <http://www.npr.org/sections/thesalt/2017/02/11/514544431/saving-the-planet-one-burger-at-a-
time-this-juicy-patty-is-meat-free>, 14 pages
210 Australian Patent Examination Report No. 1 in Australian Application No. 2012281064, dated
' January 25, 2016, 5 pages
211 Australian Patent Examination Report No. 1 in Australian Application No. 2012281069, dated
’ September 25, 2015, 5 pages
12 Back, “Process Flavors,” Handbook of Meat, Poultry and Seafood Quality, Second Edition, 2012,
) Chapter 7, 91-104
13 Bastide et al., "Heme Iron from Meat and Risk of Colorecttal Cancer: A Meta-analysis and a Review
' of the Mechanisms Involved," Cancer Prevention Research, 2011, Vol. 4, pp 177-184
214 Battaglia et al., “The Enigmatic LEA Proteins and Other HydroPhilins1{W],” Plant Physiology,

September 2008, 148:6-24
215. Belitz et al., "Aroma Compounds," Food Chemistry, Springer 2009, pp. 340-402
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216. Belitz et al., Food Chemistry, 3rd revised edition. Springer-Verlag, Berlin (2006), p. 368

Beuchat et al., "Fermentation of Peanut Milk with Lactobacillus bulgaricus and L. acidophilus," J.
Food Sci, 1978, 43:1109-1112

Beyond Better Order page and Nutritional Facts, retrieved on 2/6/2014, http://www.beyond-
better.com/order.html, 8 pages

219. Beyond Meat, posted on or before 2/24/2001, accessed 1/7/2014, http://beyondmeat.com/, 2 pages

Boca Bruschetta Tomato Basil Parmesan Veggie Patties Package Ingredients, posted on or before
220. 7/22/2008, accessed on 1/7/2014, http://www bocaburger.com/products/nutrition-
info.aspx?product=5928360103, 1 page
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Boca Original Meatless Chik’n Nuggets Package Ingredients, posted on or before7/22/2008,

222. accessed 1/7/2014, http://www bocaburger.com/products/nutrition-info.aspx?product=5928360012,
1 page

Boca Original Vegan Meatless Burgers Package Ingredients, posted on or before 7/14/2008,

223. accessed 1/7/2014, http://www bocaburger.com/products/nutrition-info.aspx?product=5928333445,
1 page

Boral and Bohidar , “Effect Of Ionic Strength On Surface-Selective Patch Binding-Induced Phase
224, Separation And Coacervation In Similarly Charged Gelatin-Agar Molecular Systems,” Journal of
Physical Chemistry B, 2010, 114(37): 12027-35

Bradshaw, “Food 2.0: the future of what we eat,” FT Magazine, October 31, 2014, retrieved on

225. 11/11/2014, http://www ft.com/cms/s/2/bfacfca0-5fbb-11e4-8¢c27-
00144feabdc0.html#axzz3InGaCIdL, 6 pages

Brewer, "The Chemistry of Beef Flavor," December, 20006, retrieved on August 30, 2016,

226. <http://beefresearch.org/CMDocs/BeefResearch/The%620Chemistry %6200f%20Beef%20Flavor.pdf>,
16 pages

Brooks et al., "Prediction of beef flavor by precursor and volatile compounds Principal Investigators:
Funded by The Beef Checkoff," Texas Tech University, May 31, 2012, retrieved August 30, 2016,

217.

218.

221.

227. <http://www .beefresearch.org/CMDocs/BeefResearch/PE_Project Summaries FY 11Prediction_of
beef flavor.pdf>
28 Bunge et al., "Quest Heats up for Alternatives to Beef," The Wall Street Journal, Business News,

November 4, 2016, page B5
229. Burdock, "Fenaroli's handbook of flavor ingredients," CRC press, 17 pages (2016)

Bute Island Foods, “Cheese,” posted on or before 12/5/2006, retrieved on 2/6/2014,

http://www .buteisland.com/a_sheese_home.htm, 2 pages

Cadwallader and Macleod, "16 Instrumental methods for analyzing the flavor of muscle foods,"
Flavor of Meat, Meat Products and Seafoods, 18 pages (1998)

232. Calkins et al., "A fresh look at meat flavor," Meat Science, 77(1):63-80 (2007)

230.

231.

Cemy et al., "Formation of Aroma Compounds from Ribose and Cysteine during the Maillard
Reaction," J. Agric. Food Chem., 2003, 51, pp. 2714-2721
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Chamlee, "Why Do People Want Veggie Burgers That Bleed?." Eater, July 25, 2016, retrieved
234. August 25, 2016, <http://www .eater.com/2016/7/25/12270698/1ab-grown-meat-beyond-burger-
impossible-foods>, 11 pages
Chau, "Uncanny Patty," The Ringer, February 27, 2017, retrieved on February 28, 2017, retrieved
235. | from <https://theringer.com/impossible-burger-last-meal-on-earth-week-food-
fof14acdb99d#.vocb2hi6e>, 19 pages

236. Chaudhari et al., "The cell biology of taste," 190(3):285-296 (August 2010)
Chen et al., "Effect of Urea on Volatile Generation from Maillard Reaction of Cysteine and Ribose,"

237. J. Agric. Food Chem., 48:3512-3516 (2000)
238 Chen etal., "Inﬂuepce of DNA on Vola@le Generaﬁon from Maillard Reaction of Cysteine and

' Ribose," Nutraceutical Beverages, American Chemical Society, pp. 427-442 (December 2003)
239, Chicago Vegan Foods, accessed on 1/7/2014, http://chicagoveganfoods.com/products/teese-vegan-

cheese/, 8 pages

Clare et al., "Effects of Transglutaminase Catalysis on the Functional and Immunoglobulin Binding
240. Properties of Peanut Flour Dispersions Containing Casein," J. Agric. Food Chem., 2008,
56(22):10913-10921

241. Connelly and Piper, “Person of the Year: Tal Ronnen,” VegNews, November/December 2013, 29-32

Cott et al., "The Tmpossible' Veggie Burger: A Tech Industry Answer to the Big Mac," Business
Day, January 13, 2017, retrieved on 01/17/2017,
<https://mobile.nytimes.com/2017/01/13/business/veggie-burger-impossible-

burger. html?referer=http://www.drudgereport.com/>, 7 pages

Dai, "David Chang Adds Plant Based Tmpossible Burger' to Nishi Menu," July 26, 2016, retrieved
243. July 27, 2016 <http://ny .eater.com/2016/7/26/12277310/david-chang-impossible-burger-nishi>, 6
pages

Daiya, Deliciously Dairy Free, “Say Cheese, Dairy-Free cheesy deliciousness,” posted on or before

242.

244. 1/26/2010, accessed 1/7/2014, http://www.daiyafoods.com, 6 pages

245 Davis et al., "Some Rheological Properties of Aqueous Peanut Flour Dispersions," J. Texture
) Studies, 2007, 38:253-272

246 Deliciously Healthy Nacheez, Products and Nutrition Facts, posted on or before 1/23/2011, retrieved
' on 2/7/2014, http:/macheez.com/, 9 pages

247 Dixie Diner’s Club, Cheese (Not!) Sauce Nutrition Facts, posted on or before 9/3/2009, retrieved on

2/7/2014, hitp://www.dixiediner.com/cheese-notAT™-sauce-regular-cheese-p-69.html, 2 pages
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248. hamburger again" Business Insider, June 12, 2016, retrieved June 14, 2016,

<http://www .businessinsider.com/impossible-burgers-taste-test-2016-6>, 14 pages

Donnelly, "Meet the Impossible Burger: It Looks and Tastes Like the Real Thing But Is Totally
249. Meat-Free," Vogue, August 1, 2016, retrieved August 25, 2016
<http://www.vogue.com/13462891/impossible-burger-meat-free-vegan-david-chang/>, 6 pages
Door 86 Vegan Cheese, Discover a New World of Vegan Cheese and Menu, posted on or before
12/5/2013, retrieved 2/7/2014, http://door86vegancheese. wix.com/door-86-vegan-cheese#, 14 pages
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Dr. Cow, Natural Living & Organic Foods, “Aged Cashew & Brazil Nut Cheese,” posted on or
251. before 9/22/2008, accessed 2/7/2014, http://www.dr-cow.com/products/aged-cashew-brazil. html, 1
page
Dr. Cow, Natural Living & Organic Foods, “Aged Cashew & Crystal Algae Cheese,” posted on or
252. before 9/22/2008, accessed 2/7/2014, http://www.dr-cow.com/products/aged-cashew-crystal. html, 1
page
Dr. Cow, Natural Living & Organic Foods, “Aged Cashew & Dulse Cheese,” posted on or before
9/22/2008, accessed 2/7/2014, http://www.dr-cow.com/products/aged-cashew-dulse.html, 1 page
Dr. Cow, Natural Living & Organic Foods, “Aged Cashew & Hemp Seeds Cheese,” posted on or
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page
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page
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1 page
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257. 9/22/2008, accessed 2/7/2014, http://www.dr-cow.com/products/aged-macadam-nut-cheese.html, 1
page
Dr. Cow, Natural Living & Organic Foods, “Cashew Nut Cream Cheese,” posted on or before
258. 9/22/2008, accessed 1/7/2014, http://www.dr-cow.com/products/cashew-nut-cream-cheese.html, 1
page
Duane, “Engineering the Future of Artisanal Vegan Cheese,” Food & Wine, November 2013,
http://www.foodandwine.com/articles/engineering-the-future-of-artisanal-vegan-cheese, 5 pages

253.

