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based gels include agar, pectin, carrageenan, konjac (also known as glucomannan),
alginate, chemically modified agarose, or mixtures thereof.

The binding agent can be an isolated plant protein or a carbohydrate-based gel.
Non-limiting examples of suitable plant proteins include RuBisCQ, an albumin, a gluten,
a glycinin, a conglycinin, a legumin, a globulin, a vicilin, a conalbumin, a gliadin, a
glutelin, a glutenin, a hordein, a prolamin, a phascolin, a proteinoplast, a secalin, a
triticeac gluten, a zein, an oleosin, a caloleosin, a steroleosin, or mixtures thereof (e.g.,
albumin fractions). The plant proteins can be obtained from any source, including soy,
peas or lentils. In some embodiments, useful binding agents can be obtained from a non-
plant-based source. For example, egg albumin or collagen can be used as a binding agent
in some embodiments.

When the binding agent is a protein, it is useful for the denaturation temperature
of the protein to be less than the melting temperature of the carbohydrate-based gel. For
example, the denaturation temperature of suitable protein-binding agents (¢.g., RuBisCQO,
albumin, soybean conglycinin, or a gluten, or mixtures thereof) can be between about
40°C and about 80°C. This allows the carbohydrate based gel to melt after the protein
binding agent denatures and binds the meat replica together, and provides better texture
and form to the meat replica.

In some embodiments, the proteins used as binding agents may be chemically or
enzymatically modified to improve their textural and/or flavor propertics. For example,
proteins may be partially proteolyzed using food-grade enzymes such as papain to result
in better water-releasc profile during gelation and cooking. In some cmbodiments, the
proteins used as binding agents may be chemically or enzymatically modified to modify
the denaturation and gelling temperature of the proteins, for example, to achieve a
specific gelling temperature (¢.g., 52°C to mimic myosin or 68°C to mimic actin). In
sore instances, proteins such as proteases may be used to reduce bitterness that may be
present in purified protein fractions.

In some embodiments, the binding agent is a carbohydrate-based gel. For
example, a carbohydrate based gel that becomes firm upon cooking to 140°F to 190°F

(e.g., 150°F to 180°F). Non-limiting cxamples of carbohydrate-based gels include
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methylcellulose, modified starches such as hydroxypropylmethyl cellulose, guar gum,
locust bean gum, xanthan gum, or mixtures thereof.

In addition, an iron-complex and/or an iron salt and a flavoring agent can be
added to the meat replica. The iron-complex and/or iron salt can be the same or different
than the ron-complex and/or iron salt used to flavor the meat dough, connective tissue
replica, or non-animal-based fat. The flavoring agent can be a flavor precursor or
mixture of flavor precursors (described above) such that upon cooking the meat replica,
the iron-complex and/or iron salt and flavor precursor can react and produce flavor
compounds. The flavoring agent also can be a flavoring such as yeast extract, hydrolyzed
protein, or a flavor compound. Flavor compounds can include, for example, phenylacetic
acid, (E.E)-2,4-nonadienal, aquaresin onion, oil soluble onion, p-cresol, acetonyl acetate,
4-hydroxy-2,5-dimethyl-3(2H)-furanone, (E,E)-2.4-octadienal, 2-methyl-1-butane thiol,
2-methyl-3-furyl tetrasulfide, ethyl 2-mercaptopropionate, 2-mercapto-3-butanol (mixture
of isomers), n-decane-d22, oil soluble garlic, sulfurol, sulfuryl acetate, mercapto-3-
butanol, spiromeat, 1-penten-3-one, 2-methyl-3-furanthiol, 2-methyl-3-
tetrahydrofuranthiol, oleic acid, dipropyl trisulfide, difurfuryl disulfide,
methylcyclopentenolone, 3-methylthio hexanal, butyric acid, butyrolactone, S-methyl-
2(3H)-furanone, furaneol, 1-(1H-pyrrol-2-yl)-cthanone, hexanoic acid, and combinations
thereof. Additional flavor compounds may be purchased commercially from companies
such as Sigma Aldrich (St. Louis, MO), Penta Manufacturing Co. (Fairficld, NJ),
Advanced Biotech (Totowa, NJ), Firmenich (Meyrin, Switzerland), Givaudan (Vernier,
Switzerland), Intcmational Flavors and Fragrances (New York, NY), and Wild Flavors
(Erlanger, KY).

In some embodiments, seasonings agents such as edible salts (e.g., sodium or
potassium chloride), garlic, or herbs (e.g., rosemary, thyme, basil, sage, or mint},
emulsifiers (e.g., lecithin), additional fiber (e.g., zein or inulin), minerals {(¢.g., iodine,
zinc, and/or calcium), meat shelf life extenders (e.g., carbon monoxide, nitrites, sodium
metabisulfite, Bombal, vitamin E, rosemary extract, green tea extract, catechins and other

antioxidants) can be incorporated into the meat replica.

3
3
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Meat replicas described herein also can include a natural coloring agent such as
turmeric or beet juice, or an artificial coloring agent such as an azo dye,
triphenylmethane, xanthene, quinine, indigoid, titanium dioxide, red #3, red #40, blue #1,
or yellow #5, or any combination of natural and/or artificial coloring agents.

Any of the replicas described herein can be shaped to the desired use, ¢.g., formed
into patties, loaves, chubs, meatballs, or nuggets, and used in any type of food product
that ground meat would be used, ¢.g., as taco filling, or in casseroles, sauces, toppings,
soups, stews, meatballs, or meatloaves. In some embodiments, a meat replica can be
formed, for example, into meatballs or nuggets, and then coated with breadcrumbs, rice,

or a flour (e.g., oat flour or coconut flour) for ease of convenience.

Meat Replica

A meat replica described herein can include about 5% to about 88% (e.g., about
10% to about 40%, about 25% to about 35%, about 40% to about 88%, or 45% to about
60%) by weight of a meat replica dough; about 0% to about 40% (e.g., about 15% to
about 25%) by weight of a carbohydrate-based gel; about 3% to about 35% by weight of
a non-animal fat (e.p., about 10% to about 15%); about 0.00001% to about 10% by
weight of a flavoring agent; about 0% to about 15% (c.g., about 2% to about 15% or
about 2% to about 10%) by weight of a binding agent; and about §.01% to about 4%
(c.g., about 0.05% to about 1%, or about 0.2% to about 2%) by weight of an iron
complex such as a heme-containing protein and/or an iron salt. The amount of flavoring
agent can vary depending on the type of flavoring agent. In somc embodiments, a
flavoring agent can be about 0.5% to about 7% of the meat replica. For example, a
flavoring agent such as a mixture of flavor precursors can be about 0.5% to about 7% of
the meat replica (¢.g., about 1% to about 3%; about 3% to about 6%; about 4% to about
7%). In some embodiments, a flavoring agent such as a flavoring compound can be
about 0.00001% to about 2% of the meat replica.

As described herein one or more, two or more, three or more, or four or more of
the components can include a flavoring agent. For example, the meat dough can include

a flavoring agent {(¢.g., a flavoring compound produced by combining an iron complex or
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iron salt with one or more flavor precursors and heating) or can include a flavoring such
as yeast extract in the edible fibrous component. The non-animal fat also can include a
flavoring agent (e.g., a flavoring compound produced by conibining an iron complex or
iron salt with one or more flavor precursors and heating). The replica also can include an
iron complex or iron salt and one or more flavor precursors that can react upon cooking
the replica, enhancing the sensory cxperience of cooking the replica. In addition, the
replica can include a flavoring or flavoring compound.

In some embodiments, the components are produced at the desired particle sizes
and then compressed together for 5 minutes to 24 hours (e.g., 10 minutes to 2 hours, 1 to
4 hours, 4 to 8 hours, 6 to 12 hours, or 12 to 24 hours) to allow the components to adhere
into a meat replica. The meat replica may then be ground to replicate the attributes of a
ground meat. The meat replica can be compressed into any desired form to replicate the
shape and density of, for example, a steak, a tenderloin, a chop, or a fillet. The meat
replica also may be further processed into a processed meat such as a sausage.

The invention will be further described in the following examples, which do not

Hmit the scope of the invention described in the claims.

EXAMPLES
EXAMPLE 1

Isolation and Purification of Leghemoglobin

A nucleic acid encoding Glycine max leghemoglobin C2 (Uniprot KB P02236)
with an N-tcrminal His6 cpitope tag and a TEV clcavage site was cloned into the
plexpress401 vector (DNAZ2.0), and transformed into £. coli BL21. Transformed cells
were grown by fed-batch fermentation supplemented with kanamycin, 0.1 mM ferric
chloride and 10 ug/ml 5-aminolevulinic acid. Expression was induced by 0.3 mM
isopropyl $-D-1-thiogalactopyranoside (IPTG) and cells were grown at 30°C for 24 hr.
Cells were concentrated by centrifugation and resuspended in 20 mM potassium
phosphate pH 7.8, 100 mM NaCl. Cells were lysed by high-pressure homogenization and
clarified by centrifugation and microfiltration. Leghemoglobin was purified from the
soluble lysate using zinc-charged IMAC sepharose fast flow resin (GE Healthcare).

35
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Bound leghemoglobin was eluted off the resin with 500 mM potassium phosphate

monobasic, 100 mM NaCl. Purified leghemoglobin was neutralized and concentrated

using ultrafiltration. Concentrated leghemoglobin was reduced with 20 mM Na dithionite.

Na dithionite was removed by diafiltration. Leghemoglobin concentration was

determined by soret peak absorbance and adjusted to 60-70 mg/ml. The final

leghemoglobin product was frozen in liquid nitrogen, lyophilized, and stored at -20°C.

Purity (partial abundance) of leghemoglobin was analyzed by SDS-PAGE and

determined to be ~ 80%. Analysis of UV-VIS spectra (250-700nm) revealed spectral

signature consistent with heme-loaded leghemoglobin.

Glycine max leghemoglobin C2 and eight Pichia pastoris heme biosynthesis

genes (listed in Table 1) were cloned into the Pichia pastoris expression vector pJA

(BioGrammatics Inc.; Carlsbad, CA) under the contro! of the p4d OX 7 methanol inducible

promoter. Pichia pastoris straim Bgl1 (BioGrammatics, Inc.) was transformed with

linearized plasmids, and stable integrants were selected by antibiotic resistance.

TABLE 1
Gene Species Function UniprotKB #
Leghemoglobin C2 Glycine max Leghemoglobin P02236
production
ALA synthase Pichia pastoris Heme enzyme- F2QS871
step 1
ALA dehydratase Pichia pastoris Heme enzyme- F2Q7A1
step 2
Porphobilinogen Pichia pastoris Heme enzyme- F2QP90
deaminase step 3
Uroporphyrinogen [i] Pichia pastoris Heme enzyme- F2QSR5
synthase step 4
Uroporphyrinogen 11} Pichia pastoris Heme enzyme- F2QUwW1
decarboxylase step 5
Coproporphyrinogen Pichia pastoris Heme enzyme - F2QUX3
oxidase step 6
36
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Protoporphyrinogen Hl | Pichia pastoris Heme enzyme- F2ROD
oxidase step 7
Ferrochelatase Pichia pastoris Heme enzyme- F2ZQWX6

step 8
Sh bleomycin Streptealioteichus Resistance to P17493
findustanus Zeocin
Beta lactamase E. coli Resistance to Q9L5C7
ampicillin
Hygromycin E. coli Resistance to PO0O557
hygromycin
NatR Streptomyces noursei | Nourseothricin (033583
resistance
Neomycin resistance Synthetic bacterial Resistance to n/a
transposon Tn5 geniticin (G418)

Transformed Pichia cells were grown by fed-batch fermentation and
leghemoglobin expression was induced with methanol for 120 hours at 30°C. Cells were
concentrated by centrifugation, resuspended in water, and lysed by high pressure
homogenization. Solids were removed by treatment with Tramfloc 863 A, centrifugation,
and 0.2 um microfiltration (Koch Membrane Systems). The soluble lysate was
concentrated and diafiltcred with watcr using 3 kDa ultrafiltration (Spectrum
Laboratories). The formulated lysate was partially purified using HPA2S5L, anion
exchange resin (Mitsubishi) to a final purity of ~40%. The partially purifie
leghemoglobin solution was re-formulated by concentration and water diafiltration using
3 kDa ultrafiltration (Spectrum Laboratories) and further purified using Q Fast Flow
anion exchange resin (GE Lifesciences). The final leghemoglobin product was
concentrated using 3 kD ultrafiltration and frozen at -20°C. The final product was ~80%

pure and contained 80 g/L leghemoglobin.
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EXAMPLE 2
Isolation of RuBisCO

One kg of fresh spinach leaves was macerated in a Vita-prep 3 blender (Vitamix
Corp, Cleveland, OH) at a ratio of 1:1 with potassium phosphate buffer (pi1 7.4)
containing 0.1M NaCl. The extraction was performed for 10 min at the highest sctting
(3HP motor). The temperature was maintained at less than 30°C. The pH was adjusted to
7.4 post-grinding using a 10 M NaOH solution. The homogenate was centrifuged at 3500
g for 5 minutes, simulating the conditions at scale (with a GEA Westfalia decanter GCE-
345 at about a 1 gpm feed rate). The pellet was discarded. The liquid centrate (about 1.6
L) then was microfiltered using a 0.2 um modified polyethersulfone (mPES) membrane
in a hollow fiber format (KrosFlo KO2E20U-05N from Spectrum Laboratories Inc.
Rancho Dominguez, CA). The retentate (about 0.25 L) was diafiltered using about 1.5 L
of the extraction buffer. The permeate from this filtration step (~3 L) was concentrated
using a 10 kDa mPES membrane (MiniKros NO2ZE010-05N from Spectrum Laboratories
Inc. Rancho Dominguez, CA) to about 0.1 L. The protein concentrate had a pH of about
7.4. A concentrated acid solution such as 6M Hydrochloric Acid was slowly added to the
concentrate to decrease the pH to 5. The mixture was stured vigorously for 30 minutes
using a magnetic stir plate or a homogenizer and then centrifuged at 3500 g for 5 minutes
to obtain an off white pellet and a brown centrate. The centrate was discarded and the
protein pellet was washed with deionized water. The pellet was resuspended in 0.05-0.1L
DI water. The sohution was mixed vigorously into a uniform slurry and the pH was
slowly raiscd to 11 using a concentrated basc solution such as 10M sodium hydroxide.
The resulting solution was clear yellow. The pH was then reduced to 9 to maintain the
clear mixture. The product was dried using a spray dryer, or frozen and dried using a
freeze dryer. This material was analyzed using a Leco FP-528 Nitrogen Combustion
Analyzer (Leco, St. Joseph, MI) by the AAOC method (AOAC, 2000). Protein was
calculated as % nitrogen x 6.25 and was calculated to be 86% protein. The product

obtained was slightly decolored and retained the low temperature denaturation property.
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EXAMPLE 3

Iselation and decolorization of RuBisCO

One kg of fresh spinach leaves were macerated in a Vita-prep 3 bender (Vitamix
Corp., Cleveland, OH) in a ratio of 1:1 (w/w) with potassium phosphate buffer (pH 7.4)
containing 8% (w/v) PEG (Carbowax Sentry PEG 8000; Dow Chemicals, Midland, Mi)
and 0.1% (w/v) cationic flocculant (863 A; Tramfloc, Inc., Houston, TX). The extraction
was performed for 3 minutes at the highest setting (3HP motor) maintaining the
teraperature at less than 30°C at all times. The pH was adjusted to 7.4 post-grinding,
using a 10 M NaOH solution. The homogenate was centrifuged at 3500 g for 5 minutes
using a bench top centrifuge (Allegra X15R, $X4750 rotor; Beckman Coulter, Inc.,
Pasadena, CA). The pellet was discarded and the supernatant (about 1.6 L) was collected
separately. Magnesium sulfate heptahydrate salt (K+S KALI GmbH, Kassel, Germany)
was added to the supernatant to attain 1M concentration. The solution was mixed
thoroughly and centrifuged at 5451 ¢ for 3 minutes using a bench top centrifuge (Allegra
X15R, $X4750 rotor; Beckman Coulter, Inc.). Three layers formed in the centrifuge
bottle, and the remaining green solids separated out as a pellet (about 0.1 L). The PEG
layer (about 0.3 L) separated and formed the top layer, selectively fractionating the color
compounds and odorous compounds. A clear product remaining in the middle layer was
then microfiltered using a 0.2 pm modified polyethersulfone (mPES) membrane in a
hollow fiber format (Spectrum Laboratories Inc.). The retentate (about 0.25 L) was
diafiltered using about 0.75 L of 1M magnesium sulfate solution. The permeate from this
filtration step (about 3 L) was concentrated using a 70 kDa mPES membranc (Spectrum
Laboratories, Inc.) to about 0.1 L. This was further diafiltered with about 0.51. DI water
in 5 steps. The protein concentrate had a pH of about 7 and conductivity less than 5
mS/cm. The resulting protein concentrate was clear pale yellow. The product was dried
using a spray dryer, or frozen and dried using a freeze dryer. This material was analyzed
using the standard 660 nm Pierce protein assay and SDS gel densitometry. The dry solids
were analyzed using the IR moisture analyzer. The flocculant and PEG concentration in
the final product were analyzed using titration methods. The protein concentration was

about 91% (w/w), and the total solids about 95% (w/w). The PEG and flocculant
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concentrations were analyzed at less than 0.2% (w/w). The product was over 90% pure
with over 90% recovery through the process. The product obtained was decolored and

retained the low temperature denaturation property.

EXAMPLE 4

Isolation of soluble sovbean conglvcinin

The soluble conglycinin fraction of soybean proteins (the 7S fraction) was
obtained using the following method: 1 kg of defatted soy flour (CHS HONEYSOY®
PDI 90) was mixed with 10 L deionized water in a vessel! fitted with an overhead mixer.
After the clumps of flour were dispersed, the pH of the slurry was adjusted to § with 2N
NaOH. The mixture was stirred for 1 hour at 4°C to extract all soluble proteins. The pH
of the mixture then was adjusted to 5.8 using 2N H2S0O4 and mixed for an additional 1
hour at 4°C. The mixture was then centrifuged to remove insoluble carbohydrate and
protein (glycinins) at 10000 g for 10 minutes in a JLA 8.1 rotor (JHC centrifuge,
Beckman Coulter Inc.). The soluble supernatant was further acidified to pH 4.5 using 2N
H2S04 and mixed for 1 hour at 4°C. The acidified mixture was then centrifuged at
10000g¢ for 10 minutes to collect the precipitated proteins and the supernatant containing
lipoxygenase, soybean lecithin and trypsin inhibitors was discarded. The conglycinin in
the pH 4.5 precipitated protein fraction was resolubilized by resuspending the pellet in 4
volumes of water (approximately 21) and adjusted to pH 8 using 2N NaOH. The mixture
was stirred at 4°C for 1 hr. The pH of the mixture was once again dropped to 5.8 using
2N H2504 to minimize co-purification of contaminant protcins. The mixture was
centrifuged at 15000¢g for 20 minutes to collect the soluble conglycinin in the supernatant.
The conglycinin fraction was concentrated using ultrafiltration (70 kDa mPES
ultrafiltration membrane, 2600sq. cm, Spectrum Laboratories Inc.). The resulting protein
solution (approx. 0.5L at 10% protein concentration) comprises 55-65% pure conglycinin
and gels at 65°C. The protein then was freeze-dried and stored at room temperature until

used in making of the meat-replicas.

40
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EXAMPLE S

Preparation of dough broth for pre-flavoring meat dough

A dough broth was created by mixing a 1X precursor mix 1 (see Table 2), 0.5%
leghemoglobin (LegH, isolated and purified as deseribed in Example 1), and 18%
Refined, Bleached, and Deodorized (RBD) coconut oil {(from Shay and company,
Milwaukie, OR), and stirring as the solution was heated until boiling, then simmered at a
fow boil for 10 minutes. This solution is referred to as the “dough broth™ and was used
for creating the meat dough of Exaraple 10. Incubating the coconut oil with the LegH
and precursor mix generates savory or meaty flavors in the broth including caramelized,

fatty, beefy, nutty, sulfur, metallic, buttery, sweet, savory, and umami.

41
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Composition of magic mixes

Precursor

Precursor mix 1

Precursor mix 2

(mM) (mM)
Alanine 15.0 7.5
Arginine 0.6 0.3
Asparagine 0.8 0.4
Aspartate 0.8 0.4
Cysteine 9.0 9.0
Glutamic acid 50.0 50.0
Glutamine 0.7 0.3
Glycine 13 0.7
Histidine 0.6 0.3
Isoleucine 0.8 0.4
Leucine 2.0 1.0
Lysine 5.0 2.5
Methionine 1.0 0.5
Phenylalanine 0.6 0.3
Proline 0.9 0.4
Threonine 0.8 0.4
Tryptophan 1.5 0.8
Tyrosine 0.6 0.3
Valine 1.0 0.5
Glucose 5.6 2.8
Ribose 50 5.0
Thiamine 0.2 0.2
IMP + GMP 2.0 1.0
Lactic acid 9.0 4.5
Creatine 3.0 1.5
L-Taurine 40.0 20.0
Glutathione 2.0 1.0
N-Acetyl L-cysteine 10.0 5.0

EXAMPLE 6

Preparation of flaver infused fat replica

A flavored fat replica was crcated by mixing a solution of LegH (from Example

1) at 0.5%, 1x precursor mix 1 (Table 1), and 30% RBD coconut oil (Shay and company,

42
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Milwaukie, OR) and stirring the mixture as it was heated until boiling, then simmered at
a low boil for 10 minutes. The solution was cooled to allow the oil to solidify. Once the
oil was solidificd, it was separated from the aqueous layer and used in preparing the
burger described in Example 11. Incubating the coconut oil with the LegH and precursor
mix infuses flavor notes in the oil including savory, meaty, beef fat, slightly sweet and

sulfur.

EXAMPLE 7

Preparation of “soft connective” tissue replica

A soft connective tissue replica was prepared using soy protein isolate (SUPRO®
EX38 (Solae)), Vital wheat gluten (131100, Guisto’s Specialty Foods, San Francisco,
CA), and water. A Nano 16 extruder ((Leistritz Advanced Technologies Corp.,
Somerville, NJ) was used, with a custom-made cooling dic (round, ID 6.5 mm, length
300 mm), a cooling water circulator, and a high pressure water pump (Optos, Eldex
Laboratories Inc.).

Fifty (50) g of soy protein isolate and 50 g of wheat gluten powder were
thoroughly mixed with manual mixing and tumbling for 5 min, and then loaded into the
loading tube of the extruder’s batch feeder. The dry mixture was fed into the extruder at
the rate of 2.4 g/min. Water was fed by the pump into the second zone of the extruder’s
barrel at the rate of 3.6 ml/min. Screw speed of the extruder was maintained at 120 RPM.
A temperature gradient was sct along the extruder barrel as follows: feed zone - 25°C,
zone 1 - 30°C, zonc 2 - 60°C, zonc 3 — 110°C, zonc 4 — 110°C. The dic platc was ncither
actively heated, nor cooled. The cooling die was cooled by the cooling water circulator
maintaining the die at 24°C.

The soft connective replica produced by this method was off-white in color and
highly fibrous/filamentous, with a neutral taste and flavor. Tensile strength of this

material was low and comparable to that of tender beef roast.
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EXAMPLE 8

Preparation of “tough fibrous connective” tissue replica

To prepare a tough fibrous connective tissue replica, 50 g of soy protein isolate
and 50 g of wheat gluten powder were thoroughly mixed by manual mixing and tumbling
for 5 min, and loaded into the loading tube of the extruder’s batch feeder. The dry
mixture was fed into the extruder at the rate of 3.6 g/min. Water was fed by the pump into
the second zone of the extruder’s barrel at the rate of 5.4 ml/min. Screw speed of the
extruder was maintained at 120 RPM. A temperature gradient was set along the extruder
barrel as follows: feed zone - 25°C, zone 1 - 37°C, zone 2 — 61°C, zone 3 — 135°C, zone
4 — 135°C. The die plate was neither actively heated, nor cooled. The cooling die was
cooled by the cooling water circulator maintaining the die at 26°C.

The tough fibrous connective replica produced by this method was light tan in
color and was a fibrous/layered material having a neutral taste and flavor. Tensile

strength of this material was high and comparable to that of cooked beef tendons.

EXAMPLE 9

Preparation of pre-flavered “soft connective” tissue

To prepare a flavored soft connective tissue replica, 50 g of soy protein isolate, 50
g of wheat gluten powder, T g of yeast extract #9 (Flavor house Inc., X11020), and yeast
extract #21 (Biospringer 1405/40 MGI) were thoroughly mixed by manual mixing and
tumbling for 5 min, and loaded into the loading tube of the extruder’s batch feeder and
extruded as described in Example 7. The pre-flavored soft connective tissue had a savory
taste, with an increasc in the flavor complexity and decrease in off notes as compared to

the soft connective tissue produced in Example 7.

EXAMPLE 10

Preparation of “meat dough”

“Meat dough” for the ground beef-replica was prepared using the following
mgredients:

a. Vital wheat gluten (#131100, Guisto’s Specialty Foods, San Francisco, CA)

44
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b. soft connective tissue replica (see Example 7, the pre-flavored soft connective
tissue of Example 9 also could be used)
c. dough broth (see Example 5)

A 100g portion of meat dough was prepared as follows. First, 25 g of the soft
connective tissue replica was hand shredded lengthwise into approximately 1-inch long
picces. The shredded soft connective replica was combined with 25 g dry wheat gluten in
a mixing bowl and gently hand tossed to mix evenly. In a separate container, 50 mL of
dough broth was brought to a boil and simmered on low for 10 minutes. The hot dough
broth was added to the dry gluten-connective tissue replica mix and kneaded on a stand
mixer {e.g., KITCHENAID® Professional 600 Series 6 Quart Bowl-Lift Stand Mixer
model KP26M1XER with dough-mixing attachment, set at speed 2) for 30 seconds to
form the meat dough.