259.

260. DuFosse et al., "Importance of lactones in food flavours," Sciences Des Aliments, 14:17-25 (1994)

Elise, "Classic Meatloaf Recipe," Simply Recipes, 2009,

261. https://web.archive.org/web/20090518183257/http://

www.simplyrecipes.com/recipes/classic meatloaf, downloaded 22 November 2017, 11 pages

Ellis et al., "Structure of ferric soybean leghemoglobin a nicotinate at 2.3 A resolution," Acta
Crystallographica, May 1997, Section D, 53(3):302-310

Elmore et al., "Effect of the Polyunsaturated Fatty Acid Composition of Beef Muscle on the Profile
of Aroma Volatiles," J. Agric. Food Chem. 47:1619-1625 (1999)

Etienne, "Eating the plant-derived Impossible Burger cooked by Momofuku's David Chang," Tech
264. Crunch, July 26, 2016, retrieved August 25, 2016, <https://techcrunch.com/2016/07/26/eating-the-
plant-derived-impossible-burger-cooked-by-momofukus-david-chang/>, 9 pages

European Search Report (Supplementary) in European Application No. 12810661 .4, dated March

262.

263.

265. 12,2015, 14 pages
266 European Search Report (Supplementary) in European Application No. 12811683.7, dated March
) 12, 2015, 9 pages
267 European Search Report for International Application No. EP 14737766, dated July 15, 2016, 11
pages
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268 Fang et al., "Food Nutri_tion health Fheory and technology," China light industry press, p. 448,
) January 31, 1997 (English Translation)
Fantastic World Foods, “Fantastic Foods Nature’s Burger (Meatless Burger Mix),” posted on or
269. before 1/6/2009, accessed on 1/7/2014,
http://fantasticfoods.¢lsstore.com/view/product/?id=8715&cid=1967, 2 pages
Felt, "Raw Vegan Almond Ricotta Cheese," FeedYourSkull, March 12, 2012,

270. https://Afeedyourskull.com/2012/03/12/raw-vegan-almond-ricotta-cheese/, 15 pages

271 Field et al., "Heme Pigment Content of Bovine Hemopoietic Marrow and Muscle," J. Food Sci.,
) 45:1109-1112, 1980

7 Follow Your Heart Homepage, posted on or before 11/28/1999, accessed 1/7/2014,
) http://www followyourheart.com, 3 pages

73 Follow Your Heart, Products and Nutrition Facts, posted on or before 11/28/1999, accessed
' 2/7/2014, http://www followyourheart.com/products/, 26 pages

274 Foo, "Beef and Scallop Stir-Fry," Food & Wine, July 2001, retrieved on 9/10/2015,
' http://www.foodandwine.com/recipes/beef-and-scallop-stir-fry/print, 3 pages

275 Food for Lovers, Vegan Queso Original & Vegan Queso Mild, posted on or before 10/27/2011,
' retrieved 2/7/2014, http://www.foodforlovers.com/products, 3 pages

276 Fourth Chinese Office Action in Chinese Application No. 201280041713.1, dated 11/11/2016, 18

pages (with translation)

Free & Easy Dairy Free Cheese Flavour Sauce Mix, Holland & Barrett, posted on or before
277. 6/22/2013, retrieved 2/7/2014,

http://www .hollandandbarrett.com/pages/product detail asp?pid=2686, 2 pages

Fromson, "The Race to Build a Fake-Meat Burger That Just Might Save the World, Free the cows!"
New York Magazine, June 1-7, 2015, 46-48

Galaxy Foods Vegan Soy Grated Parmesan, ShopRite, retrieved 2/7/2014,

279. http://www.shoprite.com/pd/Galaxy-Nutritional-Foods/Vegan-Grated-Soy-Topping-Parmesan-
Flavo1/4-0z/077172640006/, 6 pages

Gardein The Ultimate Beefless Burger Package Ingredients, posted on or before 2013, accessed
1/7/2014, http://gardein.com/products/beefless-burger/, 12 pages

Gardenburger The Original Veggie Burger Package Ingredients, posted on or before 10/5/2008,
accessed 1/7/2014, http://www.gardenburger.com/product.aspx?id=11630, 1 page

282. GenBank Accession No. AFK42304.1, "unknown [Medicago truncatula], May 25, 2012, 1 page

283. GenBank Accession No. AAA02168.1, May 21, 1993, 1 page

GHARST, "Biochemical and Rheological Characteristics of Peanut Proteins Crosslinked with

284. Microbial Transglutaminase," A dissertation submitted to the Graduate Faculty of North Carolina
State University, Raleigh NC, 2007, 149 pages

Gharst, "Effects of Transglutaminase Catalysis on the Functional and Immunoglobulin Binding
285. | Properties of Peanut Flour Dispersions Containing Casein," J. Agric. Food Chem., 2008, 56:10913-
10921

Gharst, "The Effect of Transglutaminase Crosslinking on the Rheological Characteristics of Heated
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280.
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287. and carnivores alike," Tech Insider, August 4, 2016, retrieved on August 25, 2016,
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Amendments to Claims:

Listing of Claims.

1-30. (Cancelled)

31. (Currently Amended) A meat-like-food product produced by a method comprising:
providing one or more plant proteins; and
combining, with the one or more plant proteins:

a sewree-ef-composition comprising a heme-containing protein, wherein

the heme-containing protein is free of animal heme-containing proteins and wherein the seuree
of-the-heme-contatning pretein-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, cafteic 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 150°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 which-havea
meat-assoctated-aromaselected from the group consisting of (1-ethyl-1-propenyl)-benzene, (E)-
2-decenal, (E)-2-heptenal, (E)-2-hexenal, (E)-2-nonenal, (E)-2-octen-1-ol, (E)-2-octenal, (E)-2-
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tridecen-1-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-1-ol, acetate. [(methylsulfonyl)methyl]-benzene. 1-

(ethylthio)-2-(methylthio)-buta-1.3-diene, 1-(methylthio)-propane. 1.1'-(1.2-cyclobutanediyl)bis-

cis-benzene, 1.10-undecadiene. 1.3.5-cycloheptatriene. 1.3-bis(1.1-dimethylethyl)-benzene, 1.3-

diisopropoxy-1.3-dimethyl-1_3-disilacyclobutane, 1.3-dimethyl-benzene. 1-decen-3-one. 1-

heptanol. 1-heptyl-1.2.3 4-tetrahydro-4-methyl-naphthalene. 1-hexanol. 1-hydroxy-2-propanone,

1-nonanol, 1-octanol, 1-octen-3-ol, 1-octen-3-one, 1-octene. 1-pentanol. 1-penten-3-one. 1-

undecanol, 2.2.4.6.6-pentamethyl-heptane. 2.3 4-trimethyl-pentane. 2.3-butanedione, 2.3-

dihydro-5-methyl-furan, 2.3-dimethyl-pyrazine, 2.4-decadienal. 2.4-dimethyl-1-heptene, 2.5-

dimethyl-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-1(H)-pyrrole. 2-methyl-1-heptene,

2-methyl-1-penten-1-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-

tridecen-1-ol, 2-undecanone, 2-undecenal, 3-(methylthio)-propanenitrile, 3-(phenylmethyl)-2.5-

piperazinedione, 3.3’-dithiobis-2-methyl-furan. 3.5-bis(1,1-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(1.1-

dimethylethyl)-phenol. 4-ethoxy-benzoic acid, ethyl ester. 4-ethyl-2-methyl-pyrrole, 4-ethyl-

benzaldehyde. 4-methyl-2-heptanone, 4-methyl-5-thiazoleethanol. 4-methylthiazole. 4-

nitrophenyl 2-thiophenecarboxylic acid ester, 4-penten-2-one, 4-quinolinecarboxaldehyde, 5-(2-

chloroethyl)-4-methylthiazole, 5-ethenyl-4-methyl-thiazole. 5-ethyldihydro-2(3H)-furanone. 5-

formyl-4-methylthiazole, 5-methyl-1-undecene, 6-methyl-2-heptanone, 7-methyl-(E)-5-

undecene, 9-octadecenal, acetaldehyde, acetic acid, acetone, acetonitrile, acetophenone, acetyl

valeryl, aminophenylacetylene, benzaldehyde, benzene, benzoic acid, benzyl alcohol, bis(2-
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methyl-4.5-dihydro-3-furyl) disulfide, butanal. butanone, butyrolactone, carbon disulfide.