Once kneaded, the meat dough was formed into a slab and transferred to another
vessel for stcaming. The meat dough was steamed (in an Aroma Rice cooker Model No.
ARC-1030SB) until the internal temperature reached approximately 200°F and held at
that temperature for additional 20 minutes. After steaming, the dough was transferred to a
container on ice to allow it to cool down to room temperature. The steamed meat dough
also can be stored at this point at 4°C for up to a week. Before forming the beef-patty
replicas, the steamed meat dough was hand torn into smaller pieces, approximately 1 inch
cubes. The mixture is now ready for use in the formation of a beef-patty replica

(described in Examples 11 and 12).

EXAMPLE 11

Assembly and cooking of burger

A replica burger containing the ingredients in Table 3 was prepared. The 1% agar
preparation was made by adding 1 g of agar powder (item 6410, Now Foods
Bloomingdale, IL) to 99 ml of water in a glass beaker. The agar was fully solubilized by
heating the mixture to 100°C while stirring, and then cooling in 4n ice bath for 20 - 30

min until a firm gel firmed. The gel was then transferred to a coffee grinder (Cuisinart®

45

Motif Exhibit 1039, Page 1070 of 1288



10

15

20

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

WO 2015/153666 PCT/US2015/023679

Model # CUI DCG-20N) and ground for 20 seconds to break it into small pieces for

mixing.

TABLE 3
Composition of Burger
Ingredient %
Meat dough (Example 10) 54.1
1% agar preparation 20.0
Coconut oil with flavor system (Example 6) 13.5
16x precursor mix 2 (Table 1) 5.9
RuBisCO preparation (dry) (Example 2) 53
LegH preparation (dry) (Example 1, £. coli) 12
Total 100

The meat dough (Example 10) and flavored coconut oil (Example 6) were mixed
by hand in a bowl. A typical batch size was 100 g to 2000 g. The mixture was then
ground using a stand mixer fitted with a food grinder attachment (KITCHENAID®
Professional 600 Series 6 Quart Bowl-Lift Stand Mixer model KP26 M1XER and
KITCHENAID® Food Grinder model FGA, St. Joseph, MI) on speed setting 1. The
mixture was fed by a screw conveyor past a rotating knife installed in front of a fixed-
hole plate. The ground tissue was collected in a bowl.

The following ingredients then were added in the ratios shown in Table 3: 1%
agar preparation, RuBisCO (approximately 50% by weight RuBisCO), 16x precursor mix
2, and LegH (350-650 mg/g). Ingredicnts were added in the order listed here and the
material was mixed gently after each addition. Thirty (30) g or 90 g portions of ground
tissue were then formed by hand into round patty shapes. Typical dimensions for 30 g
patties were 30 mm x 12 mm. Typical dimensions for 90 g patties were 70 mm x 18 mm.
During the assembly, grinding, and forming, all materials were kept cold (4 — 15°C).
Patties were refrigerated until cooked. Patties were cooked on a preheated (325 — 345°F)
non-stick skillet and heated to an internal temperature of 160°F while flipping every 2
minutes. Typical cook times ranged from 12 to 15 minutes. Cooked pattics had an

appearance, texture, and flavor similar to ground beef as judged by a trained sensory
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panel. In addition to cooking in a patty format, the unformed material also can be used in
a variety of dishes such as taco filling, casseroles, sauces, toppings, soups, stews, or

loaves.

EXAMPLE 12

Adding flavor molecules to the burger

A replica burger containing the ingredients in Table 4 was prepared.

TABLE 4
Composition of burger

Ingredient Y
Unflavored meat dough 54.1
1% agar preparation (see Example 11) 20.0
Coconut oil 13.5
16x precursor mix 2 (Table 1) 59
RuBisCO preparation (dry) (Example 2) 53
LegH preparation (dry) (Example 1, E. coli) 1.2
Phenylacctic acid (CAS # 103-82-2) 0.003%
Furaneol (CAS #3658-77-3) 0.003%
2-Mercapto-3-butanol (CAS # 37887-04-0) 0.0015%
Garlic, oil soluble (Kalsec) 0.0015%
Total 100

The unflavored meat dough (wheat gluten, unflavored soft connective tissue, and
water) and coconut oil were mixed by hand in a bowl and ground as described in
Example 11. The following ingredients were then added at the ratios in Table 4: 1% agar
preparation, RuBisCO (approximately 50% by weight), 16x precursor mix 2, and LegH
(350-650 mg/g). Flavor compounds and garlic oil were diluted to 1x 107 then added at
the concentration listed in Table 4. Ingredients were added in the order listed here and
the material was mixed gently after each addition. 100 g portions of ground tissue were
then formed by hand into round patty shapes. During the assembly, grinding, and
forming, all materials were kept cold (4 — 15°C). Patties were cooked on a preheated (325

— 345°F) non-stick skillet and heated to an internal temperature of 160°F while flipping
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every 2 minutes. The patties typically cooked in 12 to 15 minutes. Cooked patties had
appearance, texture, and flavor similar to ground beef. These patties did not have as
much depth in flavor as burgers created with pre-flavored dough and fat, however these
burgers had additional flavor notes associated with beef as judged by a trained sensory

panel.

EXAMPLE 13

Preparation of solution-spun zein fibers for connective tissue replica

Solution-spun zein fibers were produced using zein powder (Prairie Gold Inc.,
Bloomington, IL), ethanol (190 proof Everclear by Luxco), sodium hydroxide (Fisher
Scientific), glycerol, (Fisher Scientific), and water. Fifty (50) g of zein powder, ten (10)
g of glycerol, thirty six (36) g of ethanol, and four (4) g of water were mixed in a glass jar
for 5 min using a homogenizer. The pH of the solution was adjusted to 7.0 with a 1M
solution of sodium hydroxide in cthanol. The solution was loaded into a 1 ml syringe
with a 30-gauge needle. The syringe was mounted on a syringe pump (New Era Syringe
Pumps, Inc.), which was installed vertically, needle pointing down, over a custom-made
fiber spooler with a Delrin spool. The spooling rod was set to rotate at 3 RPM.

The syringe pump was set to 0.12 ml/h and activated. When a drop of solution
formed at the end of the needle, it was picked up with a spatula and stretched into a fiber.
The end of the fiber was touched to the spooling rod until it adhered. A heating fan,
pointing to the spooling rod at the place of fiber attachment, was then switched on to
facilitate fiber drying. Fiber was spooled until the syringe was crapty, after which the
syringe was reloaded and the above procedure repeated. After spooling, the fibers were
pre-cured in a 110°C oven for 1 hour, and then finished by baking at 175°C for 5
minutes.

Zein fibers obtained by this process were semi-clear, light yellow colored fibers,
60-80 micrometer thick, as measured by light microscopy. They were very flexible in air
and water, maintaining high tensile strength similar to animal connective tissue (10-15

MPa) even after water immersion for several hours.
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EXAMPLE 14

Preparation of dough broth with iron glucenate for pre-flavoring meat dough

A dough broth was created by mixing a 1X precursor mix 1 (see Table 2), 1 mM
iron gluconate, and 18% refined, bleached, and deodorized (RBD) coconut oil (Shay and
company), and stirring as the solution was heated until boiling, then simmered at a low
boil for 30 minutes. This solution is referred to the “iron gluconate dough broth” and can
be used instead of the “dough broth” that is used in the meat dough of Example 10.
Incubating the coconut oil with the iron gluconate and precursor mix generates savory
and or meaty flavors in the broth including pork, beefy, sulfur, metallic, sweet, savory,

and umami in the broth.

EXAMPLE 15

Preparation of flavor infused fat replica with iron cluconate

Flavored fat replica containing iron gluconate was created by mixing a solution of
LegH at 0.25%, 1 mM iron gluconate, 1x precursor mix 1 (Table 1), and 30% RBD
coconut oil (Shay and company) and stirring the mixture as it was heated until boiling,
then simmered at a low boil for 10 minutes. The solution was cooled to 4°C to allow the
oil to solidify. Once the oil was solidified, it was separated from the aqueous layer and
used instead of the flavored fat replica in preparing the burger described in Example 13.
Incubating the coconut oil with the LegH, iron gluconate, and precursor mix infuses
flavor notes in the oil including savory, meaty, beef fat notes, sweet, metallic and sulfur
notes.
EXAMPLE 16
Preparation of meat dough containing cream of tartar

A meat dough was prepared as follows using the ingredients shown in Table 3.
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TABLE S
Composition of Meat Dough

Ingredient Y%
Gluten flour 48.2
Water 35.0
Coconut oil 9.0
1M lactic acid solution 6.0
Hydrolyzed vegetable protein 1.3
Cream of tartar 0.5
Total 160.0

First, water, coconut oil, 1M lactic acid solution, and hydrolyzed vegetable
protein were mixed and heated to 60°C to make a broth. Heating was done to melt and
help distribute the coconut oil. Gluten flour (vital wheat gluten #131100, Guisto’s
Specialty Foods, San Francisco, CA) and cream of tartar were mixed in a separate
container. The warm broth was then added to the dry mixture and kneaded with a stand
mixer (c.g., KITCHENAID® Professional 600 Series 6 Quart Bowl-Lift Stand Mixer
model KP26M1XER with dough-mixing attachment, set at speed 2) for 30 seconds to
form the mcat dough. Once kncadced, the mcat dough was formed into a slab and
transferred to another vessel for steaming. The meat dough was steamed (e.g., in an
Aroma Rice cooker Model No. ARC-1030SB) until the internal temperature reached
approximately 88°C. After steaming, the dough was transferred to a container on ice to
allow it to cool down to 4°C. Cream of tartar modified the texture of the dough in an
advantageous way. When compared to the meat dough of Example 10, the meat dough
of the present example was more cohesive, had a form factor after grinding that was more
similar to ground beef, and had improved raw handling characteristics so that it was

easier to shape and form patties.

EXAMPLE {7

Preparation of meat douch containing lutein

A meat dough was prepared as follows using the ingredients shown in Table 6.
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TABLE 6
Composition of Meat Dough

Ingredient Yo

Water 50

gluten flour 40

coconut oil 9.0

lutein SAF preparation I

Total 100.0

First, water, coconut oil (Shay and company, Milwaukie, OR), and lutein
(FloraGLO Lutein 20% SAF, DSM Nautritional Products, Overland Park, KS) were mixed
and heated to greater than 25°C to make a broth. Heating was done to melt and help
distributc the coconut oil and lutcin. The warm broth was then added to gluten flour
(vital wheat gluten PROLIGHT® LF, ADM, Chicago, IL) and kneaded with a stand mixer
(e.g., KITCHENATD® Professional 600 Series 6 Quart Bowl-Lift Stand Mixer model
KP26M1XER with dough-mixing attachment), set at speed “2” for 30 seconds to form
the meat dough. Once kneaded, the meat dough was formed into a slab and transferred to
another vessel for stcaming as in Example 16 then transferred to a container on ice to
allow it to cool down to 4°C. A control batch of meat dough was made as described
above except no lutein was added. The meat dough containing hitein was described as

having less grainy flavor and being closer to beef than the control meat dough.

EXAMPLE 18

Decreasing grain and off flavors by the addition of carotenoids

Meat dough was prepared as follows using the ingredients shown in Table 7.
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TABLE7
Composition of Meat Dough

Ingredient %

Gluten flour (ADM PROLITE® 40.0
Low Flavor Vital Wheat Gluten
(Montreal, Canada))

Tap water 50.0
Coconut oil 10.0
Carotenoids (DSM) 0.005
Total 100.0

First, melted coconut oil (50°C) was mixed with carotenoids, then this was mixed
into the water. The broth was vigorously stirred, then quickly the wheat gluten flour was
added to the broth and mixed well with a spoon. The formed raw meat dough was
transferred to a metal ramekin or glass beaker for stcaming as described in Example 16
and then transferred to a container on ice to allow it to cool down to 4°C.

The addition of carotenoids modified the flavor of the dough in an advantageous
way; when comparced to the meat dough with no carotenoids (Example 10), five trained
flavor scientists described the meat dough with carotenoid as having less grain flavor,
less oxidized notes, and overall less off flavors in four tastings. Table & presents the
summarized sensory results from a panel of samples with different carotenoids evaluated
by five trained flavor scientist on grain flavor. The trained flavor scientists rated the
samples from 1-5 on the grain flavor, with 1 being the lowest in grain flavor and 5 being
the highest. The reduction in off flavors in the meat dough with the lutein was supported
by SPME Gas chromatography—mass spectrometry (GC-MS) data. Additionally,
carotcnoids (lycopene, beta-carotenc, zeaxanthin, canthaxanthin, and hutein) added to the
meat dough resulted in the samples being described as more fatty and sweeter,

With the addition of lutein in the meat dough, most flavor compounds decreased

dependent on the concentration of lutein. See Table 9; lutein concentrations were at none,
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0.0005%, and 0.005%. The main compounds that decreased with the carotenoids

included oxidized flavor compound like alcohols and aldehydes, including (Z)-2-nonenal,

(E,E)-2,4-nonadicnal, and 1-penten-3-ol; additionally, sulfur compounds were decreased,

including methanethiol, 2-acetylthiazole, and dimethyl suifide; many of these compounds

5 also were described as grainy and oxidized notes by trained flavor scientist by Gas

Chromatography-Olfactometry (GCO).