decanal. dihydro-3-(2H)-thiophenone. dihydro-5-pentyl-2(3H)-furanone, dimethyl selenone,

dimethyl sulfide, dimethvl 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-

pentenyDfuran, 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 which-have-a
meat-assoctated-aromaselected from the group consisting of (1-ethyl-1-propenyl)-benzene, (E)-
2-decenal, (E)-2-heptenal, (E)-2-hexenal. (E)-2-nonenal, (E)-2-octen-1-ol, (E)-2-octenal. (E)-2-
tridecen-1-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-1-ol, acetate. [(methylsulfonyl)methyl]-benzene, 1-

(ethylthio)-2-(methylthio)-buta-1.3-diene, 1-(methylthio)-propane, 1.1'-(1,2-cyclobutanediyl)bis-

cis-benzene, 1.10-undecadiene. 1.3.5-cycloheptatriene. 1.3-bis(1.1-dimethylethyl)-benzene, 1.3-

diisopropoxy-1.3-dimethyl-1_3-disilacyclobutane, 1.3-dimethyl-benzene. 1-decen-3-one. 1-

heptanol. 1-heptyl-1.2.3 4-tetrahydro-4-methyl-naphthalene. 1-hexanol. 1-hydroxy-2-propanone,

1-nonanol, 1-octanol. 1-octen-3-ol. 1-octen-3-one. 1-octene. 1-pentanol. 1-penten-3-one, 1-

undecanol, 2.2.4.6.6-pentamethyl-heptane. 2.3 4-trimethyl-pentane. 2.3-butanedione, 2.3-

dihydro-5-methyl-furan, 2.3-dimethyl-pyrazine, 2.4-decadienal. 2.4-dimethyl-1-heptene. 2.5-

dimethyl-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-1(H)-pyrrole. 2-methyl-1-heptene,

2-methyl-1-penten-1-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-

tridecen-1-ol. 2-undecanone. 2-undecenal. 3-(methylthio)-propanenitrile, 3-(phenylmethyl)-2.5-

piperazinedione, 3.3’-dithiobis-2-methyl-furan, 3.5-bis(1,1-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(1.1-

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, dimethvyl 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-xvlene, pyrazine,

pyrrole, styrene. thiazole. thiocyanic acid. methyl ester. thiophene, toluene, trans-2-(2-

pentenyDfuran, 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 whieh
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have-a-meat-assoctated-aromaselected from the group consisting of (1-ethyl-1-propenyl)-
benzene, (E)-2-decenal. (E)-2-heptenal. (E)-2-hexenal. (E)-2-nonenal. (E)-2-octen-1-ol. (E)-2-
octenal, (E)-2-tridecen-1-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-1-ol. acetate, [(methylsulfony)methyl]-

benzene, 1-(ethylthio)-2-(methylthio)-buta-1.3-diene, 1-(methylthio)-propane, 1.1'-(1.2-

cyclobutanediyl)bis-cis-benzene, 1.10-undecadiene, 1.3.5-cycloheptatriene, 1.3-bis(1.1-

dimethylethyl)-benzene, 1. 3-diisopropoxy-1.3-dimethyl-1.3-disilacyclobutane. 1.3-dimethyl-

benzene, 1-decen-3-one, 1-heptanol, 1-heptyl-1.2.3 4-tetrahydro-4-methyl-naphthalene. 1-

hexanol. 1-hydroxy-2-propanone, 1-nonanol. 1-octanol. 1-octen-3-ol. 1-octen-3-one, 1-octene, 1-

pentanol. 1-penten-3-one, 1-undecanol, 2.2.4.6.6-pentamethyl-heptane. 2.3.4-trimethyl-pentane,

2 3-butanedione, 2.3-dihydro-5-methyl-furan. 2.3-dimethyl-pyrazine. 2.4-decadienal. 2.4-

dimethyl-1-heptene, 2.5-dimethyl-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-1(H)-pyrrole, 2-methyl-1-heptene, 2-methyl-1-penten-1-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-tridecen-1-ol, 2-undecanone, 2-undecenal. 3-

(methylthio)-propanenitrile, 3-(phenylmethyl)-2.5-piperazinedione, 3.3’-dithiobis-2-methyl-

furan, 3.5-bis(1.1-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(1.1-

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-
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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-

pentenyDfuran. 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:

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]-[0011]), there is no description of a

299

‘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. §
112(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). Hsieh 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 150°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 I); 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:

[flortification [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, lowa 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 fo 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 “[fJortification [with] iron has a
potential negative effect on organolepftic 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.

Respectfully submitted,

Date: November 12. 2020 /Kimberly M. Maize, Reg. No. 76.370/

Kimberly M. Maize
Reg. No. 76,370

Customer Number 26191

Fish & Richardson P.C.
Telephone: +1 (612) 638-5707
Facsimile: (877) 769-7945

62324678.doc
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1. TIpoAyKT-aHANOT MSCA, COACPXRATLIMH COUETAHME CYXOr0 KOMIIOHEHTA, JKUAKOCTH,

HCTOYRAYKE OJAHOBAJICHTHOTO KATHOHHOI'O K apﬁoﬁafra Ui 6MKap6 ogayta u Kucjiioro

v

KOMITOHEHTA XHMHUECKOTO PasPhIXJIMTENs TECTa, IIC CYXOH KOMIOHEHT, MMCIOLIHH
cofepranue Heiika, COACPHKUT UCTOUHUK CYXOTro GeKd, COACPKALIErO Cepy; KUKOCTh
COAEPMUT BOJY; UCTOUHUK OJIHOBANEHTHOIO KATHOHHOrO KapOoHaTa nin Gukapbouara u
KHCITHIH KOMITOHEHT XUMUYECKOTO PAasPhIXIHTENs TeCTa NMPUCYTCTBYIOT B COOTHOMECHHH
oxono 1:2-1:4 no Macce; ¥ IPOAYKT-aHATOT MSICA CONCYKUT MHOXECTBO TIOKPBITBIX
GOPO3IKAMHE M OTHCISIEMbIX BHIPOBHECHHBIX BOMIOKOH B IIPOAYKTE.

2. [Tpogykr-anasnior msica 1o 1.1, ZOTIOIHUTSIBHO COASPKAIMI BOCCTAHABIBA FOILIMH

arcHrT.

3. Hpomykr-ananor msica o 1.1, e cyxoi xoMrnoHeHT coaepxut 0,4-4,8 mac.%
HCTOYHHKA OJHOBAJECHTHOIO KATHOHHOTO KapboHaTa wim BukapOboHaTa 110 OTHOWICHHIO K

o01e Macce CYXOT0O KOMIIOHEHTA.

4. MpoayKT-aHanor Msca 1o 1.1, rae ICTOUHMK CyXoro 0eka, COICPKALIEro cepy,
COACPKAT FIIIOTEH, COEBbIH OSMOK, TOPOXOBBIA OeOK, stuHbii Oe/I0K HIIH UX CMECh.

5. IIpoAyKT-aHanor Msica 1o M. 1, I/Ie CYyXOH KOMITOHEHT COLECPIKUT UCTOUHHK CYXOTO
MSICHOTO DeTKa, COACPIKALIETO CePY, WIH CYXON OelTOK, HiIH MCTOYHMK BOTOKOH,
[ONYYEHHBIA H3 UETBHOTO 3¢pHa, PPYKTOB, OBOICH MItH UX CMECEH.

Crp.o 1
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6. IIpoayxT-anajsor Maca 110 1i.1, TAe XUAKOCTH JOMOAHUTENBHO COIEPHUT HCTOYHUK
CBEXETO WM 3aMOPOKECHHOTO MSCa, HCTOUHUK [IepepaboTaHHOIO B MYKY MsACA HIH UX
CMECH.

7. [poayKT-aHanor Msca 1o .1, TJie MUIKOCTh, CYX0H KOMITOHEHT uiu 00a
IOTIOITHUTENBHO COJIEPKAT OJMH MK 0oJiee YBIaKHUTENb, HCTOUHHK KU, KPacHTeHb,
YCHIMTEJNIb BKYCA, BKYCOBOE BEIIECTBO, BUTAMUH, MUHEPATl, aHTHOKCHIAHT, BBRICYIICHHYIO
TJIa3My KPOBH, COITb, IEKCTPO3Y, COPOUT, KpaxMali, COeBbie OEeSIKY, KeIaTHH, HUTPATH,
dochaTsl MM HCTOUHUK BOTOKOH.

8. [Tpoxyxr-ananor msca 1o 1.1, rae oxosto 30-80 mac.% conepxkauns Oeka B CyXOM
KOMITOHEHTE COCTaBIAET UCTOUHUK CYyX0oro Oelika, CoAepKauiero cepy.

9. IpoaykTr-aHasor msAca 110 1.1, rae cyxol KOMIIOHEHT JONONHUTEHBHO COAEPXKUT CYXOH
WCTOYHHUK YTIICBOOB, I'/I€ CYXOH NCTOYHHWK YTACBOAOB BKIIFOYACT KYKYPY3HEIH KpaxMal,
KYKYPY3HYIO MYKY, TOPOXOBBIE BOJIOKHA, KPaxMan WIA HX CMECH.

10. Ipoayxr-anamor Msca 1o 11.1, TAe IPOIyKT-aHAJIOT MAca COASPKUT OKoIo 25-60
Mmac.% obero 6enka.

11. Tlpoayxr-aHaior Msica 110 1.1, rae npoaykr-aHanor msca umeer pH oxono 6,0-7,8.

12. IIpoayxr-ananor Maca fo .1, re npoayKT-aHaJIor MACa COACPIKUAT KUP B
kommuectse 0,2-20 mac.%.

13. IlpoaykT-anayor Maca 1o 1.1, rae TPoayKT-aHasIor Msca COAEPKUT OKOIO 25-65
Mac. % BITaru.

14. Crioco6 nony4eHus IpoIyKTa-aHajiora Msca, I/ie crrocod npenycMarpuBaer:

a) o0'beMHEeHNe UCTOYHHKA OJTHOBAIEHTHOrO KaTHOHHOTO Oukapbonara wiu kxapbouara,
BO/bI ¥ CYXOT'0 KOMIIOHEHTA, COACPIKALIETO UCTOUHUK OeIKa, COAEPpKALIETO cepy, B
VCHAOBUSIX CMEIIUBAHUS C HU3KHM CIIBHI'OM C ITOJIVUCHHUEM TeCTOOOPA3HON Macchl;

b) HarpeBanue TeCTOOOPa3HOM Macchl 10 TemriepaTypbt okono 100-150°C ¢ nonyyeremM
HArperoit TecToo0pa3sHoil Macchl;

) mo/iaya Harperol TecToodpa3Hol Macchl Ha BXOJAHOE OTBEPCTHE OXIaXKIATOIET0
YCTPOWCTBA;

d) mepeMerieHe HATPETON TECTOOOPAZHON MACCH YePEe3 OXJIAXKIAIOLICe YCTPOMCTBO 1011
nasjrenaeM 50-900 (byHTOB/ZIIOFIMZ K BBIXOJHOMY OTBEPCTHIO OXJIAXKAATOUIEr0 YCTPOKHCTBA ¢
MIOJIYYECHUEM IIPOAYKTa-aHaIora Msca, Fie NPOAYKT-aHalIor MsIca UMEET TeMIIEPaTypy
00paboTku 100°C uam MeHee Ha BBIXOJHOM OTBEPCTHM.

15. Croco® 1o 11.14, T1ie TecTooOpa3Has Macca AONOMHATEIIBRHO COIEPKUT
BOCCTaHABIMBATOILMI areHT.

16. Crioco0 o 114, T/1e NpOoAYyKT-aHAIOT MACA COACPKUT MHOKECTBO TTOKPBITHIX
00pO3OKaMK M OTACISIEMBIX BRIPOBHEHHBIX BOJIOKOH.

17. Cnocod 1o .14, riie Harperyo TecToo0pasnyo Maccy GOpMUpPYIOT U HArPEBAIOT B
yerpoticTBe 00paboTKU IO HaBJICHHEM C HATPEBOM.

18. Cnoco® 1o 11.17, rae yerpoiicTBOM A7t 00pabOTKH MO JAABICHUCM ¢ HATPEBOM
SIBAISICTCS] HOPIIHERBIH HACOC, IBYITHEKOBBIN 3KCTPYASP, OJHOIIHEKOBEIA 3KCTPYAEP,
IKCTPY3HOHHBIY U3MENBUMTEND WIN TEPEMEIIHBAIOIIHYA SKCTPYALD.

19. Criocod 1o 1. 18, rae yerpolicTBOM 115 00pabOTKH MO JABICHUEM C HATPEBOM
SIBJISIETCSA OTHOLTHEKOBBIM 3KCTPYAED; ¥ TeCTOOOPA3HYIO Maccy QOPMUPYIOT B YCTPOUCTBE
L1t 06paboTKH MO AABICHHEM C HAPPEBOM, MOJAABAS )KUIKOCTb U CYXOl KOMIIOHEHT B
YCTPOMCTBO [Tt 00pabOTKU 1101 JABJICHUCM C HATPCBOM.

20. Hpoayxr-ananor Maca, NOXyYeHHbIN criocoboM 1o m.14.

Crp.: 2
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Case No.: IPR2023-00206
U.S. Patent No. 11,224,241

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

X Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstanding
Office Action

X] 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
SUCCEeSSOrs 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.

(® Terminal disclaimer fee under 37 CFR 1.20(d) is included with Electronic Terminal Disclaimer request.

| 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.

O

Applicants claims the following fee status:

(O Small Entity
(O Micro Entity

(® Regular Undiscounted

| 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

| certify, in accordance with 37 CFR 1.4(d)(4) that | am:

® An attorney or agent registered to practice before the Patent and Trademark Office who is of record in
this application

Registration Number 76370

(O Asoleinventor

O A joint inventor; | certify that | am authorized to sign this submission on behalf of all of the inventors as evidenced by the
power of attorney in the application

(O Ajointinventor; 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.
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Electronic Patent Application Fee Transmittal

Application Number: 15913090

Filing Date: 06-Mar-2018

METHODS AND COMPOSITIONS FOR AFFECTING THE FLAVOR AND AROMA

Title of Invention: 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 Sul:,-s'l'g(tsa\)l in
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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Description Fee Code Quantity Amount SulLJ’-s'I'g(t;)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 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

X APPROVED

This patent is subject to a terminal disclaimer

1 DISAPPROVED

Approved/Disapproved by: Electronic Terminal Disclaimer automatically approved by EFS-Web

U.S. Patent and Trademark Office

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

EFS ID: 41109833

Application Number: 15913090

International Application Number:

Confirmation Number: 9878

METHODS AND COMPOSITIONS FOR AFFECTING THE FLAVOR AND AROMA

Title of Invention: 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 ... . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

38133

1 Terminal Disclaimer-Filed (Electronic) eTerminal-Disclaimer.pdf no 3

6a14d9ffb5bbdb890676d0063585d72621
e7423

Warnings:

Information:

30595

2 Fee Worksheet (SB06) fee-info.pdf no 2

297d6b0577€033¢31081¢7c98b1c203305d|
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 Applications 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 Application 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 Application 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 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) 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.

Motif Exhibit 1150, Page 1228 of 1599



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

PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

Application or Docket Number Filing Date
PATENT APPLICg;}l’;gmggigg'ﬁg&l{!\mﬂoN RECORD 16/013,000 03/00/5018 370 be Maled

ENTITY: LaRGe ([ swaLL [ micro

APPLICATION AS FILED - PART |

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
(] Basic FEE N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
(L) SEARCH FEE
(37 CFR 1.16(K), (i), or (m)) N/A N/A N/A
[ EXAMINATION FEE
(37 CFR 1.16(0), (p), or () NiA NiA N/A
TOTAL CLAIMS . *
(37 GFR 1.16())) minus 20 = x 100 -
INDEPENDENT CLAIMS . *
(37 GFR 1.16(h) minus 3 = x $460 -
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
Déi':'f?gg;\; SIZE FEE (37 for small entity) for each additional 50 sheets or
) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
[J MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
= 11/12/2020 2E¥EAF'{N'NG ’F\’lgg\ﬁgﬁsw PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
Total B ' *x _ _
E (SSCE::RMGU)) 23 Minus 23 =0 x $100 = 0
Z | Independent « ' . —
UEJ (370& 1.16(h)) 1 Minus 3 =0 x $480 - 0
< | U Application Size Fee (37 CFR 1.16(s))
(J FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16(j))
TOTAL ADD'L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
w [ Total . I e - -
= (sgcaFR 1.16(i)) Minus ~ X $ 0 -
B [ Independent . ; xx -
E (370& 1.16()) Minus N x $0 =
E (] Application Size Fee (37 CFR 1.16(s))
] FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16()))
TOTAL ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. SLIE
** If the "Highest Number Previously Paid For” IN THIS SPAGE 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 USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO 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

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWww.uspto.gov

| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |

15/913,090 03/06/2018 Rachel Fraser 38767-0015008 9878
26191 7590 02/08/2021 | X ANINER |
FISH & RICHARDSON P.C. (TC)
PO BOX 1022 GWARTNEY, ELIZABETH A
MINNEAPOLIS, MN 55440-1022

| ART UNIT | PAPER NUMBER |

179
| 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):

PATDOCTC@fr.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
15/913,090 Fraser et al.