TABLE 8

Sensory emulation of meat dough with the addition of carotenoids for reduction in
10 grain flavor

Control coconut oil blank 3.0 £ 08
plus Lycopene 28 £ 0.6
plus beta-carotene 1.5+0.7
plus Zeaxanthin 1.6 +0.8
plus Canthaxanthin 1.6 +0.8
plus lutein 1.9 £0.8

TABLE 9

Flavor compounds affect by the addition of carotenoids in wheat gluten flour upon

cooking. Data collected by SPME GCMS.
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EXAMPLE 19

Decreased grain and off flavor bv the addition of antioxidants

A meat dough was prepared as follows using the ingredients shown in Table 10.

TABLE 10
Composition of Meat Dough

Ingredient Y%

Gluten flour (ADM PROLITE® Low  40.0
Flavor Vital Wheat Gluten)

Tap water 50.0
Coconut oil 9.95

EGCG (Swanson Superior Herbs) 0.05

Total 100.0

EGCQG (epigallocatechin gallate) was solubilized in water, then melted coconut oil
{50°C) was mixed into the water. The broth was vigorously stirred, then quickly the
wheat gluten flour was added to the broth and mixed well with a spoon. The formed raw
meat dough was transferred to a metal ramekin or glass beaker for steaming as described
in Example 16, and then transferred to a container on ice to allow it to cool down to 4°C.

The reduction in off flavors as described by trained flavor scientists in the meat
dough with the addition of EGCG is supported by SPME GC-MS data. The GCMS data
showed multiple flavor compounds that were no longer detectable or decreased by at
least 2-fold, including compounds 2-pentyl-furan, 6-methyl-5-hepten-2-one, 1-penten-3-
ol, 2-penten-1-ol, methyl-pyrazine, butanal, S-ethyl-2(5H)-furanone, 5-cthyldihydro -
2(3H)-furanone, 2-nonenal, phenylacetaldehyde, and 3,5-octadien-2-one that were

described by GCO as being grainy and oxidized notes.

wh
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EXAMPLE 20

Preparation of meat dough with decreased grain flavor by washing the wheat gluten

Meat dough was prepared as follows using the ingredients shown in Table 11.

TABLE 11
Composition of Meat Dough
Ingredicnt Y%
Gluten flour 40.0
Tap water 50.0
Coconut oil 10
Total 160.0

Wheat gluten flour (ADM PROLITE® Low Flavor Vital Wheat Gluten) was
slowly stirred into a solution that contained 10X washing solution (50 mM NaCl), then
mixed well to prevent clump formation. The solution was set on ice for five minutes,
during which the wheat gluten settled to the bottom. A second wash step was followed by
removing the first wash solution and stirring into 10X fresh washing solution. 'The second
solution was discarded and a final wash with tap water followed. The water wash solution
was discarded, then the washed wheat gluten was measured to determine that the correct
amount of water was incorporated. Water was added or pressed out so that the wheat
gluten dough weight was equal to the amount of initial wheat gluten flour measured out
and the theoretical amount of water. Melted coconut oil was added, and the dough was
hand kneaded for 30 seconds to incorporate the oil. The formed raw meat dough was
transferred to a metal ramekin or glass beaker for steaming as in Example 16 and then
transferred to a container on icc to allow it to cool down to 4°C.

The washing step modified the flavor of the dough in an advantageous way; when
compared to the non-washed meat dough, five trained flavor scientists described the
washed meat dough as having less grain flavor, less oxidized notes, and overall less off
flavors in four tastings. The reduction in off flavors in the washed meat dough is
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supported by SPME GC-MS coupled with GCO that compared non-washed to washed
meat dough. In the washed meat dough, flavor compounds decreased, including oxidized
flavor compounds such as alcohols and aldehydes, and particular compounds including 1-
(2-furanyl)-cthanone, methyl-pyrazine, pentaneic acid, 3-methyl-1-butanol, 2,3-
butanedione, benzyl alcohol, (E,E) 3,5-octadien-2-one, {(E)-2-nonenal, (E,E)-2,4-
decadienal, and 1-octen-3-one, which were determined to be odor active compounds by
GCO and the detection of these compounds was either decreased or was not detected in

the washed meat dough.

EXAMPLE 21

Preparation of bloody agar

Bloody agar was prepared using the ingredients shown in Table 12.

TABLE 12
Ceomposition of Bloody Agar

Ingredient %
Flavor broth 41.5
Leghemoglobin, 56 mg/ml liquid 26.7
17x Liquid Magic Mix 17.3
RuBisCO, dry (Example 2) 12.0
1 M lactic acid solution 1.5
Agar powder 1
Total 100.0

Agar powder (Now Foods, Bloomingdale, 11.) was dissolved in a mixtarc of lactic
acid and flavor broth (made as in Example 5, except 10% coconut oil and Magic Mix 1
from Table 13 was used) by heating to 100°C in a stirred beaker. The solution was
cooled to 65°C by immersion in an ice bath. 17x liquid magic mix (Magic Mix 2 from
Table 13} and leghemoglobin, both at 4°C, then were added, causing the temperature of

the mixture to decrease to 50°C. It is important that the mixture be cooled before adding
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the leghemoglobin to prevent the leghemoglobin from denaturing. The dry RuBisCO
then was added and the mixture was stirred vigorously by hand. It is important that the
temperature be between 40°C and 60°C when the RuBisCO is added. If the temperature
is too high, the RuBisCO can denature and will not function as a firming agent during
cooking of the final product. If the temperature is too low, the agar will solidify and
hinder generation of a homogenous mixture.

TABLE 13
Composition of Magic Mixes

Precursor | Precursor

Precursor mix 1 mix 2

{mM) {mM)
Alanine 15.0 7.5
Arginine 0.6 0.3
Asparagine 0.8 0.4
Aspartate 0.8 0.4
Cysteine 9.0 9.0
Glutamic acid 20 20
Glutamine 0.7 0.3
Glycine 1.3 0.7
Histidine 0.6 0.3
Isoleucine 0.8 04
Leucine 2.0 1.0
Lysinc 5.0 2.5
Methionine 1.0 0.5
Phenylalanine 0.6 03
Prolinc 0.9 04
Threonine 0.8 04
Tryptophan 1.5 0.8
Tyrosine 0.6 0.3
Valine 1.0 0.5
Glucose 5.6 2.8
Ribose 5.0 5.0
Thiamine 0.2 0.2
IMP + GMP 2.5 13
Lactic acid 10.0 5.0
Creatine 3.0 1.5
L-Taurine 10.0 5.0
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EXAMPLE 22

Preparation of bloodv agar

Bloody agar was prepared using the ingredients shown in Table 14.

TABLE 14
Composition of Bloody Agar
Ingredient %
Water 81.1
1 M lactic acid solution 9.2
17x Liquid Magic Mix (Tablc 12) 4.4
Leghemoglobin, 87 mg/ml liquid 43
Agar powder 1.0
Total 100.0

Agar powder (Agar 100, TIC Gums, White Marsh, MD) was dissolved in a
mixture of water and lactic acid by heating to at least 91°C in a stirred beaker. Heating
was done to fully solubilize the agar. The solution then was cooled to 50 - 70°C and a
premixture of the leghemoglobin (Pichia expressed, Example 1) and 17x Liquid Magic
mix (Table 12) was added. If the temperature is too high, the leghemoglobin can
denature and will not function as intended for flavor reaction chemistry. If the
temperature is too low, the agar will solidify and hinder generation of a homogenous
mixture. The mixture then was stirred and further cooled to 4 - 25°C. The finished

product has a ketchup like appearance and texture.

EXAMPLE 23

Preparation of adipose replica emulsion with improved melting, adhesive and

mounth feel properties

To prepare one hundred (100) g of adipose replica, 1 g of dry precursor mix 1
(Table 12) was dissolved in 18.8 ml of water and the pH was adjusted to 6 with a

concentrated NaOH solution. A frozen solution of leghemoglobin (5.5%) was added to
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the precursor solution and placed on a stirring hot plate maintained at 160°C, with a 250
RPM rotation speed.

In a separate container, thirty five (35) g of coconut oil (Shay and company,
Milwaukie, OR) and thirty five (35) g of palm stearin were melted together in a 60°C
water bath. The melted oil mixture was slowly (about 12 mi/min) added to the solution
of precursors and leghemoglobin, while increasing the stirring rate to 450 RPM.

The resulting thick emulsion was maintained at the same temperature and stirring
rate for 23 min after the oil was added. The emulsion then was transferred to a 600 ml
beaker and placed on ice and into the refrigerator for rapid cooling. When the emulsion
reached 25°C, 0.35 g of algal vegetable oil and 0.35 g of acetoin were added to the
emulsion and rapidly mixed in with a spatula. Lactones for improved flavor and masking
off-flavors (as described in Example 31) were added in the following amounts: 5-cthyl-4-
hydroxy-2-methyl-3(2H)-furanone was added to a final concentration of 2.5%107° %,
butyrolactone was added to a final concentration of 2.5% 107 %, and &-tetradecalactone
was added to a final concentration 5%*107 %. The emulsion was homogenized for 2.5 min
using a hand-held homogenizer at setting 6. The emulsion was incubated at 4°C until it
was fully solid.

After solidification, the adipose replica emulsion was off-white to a slightly
browned color, waxy solid at room temperature, with flavors that were characterized as
savory, meaty, bloady, and chicken fat-like. When incorporated into the ground beef
replica, the stickiness of the replica was increased as was the ability of the replica to be

handicd and shaped.

EXAMPLE 24

Preparation of adipose replica emulsion stabilized by sev conglvcinin protein

To prepare 100 g of adipose replica, 1.5 g of isolated soy conglycinin powder
from Example 4 was dissolved in 28.5 ml of water and placed on a hot stir plate. Ina
separate container, 70 g of coconut oil (Shay and company) were melted in a 60°C water
bath. The melted oil mixture was slowly (about 12 mi/min) added to the solution of

purified protein under constant stirring. The resulting ermuision was heated up to 90°C
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temperature and maintained at this temperature for 5 min. The emulsion then was
transferred to a 600 m] beaker and placed on ice and into the refrigerator for rapid
cooling. When the emulsion reached 25°C, 0.35 g of algal vegetable oil were added to the
emulsion and rapidly mixed in with a spatula. Lactones for improved flavor and masking
off-flavors (as described in Example 31) were added in the following amounts: S-cthyl-4-
hydroxy-2-methyl-3(2H)-furanone was added to a final concentration of 2.5%10-5 %,
butyrolactone was added to a final concentration of 2.5%10-8 %, and d-tetradecalactone
was added to a final concentration 5*10-9 %. The emulsion was homogenized for 2.5 min
using a hand-held homogenizer at setting 6 and incubated in the 4°C refrigerator until it
was fully solid. After solidification, the adipose replica emulsion was white to slight off-
white color, solid at room temperature, with bland, very neutral flavor and texture

characterized as similar to rendered beef fat.

EXAMPLE 25

Preparation of adipose replica emulsion stabilized bv sov conglvcinin protein bva

pH excursion method

To prepare 100 g of adipose replica, 0.5 g of isolated soy glycinin protein powder
from Example 4 was dissolved in 29.5 ml of water in a beaker. The pH of the protein
solution was adjusted to 12 using a 2 M solution of sodium hydroxide. In a separate
container, 70 g of coconut oil (Shay and company) were melted in a 60°C water bath.
The melted oil mixture was slowly (about 12 m¥/min} added to the solution of purified
protein undcer constant stirring. 0.35 g of algal vegetabic oil were added to the cmulsion
and rapidly mixed in with a spatula. The pH of the protein solution was adjusted to 12
using a 2 M solution of sodium hydroxide, and the emulsion was homogenized for 30 s
(thirty seconds) using a hand-held homogenizer at setting 6 and incubated at 4°C until it
was fully solid. After solidification, the adipose replica emulsion was white to slight off-
white color, solid at room temperature, with bland, very neutral flavor and cottage

cheese-like texture.
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EXAMPLE 26

Adding carotenoids in flaver emulsion to increase meaty flavers

Each carotenoid (canthaxanthin, -carotene, lutein, or lycopene) (Shay and
company, Milwaukie, OR) was individually dissolved in cocenut oil or water at 10%,
dependent on solubility. The carotenoids were added to the flavor emulsion before
cooking by mixing a solution of LegH at .5%, 1x precursor mix 1 (Table 1), 30% RBD
coconut oil, and the individual 10% carotenoid solutions (final carotenoid concentration
in emulsion was 0.025%), and stirring the mixture as it was heated until boiling, then
simmered at 2 low boil for 10 minutes. Additional algal vegetable oil at 0.7% was added
for additional precursors for flavor creation as described in Example 32. Lactones for
improved flavor and masking off-flavors (as described in Example 31) were added in the
following amounts: 5-cthyl-4-hydroxy-2-methyl-3(2H)-furanonc was added to a final
concentration of 2.5%10-5 %, butyrolactone was added to a final concentration of 2.5%10-
8 %, and d-tetradecalactone was added to a final concentration 5%¥10-9 %. The emulsion
was homogenized for 2.5 min using a hand-held homogenizer at setting 6 then incubated
at 4°C until it was fully solid. The emulsions were then added to the taco meat prepared
as described in Exaraple 30. The samples then were compared with the different
carotenoids to a control with no carotenoids added. The samples were evaluated by at

least five trained flavor scientists. The results are summarized in Table 15.
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TABLE 15
Flaver descriptions from tacos tasted with flaver emulsion prepared with different

carotenoids

canthaxanthin

more brown (2)%, similar

to control (2), lower
green floral/veg (2),
toasted grain (2), more
fatty (2),
odd/chemical/vitamin{2)

sweet, more beefy, less grain, sl*
floral

B-carotene

more meaty/beefy (3),
more fatty (2), less
green/floral off, less

more savory, less savory, sl bitter, sl

carrot, sl bland

chickeny
lutein similar to control (3), lower green floral, floral,
more brown (2) cardboard/grain, more butter,
vegetable stock, pleasant, no off
flavors
lycopene fatty (2), grain (3) lower green/floral/grain, more
vegetable, less meaty, less off, savory,
same as control
*slightly

YNumbers in parentheses indicate the number of tasters with that response.

EXAMPLE 27

Assemblv and cooking of burger

A replica burger containing the ingredients in Table 16 was prepared.
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TABLE 16
Composition of Burger
Ingredient Ye
Meat dough (Example 16) 26.9
Bloody agar (Example 21) 339
Flavored emulsion (Example 21) 20.0
Soft connective tissue (Example 7) 19.2
Total 100.0

Chilled meat dough was ground using a stand mixer fitted with a food grinder
attachment (KITCHENAID® Professional 600 Series 6 Quart Bowl-Lift Stand Mixer
model KP26M1XER and KITCHENAID® Food Grinder model FGA, St. Joseph, MI) on
speed setting 1. In this equipment, material is fed by a screw conveyor past a rotating
knife installed in front of a fixed-hole plate. Soft connective tissue was shredded using a
Universal Machine (UM-12, Stephen Machinery GmbH, Schwarzenbeck , Germany)
fitted with a blunt blade and run for 20 — 30 seconds at slow speed. Flavored emulsion
was chilled to -20°C and then chopped with a mini chopper (Mini-Prep® Plus Processor
model DLC-2L Cuisinart, Stamford, CT) in a single step process. Approximate 400g of
craulsion was placed in the mini chopper and proccssed on the chop sctting for 60
seconds to yield pieces of 1 — 3 mm in length.

Ground meat dough, shredded soft connective tissue, and flavored emulsion
pieces were then mixed. During mixing, the mixture was kept at -5 to 4°C to prevent the
fat from melting. The bloody agar was then added and mixed until it was thoroughly
incorporated. The total batch size was T kg. 50 g or 150 g portions of ground tissue then
were formed by hand into round patty shapes. Typical dimensions for 50 g patties were
55 mm x 15 mm. Typical dimensions for 150 g pattics were 100 mm x 22 mm. Pattics
were refrigerated until cooked. Pattics were cooked on a preheated (325 — 345°F) non-
stick skillet and heated to an internal teraperature of 160°F while flipping every 2
minutes. Cooked patties had an appearance, texture, and flavor similar to ground beef.
In addition to cooking in patty format, the unformed material also can be used in a variety

of dishes such as taco filling, casseroles, sauces, toppings, soups, stews, or loaves.
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EXAMPLE 28

Assembly and cooking of burger

A replica burger containing the ingredients in Table 17 was prepared.

TABLE 17
Composition of Burger

Ingredient Y%
Meat dough (Example 17) 26.8
Fat emulsion (Example 23) 20
Soft connective tissue (Example 7) 19.2
Bloody agar (Example 22) 13.9
Hydration liquids 10.5
Soy conglycinin, dry 10.5
Total 100.0

Chilled meat dough was ground using a stand mixer fitted with a food grinder
attachment (KITCHENAID® Professional 600 Series 6 Quart Bowl-Lift Stand Mixer
model KP26M1XER and KITCHENAID® Food Grinder model FGA, St. Joseph, MI) on
speed setting 1. Soft connective tissue was shredded using a Universal Machine (UM-12,
Stephan Machinery GmbH, Schwarzenbeck , Germany) fitted with a blunt blade and run
for 20 - 30 scconds at slow speed. Flavored emulsion was chilled to -20°C and then
chopped with a SALADSHOOTER® National Presto Industries, Inc. Eau Claire, W) to
yield pieces of 1 — 3 mm in length. Ground meat dough, shredded soft connective tissue,
flavored emulsion pieces, and dry soy conglycinin were then mixed. During mixing, the
mixture was kept at -5 to 4°C to prevent the fat from melting. Hydration liquids (a 1:1
mixture of leghemoglobin and 17x Liquid Magic mix as described in Example 22) were
then added and the mixture was held at 4°C for a minimum of 15 minutes to allow the
dry soy conglycinin to hydrate. Finally bloody agar was added and mixed until it was

thoroughly incorporated. The total batch size was 200 g. 50 g portions of ground tissue
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then were formed by hand into round patty shapes. Typical dimensions for 50 g patties
were 55 mm x 15 mm. Patties were refrigerated until cooked. Patties were cooked on a
preheated (325 — 345°F) non-stick skillet and heated to an internal temperature of 170°F
while flipping every minute. Cooked patties had an appearance, texture, and flavor
similar to ground beef. In addition to cooking in patty format, the unformed material also
can be used in a variety of dishes such as taco filling, casseroles, sauces, toppings, soups,

stews, or loaves.

EXAMPLE 29

Assemblv and cooking of burger with 18% meat dough

A replica burger containing the ingredients in Table 18 was prepared.

TABLE 18
Composition of Burger

Ingredient Y
Meat dough (Example 17) 10
Fat emulsion (Example 23) 20
Soft connective tissue (Example 7) 36
Bloody agar (Example 22) 13.0
Hydration liquids 10.5
Sey conglycinin, dry 10.5
Total 100.0

Chilled meat dough was ground using a stand mixer fitted with a food grinder
attachment (KITCHENAID® Professional 600 Series 6 Quart Bowl-Lift Stand Mixer
model KP26M1XER and KITCHENAID® Food Grinder model FGA, St. Joseph, Mi) on
speed setting 1. Soft connective tissue was shredded using a Universal Machine (UM-12,
Stephan Machinery GmbH, Schwarzenbeck, Germany) fitted with a blunt blade and run
for 20 — 30 seconds at slow speed. Flavored emulsion was chilled to -20°C and then
chopped with a SALADSHOOTER® National Presto Industries, Inc. Eau Claire, W1) to
yield pieces of 1 — 3 mm in length. Ground meat dough, shredded soft connective tissue,

flavored craulsion picees, and dry soy conglycinin were then mixed. During mixing, the
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mixture was kept at -5 to 4°C to prevent the fat from melting. Hydration liquids (a 1:1
mixture of leghemoglobin and 17x Liquid Magic mix as described in Example 22) were
then added and the mixture was held at 4°C for a minimum of 15 minutes to allow the
dry soy conglycinin to hydrate. Finally, bloody agar was added and mixed until it was
thoroughly incorporated. The total batch size was 200 g. Fifty (50) g portions of ground
tissue then were formed by hand into round patty shapes. Typical dimensions for 50 g
patties were 55 mm x 15 mm. Patties were refrigerated until cooked. Patties were
cooked on a preheated (325-345°F) non-stick skillet and heated to an internal
temperature of 170°F while flipping every minute. Cooked patties had an appearance,
texture, and flavor similar to ground beef. In addition to cooking in patty format, the
unformed material also can be used in a varicty of dishes such as taco filling, casseroles,

sauces, toppings, soups, stews, or loaves.

EXAMPLE 30

Assembly and cooking of “taco meat”

A replica “taco meat” containing the ingredients in Table 19 was prepared.

TABLE 19
Composition of Burger
Ingredient Y
Meat dough (Example 17) 299
Fat emulsion (Example 23) 223
Soft connective tissue (Exaraple 7) 21.5
Bloody agar (Example 22) 14.5
Hydration liquids 11.7
Total 100.0

Chilled meat dough was ground, soft connective tissue was shredded, and the
flavored ernulsion was chopped as described in Example 28. Ground meat dough,
shredded soft connective tissue, and flavored emulsion pieces were then mixed. During
mixing, the mixture was kept at -5 to 4°C to prevent the fat from melting. Hydration
hiquids (a 1:1 mixture of leghemoglobin and 17x Liquid Magic mix as described in
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Example 22} and bloody agar was then added and mixed. The total batch size was 20 g.
The mixed tissue was then cooked on a preheated (325 — 345°F) non-stick skillet to
160°F. Cooked tissue had an appearance, texture, and flavor similar to ground beef. The
material resembled taco meat in appearance; without the 78 protein, the meat did not firm

up and stick together as much.

EXAMPLE 31

Using lactomes as masKing agents

Lactones were diluted in either water or oil depending on solubility. The diluted
lactones were then added to the flavored emulsion (Example 23) as indicated in Table 20
and homogenized. The final concentrations of the lactones are given in Table 20. The
flavored emulsion was added for a final of 20% of the ground meat (¢.g., taco meat} (all
components of the meat replica without RuBisCO). The flavored emulsion was mixed
with meat dough, connective tissue, magic mix, and heme as indicated in Example 17 but
without the RuBisCO. The ground meat was then tested by five trained flavor scientists
for overall taste, any reduction in off flavors, and overall improvement. The summarized
results are indicated in Table 20. The addition of particular lactones and combinations of
lactones resulted in a decrease in off flavors including grain, eggy, bitterness, livery, and
mushroom. Unique combinations were required for particular masking properties like
bitterness. The lactones also increased desired flavors of creamy, buttery, caramelized,

fatty, fresh, and fruity.
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TABLE 2¢ <
Sensory data on addition of lactenes as masking agents in meat replicas S
o
oy
[0
(7
=)
d
E=)
Butyrolactone 2.5%10° y-Octalactone 2.5 *10°¢ - - 80% Sour, savory Bitterness
Delta-Tridecalactone 2.5 *10° 5-Ethyl-4-hydroxy-2-methyl- | 2.5 *10°% - - 75% Salty, savory, Bitterness
3(2H}-furanone creamy/buttery
2{3H}-Furanone, 2.5% 10-8 | 5-Ethyl-4-hydroxy-2-methyl- | 2.5 *10° - - 75% Blang, fatty, Bitterness,
Dihydro-5-Methyi 3(2H)-furanone salty grain
2{3H}-Furanocne, 2.5*10°¢ 5-Ethyl-4-hydroxy-2-methyl- | 2.5 *10° Delta- 2.5*10° | 83% Buttery, fatty, Eggy, grain
Dihydro-5-Methyi 3{2H}-furanone Tridecalactone bright/bitter,
savory
2{3H}-Furanone, 2.5%10¢ 5-Ethyl-4-hydroxy-2-methyl- | 2.5 *10°° Delta- 25*%10° | 83% St sweet, fatty Grain -
Dihydro-5-Methyi 3{2H}-furanone Tridecalactone f.}
oo
@
n
-
%
S
o
N
~J
- o
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Butyrolactone 2.5%10¢ 5-Ethyl-4-hydroxy-2-methyl- | 2.5 *10° y-Octalactone 2.5%107 83% Creamy, metallic | Eggy <
3{2H}-furanone =
b:
5
- O
Gamma Decalactone 5* 10~ 40% Caramelized/aro | Grain §
matic sweet, &
salty
Delta-Tridecalactone | § * 10° 60% Caramelized/aro | Mushroom
matic sweet
Defta-dodecalactone 1*10° 60% Buttery, Grain
fatty/oily, sl
beefy
4-hydroxy-2,5- 1*10° 60% s Grain
dimethyl-3(2H}- sweet/carameliz
furanone ed
y-Octalactone 1*10° 80% Fatty, Grain
sweet/carameliz
ed
" =~
Butyrolactone 2.5 *10°% 83% Bright/sharp/ Eggy (_3
bitter, sweet, =
»
fatty ]
-
Q
S
o
N
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o
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S-Tetradecalactone 5%10° 83% Brothy, fatty Eggy, grain

2{3H}-Furanone, 5*10° 100% Mild savory, Eggy, grain
Dihydro-5-Methyi slight sweet

999¢6 /5107 OM
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EXAMPLE 32
Adding polvunsaturated fats for the ereation of meaty fat flavor
Algal vepetable oil (DSM life’s omega 45 02412-0100) was added to the flavored

emulsion (Example 23), and then homogenized, for a final concentration of 0.07% in the
meat replica. The flavor emulsion was added to the replica as described in Example 27.
The addition of algal vegetable oil resulted in a replica with an increase in tallow taste,
fattiness, and overall meatiness, as described by trained flavor scientists.