Office Action Summary Examiner ArtUnit | AIA (FITF) Status
ELIZABETH A GWARTNEY 1796 No

-- The MAILING DATE 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.
0J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)lv) This action is FINAL. 2b) J This action is non-final.
3)O 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)(O 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 £x parte Quayte, 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) (0 Claim(s) ___is/are allowed.
7) Claim(s) 31-53 is/are rejected.
8) (O Claim(s) _____is/are objected to.
9) (0 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)(0 The specification is objected to by the Examiner.
11)(J The drawing(s) filedon _____is/are: a)(] accepted or b)[] 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)d Al b) Some**  ¢)(3 None of the:
1.J 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) [7] Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
Paper No(s)/Mail Date
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 0 Oﬂ?er' (s)
Paper No(s)/Mail Date —
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20210202
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Application/Control Number: 15/913,090 Page 2
Art Unit: 1796

DETAILED ACTION
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-
AlIA 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-
ATA 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, Hsich 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 1); 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. gnanosine monophosphate — GMP) and inosinic acid salts (e.g.
inosine monophosphate- IMP) ([0090]) and lipids such as corn 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

11. Applicant's amendment necessitated the new ground(s) of rejection 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 1.136(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.
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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 A. GWARTNEY
Primary Examiner
Art Unit 1796

/ELIZABETH GWARTNEY/

Primary Examiner, Art Unit 1796
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This reply is in response to the Office Action dated February 8, 2021, with a three-month
shortened statutory period set to expire May 8, 2021.
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AMENDMENTS TO THE CLAIMS

Listing of Claims

1-30. (Cancelled)

31. (Currently Amended) A meat-like-food product produced by a method comprising:
providing one or more plant proteins; and
combining, with the one or more plant proteins:
a composition comprising a heme-containing protein, wheretnthe-herme-

ee-of antmal-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;
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 eempses comprise a textured vegetable protein.

33. (Currently Amended) The meat-like-food product of claim [[31]] 32, wherein the

texture 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

adding 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

adding 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

adding combining with the one more plant proteins, 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. (Currently Amended) The meat-like-food product of claim 31, further comprising
adding 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 150°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 (1-ethyl-1-propenyl)-benzene, (E)-2-decenal, (E)-2-heptenal, (E)-2-
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hexenal, (E)-2-nonenal, (E)-2-octen-1-ol, (E)-2-octenal, (E)-2-tridecen-1-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-1-ol, acetate, [(methylsulfonyl)methyl]-benzene, 1-(ethylthio)-2-(methylthio)-buta-1,3-
diene, 1-(methylthio)-propane, 1,1'-(1,2-cyclobutanediyl)bis-cis-benzene, 1,10-undecadiene,
1,3,5-cycloheptatriene, 1,3-bis(1,1-dimethylethyl)-benzene, 1,3-diisopropoxy-1,3-dimethyl-1,3-
disilacyclobutane, 1,3-dimethyl-benzene, 1-decen-3-one, 1-heptanol, 1-heptyl-1,2,3 4-tetrahydro-
4-methyl-naphthalene, 1-hexanol, 1-hydroxy-2-propanone, 1-nonanol, 1-octanol, 1-octen-3-ol, 1-
octen-3-one, 1-octene, 1-pentanol, 1-penten-3-one, 1-undecanol, 2,2.4,6,6-pentamethyl-heptane,
2,3,4-trimethyl-pentane, 2,3-butanedione, 2,3-dihydro-5-methyl-furan, 2,3-dimethyl-pyrazine,
2,4-decadienal, 2,4-dimethyl-1-heptene, 2,5-dimethyl-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-1(H)-pyrrole, 2-methyl-1-heptene, 2-methyl-1-penten-1-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-tridecen-1-ol, 2-undecanone, 2-undecenal, 3-
(methylthio)-propanenitrile, 3-(phenylmethyl)-2,5-piperazinedione, 3,3’-dithiobis-2-methyl-
furan, 3,5-bis(1,1-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(1,1-
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, 5S-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, p-Eresel; 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 (1-ethyl-1-propenyl)-benzene, (E)-2-decenal, (E)-2-heptenal, (E)-2-
hexenal, (E)-2-nonenal, (E)-2-octen-1-ol, (E)-2-octenal, (E)-2-tridecen-1-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-1-ol, acetate, [(methylsulfonyl)methyl]-benzene, 1-(ethylthio)-2-(methylthio)-buta-1,3-
diene, 1-(methylthio)-propane, 1,1'-(1,2-cyclobutanediyl)bis-cis-benzene, 1,10-undecadiene,
1,3,5-cycloheptatriene, 1,3-bis(1,1-dimethylethyl)-benzene, 1,3-diisopropoxy-1,3-dimethyl-1,3-
disilacyclobutane, 1,3-dimethyl-benzene, 1-decen-3-one, 1-heptanol, 1-heptyl-1,2,3 4-tetrahydro-
4-methyl-naphthalene, 1-hexanol, 1-hydroxy-2-propanone, 1-nonanol, 1-octanol, 1-octen-3-ol, 1-
octen-3-one, 1-octene, 1-pentanol, 1-penten-3-one, 1-undecanol, 2,2.4,6,6-pentamethyl-heptane,
2,3,4-trimethyl-pentane, 2,3-butanedione, 2,3-dihydro-5-methyl-furan, 2,3-dimethyl-pyrazine,
2,4-decadienal, 2,4-dimethyl-1-heptene, 2,5-dimethyl-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-1(H)-pyrrole, 2-methyl-1-heptene, 2-methyl-1-penten-1-one, 2-methyl-3-
(methylthio) 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(1,1-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(1,1-
dimethylethyl)-phenol, 4-ethoxy-benzoic acid, ethyl ester, 4-ethyl-2-methyl-pyrrole, 4-ethyl-
benzaldehyde, 4-methyl-2-heptanone, 4-methyl-5-thiazoleethanol, 4-methylthiazole, 4-
nitrophenyl 2-thiophenecarboxylic acid ester, 4-penten-2-one, 4-quinolinecarboxaldehyde, 5-(2-
chloroethyl)-4-methylthiazole, 5-ethenyl-4-methyl-thiazole, 5-ethyldihydro-2(3H)-furanone, 5-
formyl-4-methylthiazole, 5-methyl-1-undecene, 6-methyl-2-heptanone, 7-methyl-(E)-5-
undecene, 9-octadecenal, acetaldehyde, acetic acid, acetone, acetonitrile, acetophenone, acetyl
valeryl, aminophenylacetylene, benzaldehyde, benzene, benzoic acid, benzyl alcohol, bis(2-
methyl-4,5-dihydro-3-furyl) disulfide, butanal, butanone, butyrolactone, carbon disulfide,
decanal, dihydro-3-(2H)-thiophenone, dihydro-5-pentyl-2(3H)-furanone, dimethyl selenone,
dimethyl sulfide, dimethyl trisulfide, dodecanal, ethanol, ethyl acetate, formic acid, heptyl ester,
furan, furfural, heptanal, hexanoic acid, isopropyl alcohol, isothiazole, isothiocyanato-methane,
m-aminophenylacetylene, methacrolein, methanethiol, methional, methyl (methylthio)methyl
disulfide, methyl isopropyl disulphide, methyl thiolacetate, methyl vinyl ketone, methyl-
pyrazine, methyl-thiirane, nonanal, octanal, octane, oxalic acid, diallyl ester, oxalic acid, isobutyl
pentyl ester, p-Eresel; 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 (1-ethyl-1-propenyl)-benzene, (E)-2-decenal, (E)-2-heptenal, (E)-2-
hexenal, (E)-2-nonenal, (E)-2-octen-1-ol, (E)-2-octenal, (E)-2-tridecen-1-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-1-ol, acetate, [(methylsulfonyl)methyl]-benzene, 1-(ethylthio)-2-(methylthio)-buta-1,3-
diene, 1-(methylthio)-propane, 1,1'-(1,2-cyclobutanediyl)bis-cis-benzene, 1,10-undecadiene,
1,3,5-cycloheptatriene, 1,3-bis(1,1-dimethylethyl)-benzene, 1,3-diisopropoxy-1,3-dimethyl-1,3-
disilacyclobutane, 1,3-dimethyl-benzene, 1-decen-3-one, 1-heptanol, 1-heptyl-1,2,3 4-tetrahydro-
4-methyl-naphthalene, 1-hexanol, 1-hydroxy-2-propanone, 1-nonanol, 1-octanol, 1-octen-3-ol, 1-
octen-3-one, 1-octene, 1-pentanol, 1-penten-3-one, 1-undecanol, 2,2.4,6,6-pentamethyl-heptane,
2,3,4-trimethyl-pentane, 2,3-butanedione, 2,3-dihydro-5-methyl-furan, 2,3-dimethyl-pyrazine,
2,4-decadienal, 2,4-dimethyl-1-heptene, 2,5-dimethyl-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-1(H)-pyrrole, 2-methyl-1-heptene, 2-methyl-1-penten-1-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-methyI-
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(1,1-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(1,1-
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, p-Eresel; 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, p-Eresel; 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.

Rejections under 35 U.S.C § 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., beef), 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 150°C for about 3 to 5 minutes, results in
the production of the claimed meat associated aroma compounds.” Office Action, p. 4. Asto
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.
Respectfully submitted,
Date: April 8, 2021 [Heather L. Flanagan/
Heather L. Flanagan
Reg. No. 54,101
Customer Number 26191

Fish & Richardson P.C.
Telephone: +1 (612) 638-5707
Facsimile: (877) 769-7945

100352441.doc
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CERTIFICATION AND REQUEST FOR CONSIDERATION UNDER THE
AFTER FINAL CONSIDERATION PILOT PROGRAM 2.0

Practitioner Docket No.: Application No.: Filing Date:

38767-0015008 15/913,090 March 6, 2018

First Named Inventor: Title:

Rachel Fraser METHODS AND COMPOSITIONS FOR AFFECTING THE FLAVOR
AND AROMA PROFILE OF CONSUMABLES

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS CONSIDERATION UNDER THE AFTER FINAL CONSIDERATION PILOT
PROGRAM 2.0 (AFCP 2.0) OF THE ACCOMPANYING RESPONSE UNDER 37 CFR 1.116.
1. The above-identified application is (i) an original utility, plant, or design nonprovisional application filed under
35 U.S.C. 111(a) [a continuing application (e.g., a continuation or divisional application) is filed under 35 U.S.C. 111(a) and is
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

1.1186, 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. 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 Ifthe 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.

Signature Date

/Heather L. Flanagan/ April 8, 2021

Name Practitioner
(Print/Typed)  Heather L. Flanagan 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*.

] * 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 (6 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. Arecord 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

EFS ID: 42407197
Application Number: 15913090
International Application Number:
Confirmation Number: 9878

Title of Invention:

PROFILE OF CONSUMABLES

METHODS AND COMPOSITIONS FOR AFFECTING THE FLAVOR AND AROMA

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 no
File Listing:
Document s . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
128445
1 38767-0015008response.pdf yes 13
7b6d9178b9b8ded40845fc00124a657aald|
afdfa
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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 1 13
Warnings:
Information:
124632
) After Final Co;mderattlon Program 38767-0015008afcp.pdf no 3
eques 0955914c36196bafac9cf4387db42ab351d
dife
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 Applications 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 Application 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 Application 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 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) 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 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

| EXAMINER |
26191 7590 04/27/2021
FISH & RICHARDSON P.C. (TC) GWARTNEY, ELIZABETH A
PO BOX 1022
MINNEAPOLIS, MN 55440-1022 | ART UNIT PAPERNUMBER |
1796
DATE MAILED: 04/27/2021
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
15/913,090 03/06/2018 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 PUBLICATION FEE DUE | PREV. 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
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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 By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

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.
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.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

26191 7590 04/27/2021 Certificate of Mailing or Transmission
FISH & RICHARDSON P.C. (TC) 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
PO BOX 1022 addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
MINNEAPOLIS, MN 55440-1022 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.

(Typed or printed name)

(Signature)

(Date)

| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

15/913.,090 03/06/2018 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 | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 07/27/2021
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
GWARTNEY, ELIZABETH A 1796 426-533000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys

or agents OR, alternatively, 1
(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to 2

O W g " e 2 registered patent attorneys or agents. If no name is
Fee Address" indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.

SB/47; Rev 03-09 or more recent) attached. Use of a Customer 3
Number is required.

. 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 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

M| Change of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

(98]

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual [ Corporation or other private group entity [ Government

4a. Fees submitted: (Jissue Fee (IPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

[ Electronic Payment via EFS-Web (1 Enclosed check [J Non-electronic payment by credit card (Attach form PTO-2038)

(] 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)

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.

M| Applicant certifying micro entity status. See 37 CFR 1.29
M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

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 Date

Typed or printed name Registration No.

Page 2 of 3
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Case No.: IPR2023-00206
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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

| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
15/913,090 03/06/2018 Rachel Fraser 38767-0015008 9878
| EXAMINER |
26191 7590 04/27/2021
FISH & RICHARDSON P.C. (TC) GWARTNEY, ELIZABETH A
PO BOX 1022
MINNEAPOLIS, MN 55440-1022 | ART UNIT PAPERNUMBER |

1796

DATE 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 1(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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OMB 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 OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB 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 OMB 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 OMB 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. Arecord 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, Sﬁtfate or local law
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Application No. Applicant(s)
B . 15/913,090 Fraser et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
ELIZABETH A GWARTNEY 1796 No

-- The MAILING DATE 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.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J 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. Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a) JAll b) (JSome  *c) [J None of the:

1. [J Certified copies of the priority documents have been received.
2. [ Cettified copies of the priority documents have been received in Application No.

3. [ 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.] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(O 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.(J 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)

2.7 Information Disclosure Statements (PTO/SB/08),

Paper No./Mail Date .

3.0J 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. .

5. (J Examiner's Amendment/Comment
6. Examiner's Statement of Reasons for Allowance

/ELIZABETH GWARTNEY/
Primary Examiner, Art Unit 1796

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20210421
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Notice of Allowability
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.* 20006, 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 A. GWARTNEY
Primary Examiner
Art Unit 1796

/ELIZABETH GWARTNEY/

Primary Examiner, Art Unit 1796
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Decision
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This is in response to the Afier Final Consideration Pilot request filed 08 April 2021.

1. Improper Request — The AFCP 2.0 request is improper for the following reason(s) and the after final amendment submitted with
the request will be treated under pre-pilot procedure.

(J An AFCP 2.0 request form PTO/SB/434 (or equivalent document) was not submitted.
Oa non-broadening amendment to at least one independent claim was not submitted.

[J The request is not the first proper AFCP 2.0 request submitted in response to the most recent final
rejection.

UJ other:
2. Proper Request

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.

O The afier final amendment will be treated under 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:

1. All of the rejections in the most recent final Office action are overcome and a Notice of Allowance is
issued herewith.

[J 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.

[J 3. The after final amendment was reviewed, and it raises a new issue(s). See attached interview summary
for further details.

[ 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.

5. Other:

Examiner Note: Please attach an interview summary when necessary as described above.

U.S.Patent and Trademark Cffice
PTOL-2323 (Rev. 10-14) 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 ez 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.

[0008] 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 HO1. 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 of ferrochelatase (FeCh), the knockdown of gun4 (MgCh activator),
a gund4(W192A) 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 vet 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.
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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. Ina
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 (pAB1_6.8::PsmtA-legH Gm(AB1lopt)-TpsaB) (SEQ ID NO: 18).

[0016] FIG. 3 depicts a map of the 10412 BP circular plasmid construct and sequence annotation
of plasmid #2885 (pAB1_6.8::PsmtA-legH As(ABlopt)-TpsaB) (SEQ ID NO: 19).

[0017] FIG. 4 depicts a map of the 10406 BP circular plasmid construct and sequence annotation
of plasmid # #2886 (pAB1_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).

[0019] FIG. 6 depicts a map of the 10340 BP circular plasmid construct and sequence annotation
of plasmid #2888 (pAB1_6.8::PsmtA-gIlbN Ap8005(AB1lopt)-TpsaB) (SEQ ID NO: 22).

[0020] FIG. 7 depicts a map of the 10456 BP circular plasmid construct and sequence annotation
of plasmid #2889 (pAB1 6.8::PsmtA-legH Gm(ABlopt)-TpsaB-PnirA'-anti HO1 v1) (SEQ ID
NO: 23).

[0021] FIG. 8 depicts a map of the 10393 BP circular plasmid construct and sequence annotation
of plasmid #2890 (pAB1 6.8::PsmtA-gIbN S6803(ABlopt)-TpsaB-PnirA'-anti HO1 v1) (SEQ
ID NO: 24).

[0022] FIG. 9 depicts a map of the 10634 BP circular plasmid construct and sequence annotation
of plasmid #2942 (pABICyanol 6.8::PcpcB-gIlbN S6803(ABICyanolopt)-TpsaB-Porf0316'-
anti HO1 v1) (SEQ ID NO: 56).

(98]
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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-
PcpceB-glbN_S6803(ABICyanolopt)-TpsaB-PorfO316'-anti HO1 v1) (SEQ ID NO: 58).

[0025] FIG. 12 depicts a map of the 7033 BP circular plasmid construct and sequence annotation
of plasmid #2949 (nblA2::PcpcB1918-glbN_Ap8005-TpsaB-Prbcl.2293-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::PcpcB1918-glbN Ap8005-PcpcB1918 glbN Ap8005-TpsaB-
PrbcL.2293-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 (HO1) using an inducible SRNA for gene knock-down.