The addition of aigal oil increased the precursors including eicosapentacnoic acid
and docosahexaenoic acid that are needed for the creation of fatty flavor molecules. As
detected by SPME Gas chromatography-mass spectrometry (GC-MS), the addition of
algae oil to the precursor mix and hemoglobin as compared to the control without algal
oil created flavors including nonane, (E,E)-3,5-octadien-2-one, 1-hepten-3-0l, 1-penten-
3-one, 2-propyl furan, n-caproic acid vinyl ester, 3-cthyl-2-methyl-1,3-hexadiene, 1-
ethyl-5-methylcyclopentene, trans-2-(2-pentenyl)furan, 1-penten-3-ol, 4,7-dimethyl-
undecane, [-octanol, 3-ethyi-pyridine, 3-ethylcyclopentanone, (Z)-2-octen-1-0l, 2-n-
heptylfuran, (Z)-2-decenal, hexanoic acid, (E,E)-2,4-nonadienal, 6-methyl-2-heptanone,
(Z)-2-heptenal, (E,E)-2,4-heptadienal, 1-hexanol, (E,E)-2,4, decadienal, (E,Z)-2,6-

nonadienal, and 1-octen-3-ol.

EXAMPLE 33

Creating Cucumis slurries for meat replicas

To create a boiled cucumber slurry, an entire non-permeated crisp varicty
cucumber (with the skin not peeled off or otherwise disrupted) was used. A water bath
was heated to 80-90°C, and the entire cucumber was placed into the water bath and
cooked until the internal temperature of the cucumber was equilibrated with the
temperature of the water bath, around 30 minutes for this example. The cucumber then
was taken out of the bath and the skin of the cucumber was completely removed from the
flesh. The flesh was blended with the seeds and then sieved to separate out any of the

larger particulates. The blended fiesh then was used as the slurry and added to the meat
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replicas. This same method was used with other varieties in the Cucumis genus including

honeydew melon and cantaloupe.

EXAMPLE 34

Creating Cucumis extracts using solvent assisted flavor extraction

An extract was created using solvent assisted flavor extraction (SAFE), and water
as the solvent. SAFE works by pulling the flavor compounds out of the material with
pressure and a slightly elevated temperature.

An extract was created by removing all the skin of a crisp variety cucumber, and
cutting the cucumber into pieces then blended with a magic bullet. The cucumber slurry
was then poured into the sample inlet of the SAFE glassware that was under pressure
using an Edwards 12 floor vacuum, and the temperature was sct at 40°C with a water
pump, and a warm water-bath for the sample round bottom flask. A small amount (2-4
mL of sample) of the cucumber slurry was put in the sample round bottora flask. The
slurry immediately appeared to boil as it traveled into the sample round bottom flask.
When the visual boiling stopped, more sample volume was added to the sample round
bottom flask. This continued until the entire sample was let into the SAFE glassware
setup. Once the entire sample was gone, the sample keep extracting as the water bath
reach 40°C then extracted for additional 20 minutes. As the extract was taking place the
collection round bottom flask was submerged in liquid nitrogen and cold finger inlet
filled with liquid nitrogen. The extract was then collected from the collection round

bottom flask.

EXAMPLE 38

Adding Cucumis liguid to meat replicas to increase meatiness and fattiness by

adding to gelled matrix

Bloody agar as outlined in Example 22 was made as described other than with the
addition of Cucumis liquid replacing DI water. The Cucumis liquid was one of the
following: (i) a commercially available water extract from a cantaloupe melon, added at

% of the DI water, (ii) — (v) a slurry, cooked or not cooked, of cither honeydew melon
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(6.25%) or cucumber (3.2%) as described in Example 33, or (vi) solvent assisted flavor
extract of cucumber (pressure distillate) as described in Example 34. The addition of
these cucumber and melon extracts brings certain clements of a meaty flavor profile to
enhance the overall preferences and meatiness of replicas. As demonstrated by SPME
GC-MS, and confirmed as odor active compounds by trained flavor scientist using GCO,
many of the compounds are aldehydes, lactones, many of which are seen in beef,
Compounds that are similar between beef and Cucumis include, without Himitation,
nonanal, 2-decenal, 2-nonenal, 2-heptenal, 2,6-nonadienal, 2,4-decadienal, 2-undecenal,
2-octenal, 2-nonenal, dodecanal, 2,4-heptadienal, 2,6-nonadienal, 2,4-nonadienal, 2.4-
octadienal, decanal, 5-(methylenecyclopropyl)-pentanal, 6-nonenal, 3,7-dimethyl 1,6-
octadien-3-0l, 2-nonen-1-ol, 3-nonen-1-o0l, 3,5-octadien-2-one, 2,3-butanedione, 2-
methyl-cyclopentanone, 2-butanone, a-ionone, 6-octen-2-one, dihydro-5-penty! -2(3H)-
furanone, I-menthone, n-caproic acid vinyl ester, 4-methyloctanoic acid, and acetic acid
ethenyl ester.

When the bloody agar with the extracts were added to meat replicas as described
in Example 30, there was an increase in sweet aromatics, fattiness, and in some cases
tallow and beefy flavors, see Table 21 for the full description frora five trained flavor
scientist of additional flavor notes that were not seen in the control and blind control.
Additionally, it was observed that the addition of these melon and cucumber extracts also
decreases the perception of off flavors including grainy, carthy, woody, and astringent.

Three of these extracts were tested in a formal descriptive panel with 8 trained
panclists and comparcd to onc control replica indicated as such, a blind control not
indicated as a control, 80:20 beef, and three additional samples with the Cucumis liquid
(cooked cucumber shurry tested at 0.37% of the final taco meat, cooked honeydew slurry
tested at 0.73% of the final taco meat, and Cantaloupe extract (from TREATT) at 0.24%
of the final taco meat). The results showed that all three samples were rated as higher in
fattiness and sweet aromatics, with a decrease in off notes of earthy, grainy, astringent,
and green. The cantaloupe extract had an additional off note from the controf of a sweet

melon flavor unlike what is tasted in beef. The other two samples the cooked honeydew
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slurry and cucumber slurry made as described in Example 33, were both rated as higher

in meatiness and fattiness than both controls, and had no additional off notes described.
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TABLE 21
Flavor descriptions from adding Cucusmis liquid to meat replicas

Cooked Fatty, buttcr, fresh, sweet, mouthwatcring, and fatty Green, grain,
honeydew mouth coating carthy

slurry

Cooked Beef tallow, more buttery, fatty, fresh, fruit, fatty Green, grain,
cucumber mouth coating carthy

shurry

Honeydew | Savory, melon, slight butter, pork, sweet aromatic, Green, grain,
slurry fatty, mouthwatering, mouth coating earthy
Cucumber Fruity, fatty, cacumber, vegetable stock and melon Green, grain,
shurry carthy
Cantaloupe | Sweet, fruity, aromatic, slight butter, melon, candy Green, grain,
cxtract earthy
Cucumber Less chicken, freshness, sweet, little cucumber Green, grain,
SAFE carthy

OTHER EMBODIMENTS

It is to be understood that while the invention has been described in conjunction
with the detailed description thereof, the foregoing description is intended to illustrate
and not limit the scope of the invention, which is defined by the scope of the appended
claims. Other aspects, advantages, and modifications arc within the scope of the

following claims.
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WHAT IS CLAIMED IS:

1. A meat replica compasition comprising:
(a) about 5% to about 88% by weight of a meat dough;
(b) about 0% to about 40% by wcight of a carbohydrate-bascd gel;
(c) about 5% to about 35% by weight of a non-animal fat;
(d) about 0.00001% to about 10% by weight of a flavoring agent;
(e) about 0% to about 15% by weight of a binding agent; and
(f) about 0.01% to about 4% by weight of a heme-containing protein and/or an

iron salt.

2, The composition of claim 1, wherein said meat dough comprises a flavoring
agent,
3. The composition of claim 1 or 2, wherein said non-animal fat comprises a

flavoring agent.

4. The composition of any one of claims 1-3, wherein said meat dough is about 45%

to about 60% by weight of said composition.

5. The composition of any one of claims 1-4, wherein said carbohydrate-based gel is

about 10% to about 25% by weight of said composition.

6. The composition of any one of claims 1-5, wherein said non-animal fat is about

10% to about 15% by weight of said composition.

7. The composition of any one of claims 1-6, wherein said flavoring agent is about

3% to about 7% by weight of said composition.

&. The composition of any one of claims 1-7, wherein said flavoring agent comprises

one or more flavor precursors.

9. The composition of any one of claims 1-7, wherein said flavoring agent is about
0.001% to about 2% by weight of said composition.
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10.  The composition of claim 9, wherein said flavoring agent comprises a flavoring or

a flavoring compound.

11 The composition of any one of claims 1-10, wherein said flavoring agent is a

combination of a flavoring and onc or morc flavor precursors.

12. The composition of any one of claims 1-11, wherein said binding agent is about

2% to about 10% by weight of said composition.

13. The composition of any one of claims 1-12, wherein said binding agent comprises
one or more proteins that have been chemically or enzymatically modified to improve
their textural and/or flavor properties, or to modify the denaturation and gelling

temperature of the one or more proteins.

14.  The composition of any one of claims 1-13, wherein said heme-containing protein

is about 0.01% to about 2% by weight of said composition.

15.  The compesition of any one of claims 1-14, wherein said composition comprises

said heme-containing protein and said iron salt.

16. The composition of any one of claims 1-15, wherein said meat dough comprises
an isolated plant protein, an edible fibrous component, an optional flavoring agent, and an

optional non-animal fat.
17.  The composition of claim 12, wherein said binding agent is a conglycinin protein.

18. A mcat replica composition comprising:
(a) about 5% to about 80% by weight of a meat dough;
(b) about 5% to about 35% by weight of a non-animal fat;
(c) about 15% to about 40% by weight of an edible fibrous component;
(d) about 0.1% to about 18% by weight of a carbohydrate-based gel;
(e) about 0% to about 10% by weight of a flavoring agent;

(f) about 0.5% to about 15% by weight of a binding agent; and
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(g) about 0.1% to about 8% by weight of a heme-containing protein and/or an iron

salt.

19. The meat replica composition of claim 18, comprising:
(a) about 20% to about 30% by wcight of a mcat dough;
(b) about 15% to about 25% by weight of a non-animal fat;
(c) about 15% to about 25% by weight of an edible fibrous component;
(d) about 7% to about 1&% by weight of a carbohydrate-based gel;
(e) about 0% to about 10% by weight of a flavoring agent;
(f) about 5% to about 15% by weight of a binding agent; and
(2) about 2% to about 8% by weight of a heme-containing protein and/or an iron

salt.

20. A method of making a ground meat replica, said method comprising:

(a) heating a dough to a temperature ranging from 150°F to 250°F, said dough
comprising an isolated plant protein, an optional edible fibrous component, one or more
optional flavoring agents, and an optional non-animal fat;

(b} combining said dough, after heating, with a non-animal fat, said non-animal
fat optionally containing a flavoring agent and/or an isolated plant protein; and

(¢) combining the dough from step (b) with a carbohydrate-based gel, an optional
cdible fibrous componcnt, an optional binding agent, a highly conjugated heterocyclic
ring complexed to an iron ion and/or an iron salt, and one or more optional flavoring

agents to make said ground meat replica.

21, The method of claim 20, said method further comprising breaking the dough from
step (b) into pieces before combining with said carbohydrate-based gel, said optional
edible fibrous component, said optional binding agent, said highly conjugated
heterocyclic ring complexed to an iron ion and/or said iron salt, and one or more optional

flavoring agents.

22. A method of flavoring a meat dough, said method comprising:
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(a) combining a first highly conjugated heterocyclic ring complexed to an iron ion
and/or a first iron salt with one or more flavor precursors and an optional non-animal fat;

(b} heating the mixture to form one or more flavor compounds; and

(c) making a dough comprising an isolated plant protein, an optional edible

fibrous component, and the mixture from step (b).

23.  The method of claim 22, further comprising:

(d) combining said dough, after heating, with a non-animal fat, said non-animal
fat optionally containing a flavoring agent and/or an isolated plant protein; and

(e) cornbining the dough of step (d) with a carbohydrate-based gel, an optional
binding agent, a second highly conjugated heterocyclic ring complexed to an iron ion
and/or a second iron salt, and one or more optional flavoring agents to make a ground

meat replica.

24, The method of claim 23, said method further comprising breaking the dough from
step (d) into pieces before combining with said carbohydrate-based gel, said optional
binding agent, said second highly conjugated heterocyclic ring complexed to an iron ion

and/or said second iron salt, and one or more optional flavoring agents.