[0028] FIG. 15 is a stained protein gel showing the expression of the cyanoglobin (GIbN) protein
from Synechocystis strain PCC 6803 in Cyanobacterium sp. ABICyanol. Expression of the
cyanoglobin (black arrow) was induced with 20 pM 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 (GIbN) protein from Synechocystis strain PCC 6803 in Cyanobacterium sp.
ABICyanol in the presence and absence of the anti-HO1 sRNA. Expression of the cyanoglobin
was induced with 20 uM 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. 17 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.1_orf29000 via sSRNA. 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 (GIbN)
protein (black arrows) from Synechocystis strain PCC 6803 in Cyanobacterium sp. ABICyanol
in the presence and absence of the anti-HO1 sRNA, induced with 10 uM 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 Cyanobacterium sp.
ABICyanol and a Phycocyanin-deficient strain AB0492 (AcpcA).

[0033] FIG. 20 is a photograph of a stained protein gel showing the constitutive expression of
the cyanoglobin (GIbN) protein from Synechocystis strain PCC 6803 in the Cyanobacterium sp.
ABICyanol and in a phycocyanin-deficient derivative AB0492 (AcpcA). The strains were grown
in the absence and presence of 10 uM copper-EDTA to induce the knockdown of the heme
oxygenase via anti-HO1 sSRNA. 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 (GIbN) protein from Arthrospira platensis PCC 8005 in Cyanobacterium sp.
ABICyanol. Protein extracts were separated on a 16% native PAGE and stained with Coomassie
Brilliant Blue.

[0035] FIG. 22 A and FIG. 22B are photographs of a protein gel showing the expression of the
cyanoglobin (GIbN) protein from Arthrospira platensis PCC 8005 in Arthrospira platensis
PCC9108 (AB4041, AB4065) and the derivative strain Arthrospira platensis AB1298 (AB4066).
AB4041 has a single copy of the PcpcB-glbN_Ap8005, whereas AB4065 and AB4066 comprise
two PcpeB-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. 23 A is a photograph of a purification column showing the purification of the
cyanoglobin (GIbN) 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 (E1 to E14) which were

collected for further analysis. The reddish heme coloration can be seen in the samples.

Motif Exhibit 1150, Page 1286 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 (GIbN) 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
Cyanobacterium sp. ABICyanol expressing the cyanoglobin (GIbN) protein from Synechocystis
strain PCC 6803. AB4005 exhibits 2 PcpcB-glbN copies in tandem and an inducible sSRNA to
knockdown expression of the heme oxygenase ABICyanol.1 orf29000. AB4005 was grown in
the absence and presence of 10 uM copper-EDTA to induce the anti-HO1 sRNA. The ferric form
of GIbN 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.

|0041] 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 Of Microalgal 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%.

|0045] 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 introns. 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
U.S.A. 87:2,264 t0 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 of replication, 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 36:361-388; 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
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such as those resulting from amplification by the polymerase chain reaction (PCR) or from
treatment of a circular plasmid with a restriction enzyme.

[0063] Certain vectors are capable of autonomous replication in a host cell into which they are
introduced (e.g., vectors having an origin of replication 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 Microbiol 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.

[0089] 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 (Fe*") 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 “HO1” 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 COz, 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.
20110286992A1 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. WO1998012913A1 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 £. 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
“AB1”). 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, CO> 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 COz, 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.

[00108] 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 Leghemoglobin from Astragalus sinicus GenBank No. ABB13622.1. 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.

[00111] Yet another exemplary heme-containing protein that can be expressed in
cyanobacteria is Leghemoglobin from Cajanus cajon 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. BAA17991.1). 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
ID NO: 12.

[00114] 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.

[00125] 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 ABICyanol. 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 ABICyanol 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-Vallvé 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
number of 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 ABICyanol endonuclease restriction sites (4val,
BsaHl, 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, €7002; 2009; and Welch et al., Journal of the Royal Society; Interface 6 (Suppl
4), S467-5476; 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 kanamyecin 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 | 0203 | 20724 18356
......... T e R S T
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""""" Ala | GCG | 014 | 9eg70 8742
T LT S TP s
B TN Ry s S T
Arg  AGG = 0.09 4158 3.683
O T T s
“Arg . CGC | 0131 6043 5353
Arg . CGG | 0039 1813 1.606
""""" Arg  CGT | 0288 = 13320 = 11806
CAsn . AAC 022 14609 12,94
Asn | AAT | 078 51712 45.804
""""" Asp | GAC | 0193 | 11063 = 9799
........ T T R T T T
Cys TGC | 0218 2501 2215
Cys TGT | 0.782 8976 7.95
......... T et
g s T
Glu GAA | 0787 | 60690 53756
......... e s
T N I ETHE R S ST
Gly GGC = 0.125 8720 7.724
......... e T B
“Gly = GGT | 0401 28065 24.859
His CAC = 0251 4859 4304
His CAT | 0.749 14516 12.858
S Ty T T e
lle ATC 0.19 17872 15.83
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""""" le | ATT | o06l6 | 5794 | 51342
T s e oS S R
T T R T R
Leu CTG | 0.033 4040 3.578
b s
Lew | TTA | 0571 69559 61.612
Leu TTG | 0133 16235 14.38
""""" Lys . AAA 0836 = 5939 = 5261
Lys |« AAG | 0164 | 11694 10.358
Met | ATG 1 20093 17.797
""""" Phe | TTC = 0172 @ 8420 = 7458
s Lo s e e — s
Pro CCA | 0.169 7746 6.861
Pro CCC | 0275 12613 11.172
......... D
e s T
""""" Ser | AGC | 0088 | 6435 57
g s e
e T L L e
Ser TCC | 0.102 7465 6.612
s e B e
Ser . TCT = 0321 | 23473 20.791
Thr ACA = 026 15649 13.861
Thr ACC | 0236 14251 12.623
e T R g
Thr ACT 0.42 25340 22.445
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""""" Trp | TGG | 1 | 1494 13254
T o T R g
Tyr TAT | 0813 = 31912 28.266

““““ Val  GTA | 028 | 18541 = 16423
s oL S S S s
Val GTG 0.184 12184 10.792
Val GTT | 0419 27713 24.547

""""" End | TAA | 063 | 2405 = 223
End TAG | 022 848 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, U.S. 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.

[00133] Suitable constitutive promoters include, without limitation, the PrpsL. promoter
(Gene ID: ABICyanol_orf1758), PpsaA promoter (ABICyanol_orf3243), PpsbB

(ABICyanol _orf2107), PcpcB promoter (ABICyanol orf2472), PatpG (ABICyanol orf1814),
PrbcL promoter (ABICyanol orf1369), 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_orf1924,
ABICyano_orf1997, ABICyano_orf3446, ABICyano orf0865, ABICyano_orf1919,
ABICyano_orf3278, ABICyano_orf1181, ABICyano_orf1627, 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.

[00135] 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 Ppet] promoter, PpetE promoter, the Porf0316 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, Ppet], PggpS, PpsbA2, PsigB, PlrtA, PhtpG,
PnirA, PnarB, PnrtA, PhspA, PclpB1, PhliB, PcrhC, PziaA, PsmtA, PcorT, PnrsB, PnrsB916,
PaztA, PbmtA, Pbxal, PzntA, PczrB, PnmtA, PpstS, and the like.

[00140] 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 Cyanobacterium sp. with the
ATCC accession number PTA-13311 (“ABICyano1”) as listed in Table 2 below, and variants
thereof.

Table 2: Cyanobacterium sp. ABICyanol endogenous promoter sequences

Promoter SEQ ID NO:
PnirA 25
Porf3126 (PsmtA) 26
PnrtA 27
Porf3461 (Ppet)) 28
PnarB 29
Porf1071 (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 (Prbe) 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 ABICyanolwas developed. The modified endogenous vector from ABICyanol can be used
to transform cyanobacteria from a broad range of genera, including ABICyanol 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 ABICyanol.
[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 ABICyanol. 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 3779 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 ABICyanol.

[00156] 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 of replication 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
1D
Plasmid NO: | FIG

Strain No. Genotype Construct Details H#
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(AB1lopt)- expression 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(ABlopt)- expression of codon-

TpsaB optimized
leghemoglobin  from
Astragalus sinicis

AB1306 #2886 pAB1 6.8::PsmtA- Zinc inducible | 20 4
legH Cc(ABlopt)- expression of codon-
TpsaB optimized

leghemoglobin  from
Cajanus cajan

AB1307 #2887 pAB1 6.8::PsmtA- Zinc inducible | 21 5
glbN S6803(ABlopt)- | 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

ABI1309 #2889 pAB1 6.8::PsmtA- Zinc inducible | 23 7
legH Gm(AB1lopt)- expression of codon-
TpsaB-PnirA'- optimized
anti HO1 vl leghemoglobin C2 from

Glycine max and nitrate
inducible sRNA
knockdown of heme
oxygenase

ABI1.1 orf29000

AB1310 #2890 pAB1 6.8::PsmtA- Zinc inducible | 24 8
glbN S6803(ABlopt)- | expression of codon-
TpsaB-PnirA'- optimized cyanoglobin
anti HO1 vl from Synechocystis sp.