25. A method of flavoring a meat dough, said method comprising:

(a) making a dough comprising an isolated plant protcin, an optional cdible
fibrous component, one or more optional flavoring agents, and an optional non-animal
fat;

{b) making a flavored non-animal fat by combining a non-animal fat with a highly
conjugated heterocyclic ring complexed to an iron ion and/or a first iron salt, and one or
more flavor precursors and heating the mixture; and

(¢) combining said dough, after heating, with said flavored non-animal fat.

26. The mcethod of claim 23, furthcr comprising combining the dough of step (¢) with
a carbohydrate-based gel, an optional binding agent, a second highly conjugated
heterocyclic ring complexed to an iron ion and/or a second iron salt, and one or more

optional flavoring agents to make a ground meat replica.
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27.  The method of claim 26, further comprising breaking the dough of step (c) before
combining with said carbohydrate-based gel, said optional binding agent, said second
highly conjugated heterocyclic ring complexed to an iron ion and/or said second iron salt,

and one or more optional flavoring agents.

28. A method of making a ground meat replica, said method comprising:

(a) combining an iron salt with one or more flavor precursors and an optional non-
animal fat;

(b) heating the mixture to form one or more flavor compounds;

(c) making a dough comprising an isolated plant protein, an optional edible
fibrous component, and the mixture from step (b);

(d) combining said dough, after heating, with a non-animal fat, said non-animal
fat optionally containing a flavoring agent and/or an isolated plant protein; and

{¢) combining the dough of step {d) with a carbohydrate-based gel, an optional
binding agent, an iron salt, an optional highly conjugated heterocyclic ring complexed to

an iron ion, and one or more optional flavoring agents to make said ground meat replica.

29.  The method of claim 28, further comprising breaking the dough from step (d) into
pieces before combining with said carbohydrate-based gel, said optional binding agent,
said iron salt, said optional highly conjugated heterocyclic ring complexed to an iron ion,

and onc or morc optional flavoring agents,

30. A method of making a ground meat replica, said method comprising:

{a) making a dough comprising an isolated plant protein, an optional edible
fibrous component, one or more optional flavoring agents, and an optional non-animal
fat;

(b) making a flavored non-animal fat by combining a non-animal fat with an iron
salt and one or more flavor precursors and heating the mixture;

{¢) combining said dough, after heating, with said flavored non-animal fat; and
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(d) combining the dough of step (¢) with a carbohydrate-based gel, an optional
binding agent, an iron salt, an optional highly conjugated heterocyclic ring complexed to

an iron ion, and one or more optional flavoring agents to make said ground meat replica.

31 The mcthod of claim 30, further comprising breaking the dough from step (¢)
before combining with said carbohydrate-based gel, said optional binding agent, said iron
salt, said optional highly conjugated heterocyclic ring complexed to an iron ion, and one

or more optional flavoring agents.

32. The method of any one of claims 20-31, wherein said iron salt is iron gluconate,
iron chloride, iron oxalate, iron mitrate, iron citrate, iron ascorbate, ferrous sulfate, ferric

pyrophosphate, or any other aqueous soluble salt.

33.  The method of claim 28, wherein a highly conjugated heterocyclic ring
complexed to an iron ion is combined with said iron salt, said one or more flavor

precursors, and said non-animal fat before heating said mixture.

34.  The method of claim 30, wherein a highly conjugated heterocyclic ring
complexed to an iron ion is combined with said non-animal fat, said iron salt, and said

one or more flavor precursors before heating said mixture.

35. The method of any one of claims 22-31, wherein said one or more flavor
precursors is a sugar, a sugar alcohol, a sugar acid, a sugar derivative, an oil, a free fatty
acid, an amino acid or derivative thercof, a nucleoside, a nucleotide, a vitamin, an acid, a

peptide, a phospholipid, a protein hydrolysate, a yeast extract, or 4 mixture thereof.

36. The method of claim 35, wherein said flavor precursor is sclected from the group
consisting of glucosc, fructosc, ribosc, arabinosc, ghicosc-6-phosphate, fructosc 6-
phosphate, fructose 1,6-diphosphate, inositol, maltose, sucrose, maltodextrin, glycogen,
nucleotide-bound sugars, molasses, a phospholipid, a lecithin, inosine, inosine
monophosphate (IMP), guanosine monophosphate (GMP), pyrazine, adenosine
monophosphate (AMP), lactic acid, succinic acid, glycolic acid, thiamine, creatine,

pyrophosphate, vegetable oil, algal oil, sunflower oil, corn oil, soybean oil, palm fruit oil,
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palm kernel oil, safflower oil, flaxseed oil, rice bran oil, cottonseed oil, olive oil,
sunflower oil, canola o1l, flaxseed oil, coconut oil, mango oil, a free fatty acid, cysteine,
methionine, isoleucine, leucine, lysine, phenylalanine, threonine, tryptophan, valine,
arginine, histidine, alanine, asparagine, aspartate, glutamate, glutamine, glycine, proline,
serine, tyrosine, ghutathione, an amino acid derivative, urea, pantothenic acid, ornithine,
niacin, glycerol, citrulline, taurine, biotin, borage oil, fungal oil, blackcurrant oil, betaine,
beta carotene, B-vitamins, N-Acetyl L-cysteine, iron glutamate and a peptone, or

mixtures thereof.

37.  The method of any one of claims 20-36, wherein said isolated plant protein in said

dough comprises wheat gluten.

38.  The mcthod of any onc of claims 20-36, wherein said isolated plant protein in said
dough comprises wheat gluten, a dehydrin protein, an albumin, a globulin, or a zein, or

mixtures thereof.

39.  The method of any one of claims 20-38, wherein said ground meat replica

comprises said optional edible fibrous component.

40.  The method of claim 39, wherein said optional edible fibrous cormponent
comprises plant fibers from carrot, bamboo, pea, broccoli, potato, sweet potato, corn,
whole grains, alfalfa, kale, celery, celery root, parsley, cabbage, zucchini, green beans,
kidney beans, black beans, red beans, white beans, beets, cauliflower, nuts, apple skins,

oats, wheat, or psyllium, or a mixture thereof.

41. The method of claim 39, wherein said optional edible fibrous component

comprises an extruded mixture of isolated plant proteins.

42, The method of claim 41, wherein said extruded mixture comprises wheat gluten

and soy protein isolate.

43, The method of claim 41 or claim 42, wherein said extruded mixture further

comprises a flavoring agent.

Motif Exhibit 1039, Page 1108 of 1288



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

WO 2015/153666 PCT/US2015/023679

44.  The method of claim 43, wherein said flavoring agent is a flavoring, a flavor

compound, or a flavor precursor.

45. The method of claim 44, wherein said flavoring is yeast extract, a protein

hydrolysatc, or an oil.

46. The method of claim 39, wherein said edible fibrous component is a solution-spun

protein fiber.

47. The method of claim 46, wherein said solution-spun protein fiber coraprises a
prolamin,
48.  The method of claim 47, wherein said prolamin is corn zein, pea prolamin,

kafirin, secalin, hordein, avenin, or a mixture thereof.

49.  The method of any one of claims 20-48, wherein said non-animal fat is an algal
oil, a fungal oil, com oil, olive oil, soy oil, peanut oil, walnut oil, almond oil, sesame oil,
cottonseed oil, rapeseed oil, canola oil, safflower oil, sunflower oil, flax seed oil, palm
oil, palm kernel o1l, coconut oil, babassu oil, shea butter, mango butter, cocoa butter,
wheat germ otl, borage oil, black currant oil, sea-buckhorn oil, macadamia oil, saw
palmetto oil, conjugated linoleic oil, arachidonie acid enriched oil, docosahexaenoic acid
{DHA) enriched oil, cicosapentacnoic acid (EPA) enriched oil, palm stearic acid, sea-
buckhorn berry oil, macadamia oil, saw palmetto oil, or rice bran oil; or margarine or

other hydrogenated fats.
50.  The method of any one of claims 20-48, wherein said non-animal fat is algal oil.

51. The method of claim 49 or claim 50, wherein said non-animal fat coraprises said

optional flavoring agent.
52.  The method of any one of claims 49-51, said non-animal fat comprising said

optional isolated plant protein.
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53.  The method of claim 52, wherein said optional isolated plant protein is a

conglycinin protein.

54. The method of any one of claims 20, 21, or 23-53, wherein said dough comprises

said flavoring agent.

55. The method of any one of claims 20-52, wherein said non-animal fat in said

dough comprises a flavoring agent.

56.  The method of claim 54 or claim 55, wherein said flavoring agent is selected from
the group consisting of a vegetable extract, a fruit extract, an acid, an antioxidant, a

carotenoid, a lactone, and combinations thercof.
57. The method of claim 56, wherein said antioxidant is epigallocatechin gallate.

38. The method of claim 56, wherein said carotenoid is futein, B-carotene, zeaxanthin,

trans-B-apo-8’-carotenal, lycopene, or canthaxanthin.

59.  The method of claim 56, wherein said vegetable extract is from a cucumber or
tomato.

60. The method of claim 56, wherein said fruit extract is from a melon or pineapple.
61.  The method of any one of claims 20-60, wherein said carbohydrate based gel has

a melting temperature between about 45°C and about 85°C.

62.  The method of claim 61, wherein said carbohydrate-based gel comprises agar,

pectin, carrageenan, konjac, alginate, chemically-modified agarose, or mixtures thereof.

63.  The method of any one of claims 20-62, wherein said ground rueat replica

comprises said optional binding agent.

64. The method of claim 63, wherein said optional binding agent is an isolated plant

protein.
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65.  The method of claim 64, wherein the denaturation temperature of said binding

agent is between about 40°C and about 80°C.

66. The method of claim 64, whercin said isolated plant protein is a RuBisCQO, an

albumin, a gluten, a conglycinin, or mixturcs thercof.

67. The method of claim 63, wherein said binding agent is a carbohydrate based gel

that becomes firm upon cooking to 140°F to 190°F.

68.  The method of claim 67, wherein said carbohydrate based gel comprises
methylcellulose, hydroxypropylmethyl cellulose, guar gum, locust bean gum, xanthan

gum, or a mixture thereof.
69. The method of claim 63, wherein said binding agent is egg albumin or collagen.

70.  The method of any one of claims 20-69, wherein said highly conjugated
heterocycelic ring complexed to an iron ion 18 a heme moiety, or a porphyrin,
porphyrinogen, corrin, cerrinoid, chlorin, bacteriochorophyll, corphin, chlorophyllin,

bacteriochlorin, or isobacteriochlorin moiety complexed to an iron ion.
71. The method of claim 70, wherein said heme moiety is a heme-containing protein.

72.  The method of claim 71, wherein said heme-containing protein is a non-symbiotic
hemoglobin, a Hell’s gate globin 1, a flavohemoprotein, a leghemoglobin, a heme-

dependent peroxidase, a cytochrome ¢ peroxidase, or a mammalian myoglobin.

73.  The mcthod of claim 71, whercin said heme-containing protein is a

feghemoglobin.

74.  The method of claim 73, wherein said leghemoglobin is from soybean, pea, or

cowpea.

75. A method of increasing the meat flavor or masking off flavors from plant material

in a food product, said method comprising adding, to said food product, one or more
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lactones at a concentration of 10~ 1o 107! of said food product, wherein said lactones are
selected from the group consisting of tetrahydro-6-methyl-2H-pyran-2-one, delta-
octalactone, 5-cthyldihydro-2(3H)-furanone, butyrolactone, dihydro-5-pentyl-2(3H)-
furanone, dihydro-3-methylene-2,5-furandione, I-pentoyl lactone, tetrahydro-2H-pyran-2-
one, 6-heptylictrahydro-2H-pyran-2-one, y-octalactone, S-hydroxymethyldihydrofuran-2-
one, 5-cthyl-2(5H)-furanone, S-acetyldihydro-2(3H)-furanone, trans-3-methyl-4-
octanolide 2(5H)-furanone, 3-(1,1-dimethylethyl)-2,5-urandione, 3,4-dihydroxy-5-
methyl-dihydrofuran-2-one, 5-ethyl-4-hydroxy-2-methyl-3(2H)-furanone, o-

tetradecalactone, and dihydro-4-hydroxy-2(3H)-furanone.

76.  The method of claim 75, wherein said lactones are 5-ethyl-4-hydroxy-2-methyl-

3(2H)-furanone, butyrolactone, y-octalactone, and d-tetradecalactone.

77. A method of increasing the meat flavor or masking off flavors from plant material
in a food product, said method comprising adding, to said food product, one or more
carotenoids at a concentration of between 0.00001% and 0.1% of said food product,
wherein said carotenoids are selected from the group consisting of -carotene,
zeaxanthin, lutein, trans-B-apo-8’-carotenal, lycopene, canthaxanthin, and combinations

thereof.

78.  The mcthod of any onc of claims 75-77, whercin said food product is a meat

replica.
79.  The method of claim 78, wherein said meat replica is free of animal products.
80. A method of increasing the meat flavor of a meat replica, said method comprising

adding, to said meat replica, a vegetable juice, a vegetable puree, a vegetable extract, a
fruit juice, a fruit puree, or a fruit extract to said meat replica at a concentration from

0.0001% to 10% of said meat replica.