PCC6803 and nitrate
inducible sRNA
knockdown of heme
oxygenase

AB1.1 orf29000

AB0492 NA AcpcA PC less strain (control) | -- --

(UD3)

AB1336 #2942 pABICyanol 6.8::Pcpc | Constitutive expression | 56 9
B- of codon-optimized
glbN_S6803(ABICyan | cyanoglobin from
olopt)-TpsaB- Synechocystis sp.

PCC6803 and copper
inducible sRNA
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Porf0316'- knockdown of heme
anti HO1 vl oxygenase
ABICyanol.1 orf2900
0
AB1364 #2994 pAB1 6.8::PcpcB- Constitutive expression | 57 10
glbN_Ap8005(ABlopt) | 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 HO1 vl knockdown of heme
oxygenase
ABICyanol.1_orf2900
0
AB4011 #2942 AcpcA Constitutive expression | -- --
pABICyanol 6.8::Pcpc | of  codon-optimized
B- cyanoglobin from
glbN_S6803(ABICyan Synechocystis sp.
olopt)-TpsaB- _PCC6_803 and copper
Porf0316'- inducible sRNA
anti_HO1_v1 (in PC- légggégszé“ of heme
deficient background) ABICyanol.1_orf2900
0 (in a PC-deficient
background)
AB4012 #3022 AcpcA Constitutive expression | -- --
pABICyanol _6.8::Pcpc | of codon-optimized
B- cyanoglobin from
glbN_S6803(ABICyan | Synechocystis sSp.
olopt)-TpsaB-PcpcB- | PCC6803 (2 copies in
glbN S6803(ABICyan |tandem) and copper
olopt)-TpsaB- inducible sRNA
Porf0316'- knockdown of heme
anti HO1 vl (in PC- | oxygenase
deficient background) | ABICyanol.1 orf2900
0 (in a PC-deficient
background)
AB4041 #2949 nblA2::PcpcB1918- Constitutive expression | 59 12
glbN_Ap8005-TpsaB- | of glbN from
Arthrospira _sp. PCC
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PrbcL.2293-ble- 8005 in Arthrospira
TB1002 platensis PCC9108
AB4065 #3057 nblA2::PcpcB1918- Constitutive expression | 60 13
glbN_Ap8005- of glbN (2 copies in
PcpcB1918 glbN Ap8 | tandem) from
005-TpsaB-PrbclL2293- | Arthrospira sp. PCC
ble-TB1002 8005 in Arthrospira
platensis PCC9108
AB4066 #3057 nblA2::PcpcB1918- Constitutive expression | -- -
glbN_Ap8005- of glbN (2 copies in
PcpcB1918 glbN _Ap8 | tandem) from
005-TpsaB-PrbcL2293- | Arthrospira sp. PCC
ble-TB1002 8005 in a derivative
strain of Arthrospira
platensis PCC9108
[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 Acyl, can be used to
protect recombinant vector extrachromosomal plasmids. The plasmids can either be incubated
with the methyltransferases in vifro or a helper plasmid can be present in a helper E. coli strain in
order to methylate the extrachromosomal plasmids 7# vivo before conjugation takes place during
the transformation of ABICyanol. 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. Aval coding for the methyltransferase protecting against the
restriction endonuclease 4val and the respective gene coding for M. Avall. The latter is not

required for transformation of ABICyanol, as it lacks any endonuclease activity of Avall.
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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 | 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 £. 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 £. coli and cyanobacterial species. The plasmid comprises a promoter
capable of functioning in cyanobacteria and £. coli and a DNA sequence encoding a sequence
capable of functioning as a selective marker for both £. 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 Z. 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
Enterobacteriaceae, in particular £. coli, and which also enables conjugation with, for example,
an /. coli donor strain and Cyanobacterium sp., in particular ABICyanol 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 ABICyanol.

[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 (AbY), 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, Ab® 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
RSF1010. The RSF1010-based vector has been widely used as a conjugation vector for
transforming bacteria, including cyanobacteria (Mermet-Bouvier et al. (1993) “Transfer and
Replication of RSF1010-derived Plasmids in Several Cyanobacteria of the Genera Synechocystis
and Synechococcus” Current Microbiology 27:323-327). RSF1010 has an E. coli origin of
replication, but does not have a cyanobacterial origin of replication.

[00174] 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 pDU1-based vectors. The pDU1 origin of replication is best suited for
filamentous cyanobacteria. Attempts to transform ABICyano1, with either RSF1010 or pDU1-
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, Acaryochloris, 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, Tolypothrix, 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 Microbiol. Lett. 164:
353-361; Frigaard, et al. (2004) Methods Mol. Biol. 274: 325-40; Zang, et al. (2007) J.
Microbiol. 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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5,0661,017), silicon carbide whisker transformation (Dunahay, et al. (1997) Methods Mol. Biol.
(1997) 62: 503-9), biolistics (Dawson, et al. (1997) Curr. Microbiol. 35: 356-62; Hallmann, et al.
(1997) Proc. Natl. Acad. USA 94: 7469-7474; Jakobiak, et al. (2004) Protist 155:381-93; Tan, et
al. (2005) J. Microbiol. 43: 361-365; Steinbrenner, et al. (2006) Appl Environ. Microbiol. 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. Microbiol. Methods 66: 174-6; Sun, et al.
(2006) Gene 377: 140-149; Wang, et al. (2007) Appl. Microbiol. Biotechnol. 76: 651-657;
Chaurasia, et al. (2008) J. Microbiol. Methods 73: 133-141; Ludwig, et al. (2008) Appl.
Microbiol. 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. Bacteriol. 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
ABICyanol, 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-ornithine 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. Transformants
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 1ug of isolated DNA from
transformants containing the transformed plasmids is re-transformed into £. coli and usually
results in approximately 10-20 transformants per transformation implemented. Plasmid DNA of
ten . 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 sSRNA 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 of ferrochelatase (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 Inproves 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 antisense

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, BG11 medium is
used, see Stanier, R.Y, et al., Bacteriol. Rev. 1971, 35: 171-205, which is hereby incorporated
by reference.

[00191] In an embodiment, the cyanobacterial strain is a fresh water strain, and BG11 is
used. In another embodiment, the cyanobacteria culture grows best in a marine (salt water)
medium, by adding an amount of salt to the BG11 medium. In an embodiment, marine BG11
(mBGT11) 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 COz. 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 10 hours off, or 12 hours on and 2 hours off, or any alternative variation of on and off

hours of light comprising about a day.

[00194] The cultures can be axenic, or the cultures can also contain other contaminating
species.
[00195] In an embodiment, the cyanobacteria are grown in enclosed bioreactors in

quantities of at least about 1 L, 20L, 50L, 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 BG11 medium for growing cyanobacteria can be

used. When salt water species are grown, NaCl is added to the culture medium.

Table 4: Culture Medium

BG11 Medium
Compound Amount
NaNO3 15g
K2HPO4 0.04 ¢
MgSO4-7TH20 0075¢g
CaCl>-2H,0 0036¢g
Citric acid 0.006 g
Ferric ammonium citrate 0.006 g
EDTA (disodium salt) 0.001g
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NaCOs 0.02g
Trace metal mix AS 1.0 ml
Distilled water 10L
Composition of Trace Metal Mix
Compound Amount
H;BO;s 2.86 ¢
MnClz-4H20 181¢g
ZnS04+ TH20 0222¢g
NaMoOs-2H>O 039¢
CuS04-5H20 0.079¢g
Co(NOs)2-6H20 49 4 mg
Distilled water 1.0L
100198| 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.

EXAMPLES

Example 1

General Methods

[00199] Restriction endonucleases were purchased from New England Biolabs (NEB;
Ipswich, MA), unless otherwise noted. PCR was performed using an Eppendorf Mastercycler
thermocycler (Hauppauge, NY), using Phire 11 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 £. 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.

[00200] E. coli strains HB101 (Promega, Madison, WI), XL.10-Gold (Stratagene, San
Diego, CA), and a-select (Bioline) were grown in Luria-Bertani (LB) medium at 37 °C.
Ampicillin (50 pg/mL), kanamycin (50 ug/mL), and chloramphenicol (34 ug/mL) were used
when appropriate. Cultures were continuously shaken overnight at 200 rpm and at 100 rpm when
used for conjugation. ABICyanol was cultured at from 28 °C to 37 °C in liquid BG11 fresh
water medium on a reciprocal shaker at 150 rpm under continuous illumination of approximately
30 — 40 pumol photons*m™? *sec™.

[00201] Plasmid DNA from £. coli strains was isolated using a GeneJet Plasmid Miniprep
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.
Microbiol Biotechnol 21:877-881.

Example 2

Preparation of Cyanobacterial Culture Medium

[00202] 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 B12 (Sigma Aldrich) was supplemented to MBG-11 to achieve a final
concentration of 1 pg/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
BG11 medium containing 10 - 20 pg/mL kanamycin and were maintained on BG11 plates
containing 40 ug/mL kanamycin. For growth in liquid freshwater BG11 medium, 30-40 pg/mL

of kanamycin was applied.
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