81.  The method of claim 80, wherein said vegetable juice, vegetable puree, vegetable

extract, a fruit juice, a fruit puree, or a fruit extract is a Cucumis juice, puree, or extract.
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82. The method of claim 81, wherein said Cucumis juice, puree, or extract is from a

cucumber or a melon.

83. The method of any onc of claims 80-82, wherein said vegetable juice, vegetable
purce, vegetable cxtract, fruit juice, fruit purce, or fruit extract is cooked or otherwise

treated to denature proteins before adding to said meat replica.

84.  The method of any one of claims 80-83, wherein said meat replica is free of

animal products.

85. A food product or food replica product comprising a heme-containing protein and
one or more lactones at a concentration of 10~ to 107 of said food product, wherein said
one or more lactones are selected from the group consisting of tetrahydro-6-methyl-2H-
pyran-2-one, delta-octalactone, 5-cthyldihydro-2(3H)-furanone, butyrolactone, dihydro-
5-pentyl-2(3H)-furanone, dihydro-3-methylene-2,5-furandione, l-pentoyl lactone,
tetrahydro-2H-pyran-2-one, 6-heptyltetrahydro-2H-pyran-2-oune, y-octalactone, 5-
hydroxymethyldihydrofuran-2-one, S-ethyl-2(5H)-furanone, S-acetyldihydro-2(3H)-
furanone, trans-3-methyl-4-octanolide 2(5H)-furanone, 3-(1,1-dimethylethyl)-2,5-
urandione, 3,4-dihydroxy-5-methyl-dihydrofuran-2-one, 5-cthyl-4-hydroxy-2-methyl-

3(2H)-furanone, d-tetradecalactone, and dihydro-4-hydroxy-2(3H)-furanone.

86.  The food product or food replica product of claim 85, wherein said one or more
lactones are S-ethyl-4-hydroxy-2-methyl-3(ZH)-furanone, butyrolactone, y-octalactone,

and d-tetradecalactone.

87. A food product or food replica product comprising a heme-containing protein and
one or more carotenoids at a concentration of between 0.00001% and 0.1% of said food
product, wherein said one or more carotenoids are selected from the group consisting of
B-carotene, zeaxanthin, lutein, trans-B-apo-8’-carotenal, fycopene, canthaxanthin, and

combinations thereof,
88.  The food product or food replica product of any one of claims 85-87, wherein said

food replica product is a meat replica.
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89.  The food product or food replica product of claim 88, wherein said meat replica is

free of animal products.

90. A food product or food replica product comprising (a) a heme-containing protein,
and (b) a vegetable juice, a vegcetable purce, a vegetable extract, a fiuit juice, a fruit

puree, or a fruit extract at a concentration from 0.0001% to 10% of said food product.

91.  The food product or food replica product of claim 90, wherein said vegetable
juice, vegetable puree, vegetable extract, a fruit juice, a fruit puree, or a fruit extractis a

Cucumlis juice, puree, or extract.

92.  The food product or food replica product of claim 91, wherein said Cucumis juice,

puree, or extract is from a cucumber or a melon.

93.  The food product or food replica product of any one of claims 90-92, wherein said
vegetable juice, vegetable puree, vegetable extract, fruit juice, fruit puree, or fruit extract
was cooked or otherwise treated to denature proteins before being added to said food

replica product.

94.  The food product or food replica product of claim 93, wherein said vegetable
Juice, vegetable puree, vegetable extract, fruit juice, fruit puree, or fruit extract was
heated to a teraperature of about 60°C to about 100°C before being added to said food

replica product.

95.  The food product or food replica product of any one of claims 90 to 94, wherein

said food product is free of animal products.

96.  The food product or food replica product of any one of claims 85 to 95, further
comprising one or more of a meat dough, a carbohydrate-based gel, a non-animal fat, and

a binding agent.

97. A food replica product comprising one or more lactones at 4 concentration of 107

to 107 of said food product, wherein said one or more lactones are selected from the
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group consisting of tetrahydro-6-methyl-2H-pyran-2-one, delta-octalactone, 5-
ethyldihydro-2(3H)-furanone, butyrolactone, dihydro-5-pentyl-2(3H)-furanone, dihydro-
3-methylene-2,5-furandione, I-pentoyl lactone, tetrahydro-2H-pyran-2-one, 6-
heptyltetrahydro-2H-pyran-2-one, y-octalactone, 5-hydroxymethyldihydrofuran-2-one, 5-
ethyl-2(SH)-furanone, S-acetyldihydro-2(3H)-furanone, trans-3-methyl-4-octanolide
2(5H)-furanone, 3-(1,!-dimethylethyl}-2,5-urandione, 3,4-dihydroxy-5-methyl-
dihydrofuran-2-one, S-ethyl-4-hydroxy-2-methyi-3(2H)-furanone, d-tetradecalactone, and
dihydro-4-hydroxy-2(3H)-furanone.

98.  The food replica product of claim 97, wherein said one or more lactones are 5-
ethyl-4-hydroxy-2-methyl-3(2H)-furanone, butyrolactone, y-octalactone, and o-

tetradecalactone.

99. A food replica product comprising one or more carotenoids at a concentration of
between 0.00001% and 0.1% of said food product, wherein said one or more carotenoids
are selected from the group consisting of B-carotene, zeaxanthin, hutein, trans-B-apo-8°-

carotenal, fycopene, canthaxanthin, and combinations thereof.

100. A food replica product comprising a vegetable juice, a vegetable puree, a
vegetable extract, a fruit juice, a fruit puree, or a fruit extract at a concentration from

0.0001% to 10% of said food product.

101.  The food replica product of claim 100, wherein said vegetable juice, vegetable
puree, vegetable extract, a fruit juice, a fruit puree, or a fruit extract is a Cucumis juice,

puree, or extract.

102, The food replica product of claim 101, wherein said Cucumis juice, puree, or

extract is from a cucumber or a melon.

103.  The food replica product of claim 100-102, wherein said vegetable juice,
vegetable puree, vegetable extract, fruit juice, fruit puree, or fruit extract was cooked or

otherwise treated to denature proteins before being added to said food replica product.
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104.  The food replica product of claim 103, wherein said vegetable juice, vegetable
puree, vegetable extract, fruit juice, fruit puree, or fruit extract was heated to a
temperature of about 60°C to about 100°C before being added to said food replica

product.

105.  The food replica product of any one of claims 97 to 104, wherein said food

product is free of animal products.

106. The food replica product of any one of claims 97 to 103, further comprising one
or more of a meat dough, a carbohydrate-based gel, a non-animal fat, and a binding

agent.

107.  The food replica product of any one of claims 97 to 105, wherein said food replica

product is a meat replica.

108.  The food replica product of any one of claims 97 to 105, wherein said food replica

product is a cheese replica.

109.  The food replica product of claim 108, wherein said cheese replica comprises a

nut milk, a cross-linking enzyme, or a cheese culture.

110. A ground meat replica comprising:

{(a) a dough comprising an isolated plant protein, an optional edible fibrous
component, one or more optional flavoring agents, and an optional non-animal fat;

(b) a non-animal fat, said non-animal fat optionally containing a flavoring agent
and/or an isolated plant protein; and

(c) a carbohydrate-based gel, a binding agent, a highly conjugated heterocyclic
ring complexed to an iron ion and/or an iron salt, an optional cdible fibrous component,

and one or more optional flavoring agents,

111, The ground meat replica of claim 110, wherein said binding agent is an isolated

plant protein.
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112, The ground meat replica of claim 110, wherein said isolated plant protein is a

RuBisCQ, an albumin, a gluten, a conglycinin, or mixtures thereof.

113.  The ground meat replica of claim 110, wherein the denaturation temperature of

said binding agent is between about 40°C and about 80°C.
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Search terms used: "meat replica” isolated plant protein dough cucumis juice cucumber food flavor meat vegstarian

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category® Ciutation of document, with indication, where appfropriaze, of the relevant pagsages ’ Rcl;:vant 10 claim No.
X US 2008/0254159 A1 (ORCUTT et al) 186 October 2008 (16.10.2008) entire decument 9g, 100, 103, 104
Y
102, 113
Y WO 2013/010042 A1 {(SAND HILL FOODS INC) 17 January 2013 (17.01.2013) entire docurmernt | 1-3, 18-27, 33-36, 85-94,
110-113
Y US 2006/0204644 A1 (CAVALLINI et af) 14 September 2006 {14.09.2006) entire document 1-3. 18-36, 77-83,
. 110-113
Y US 2002/0034570 A1 (KRAMMER et al) 21 March 2002 {21.03.2002) entire document 75,78, 85, 86, 97, 98
% US 2003/0212281 A1 (SINHA et al) 13 November 2003 (13.11.2003) entire document 75,76, 85, 86, 97, 98
Y , WO 2013/010037 At (LYRICAL FOODS INC) 17 January 2013 (17.01.2013) entire document 75,76, 97,98
Y US 2010/0310738 A1 (LUDWIG) 09 December 2010 (09.12.2010) entire document 81, 82, 91, 82, 101, 102

3
D Further documents are listed in the continuation of Box C.

i

[

* Special ¢ategories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E™ carlier application or patent but published on o aficr the international

filing date

document which may throw doubts on prionity claim(s) or which is

cited to establish the publication date of another sitation or other

special reason (as specified)

=0y document referring 10 an oral disclosure, use, exhibition or other

means

document published prior to the international filing date but later than

the priority date claimed

up

“T"  later document published after the international filing date or priority
date and not in conflict with the application but cited to undersiand

the principte or theory underlying the invention

“X" document of pariicular relevance; the claimed invention cannot be
considered nevel or cannot be considered 1o involve an inventive

siep when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered te invoive an invenlive sicp when the document is
combined with ane or more other such documents, such combination
being obvious 10 a person skilled in the ant

“&” document member of the same patent family

Date of the actual completion of the international search

26 May 2015

Datc of mailing of the international search report

28 AUG 2015

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.Q. Box 1450, Alexandna, Virginia 22313-1450

Facsimile No.  571-273-8300

Authorized officer:
Blaine R. Copenheaver

PCT Halpdask: 571-272-4200
PCT OSP: 571-272-7774 . i

Form PCT/ASA/210 (second sheet) (July 2009)

Motif Exhibit 1039, Page 1118 of 1288




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

INTERNATIONAL SEARCH REPORT International application No.
PCTIUS2015/023679

Box No. §§ Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This intemational search report has not been established in raspect of certain claims under Article 17(2)(a) for the following rcasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, hamely:

2. L_] Claims Nos.:

because they relate 1o pants of the international application that do mot comply with the. prescribed requzremems i such an
extent that no meaningful \ntemalmnal search can be camried out, specifically:

3. Claims Nos.: 4-17, 37-74, 84, 95, 95 105-108
bcc.ause they are dependent claims and are not drafled in accordance with the second and third sentences of-Rule 6. 4{a).

Box No. 11} Observations where unity of invention is Jacking (Continuation of item 3 of first sheet)

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

1 D As all required additional search fees were timely paid by the apphcam this international search report covers ali searchable
claims.

2. D As all searchable clmms could be ';Lan:hed without effort _;usufymg additional fees, this Authority did not invite payment of
addmonal fees. .

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

<

4. D No required additional search fees were timely paid by the applicant. Consequently, this international scarch report is
restricied (o the invention first mentioned in the claims; il is covered by claims Nos.:

Remark on Protest D The additional scarch fecs were accompanied bv the applicant’s protest and, where zpnhwb!c the
. payment of a protest fee.

!j The additional search fees were accompanied by the applicant’s proiest but the apphcablc protest

fee was not paid within the time limit specified in the invitaiion.

.

D No protest accompanied the paymcntof‘addﬁional search fees,

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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Electronic Patent Application Fee Transmittal

Application Number: 15678342

Filing Date: 16-Aug-2017

. . EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING
Title of Invention:

METHYLOTROPHIC YEAST
First Named Inventor/Applicant Name: Smita Shankar
Filer: M. Angela Parsons/Kirsten Neuman
Attorney Docket Number: 38767-0048002
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:
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Description Fee Code Quantity Amount Suz-s'l'g(t;)l in
Miscellaneous:
SUBMISSION- INFORMATION DISCLOSURE STMT 1806 1 240 240
Total in USD ($) 240
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Electronic Acknowledgement Receipt

EFS ID: 33950861
Application Number: 15678342
International Application Number:
Confirmation Number: 1018
Title of Invention: EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING
: METHYLOTROPHIC YEAST
First Named Inventor/Applicant Name: Smita Shankar
Customer Number: 26191
Filer: M. Angela Parsons/Kirsten Neuman
Filer Authorized By: M. Angela Parsons
Attorney Docket Number: 38767-0048002
Receipt Date: 09-0CT-2018
Filing Date: 16-AUG-2017
Time Stamp: 11:07:34
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $240
RAM confirmation Number 100918INTEFSW00019676061050
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 e . . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
72083
1 Information Disclosure Statement (IDS) Transmittal.pdf no 1
Form (SB08)
7a5b378ba7d03266645535aed8f8025d1¢|
Warnings:
Information:
This is not an USPTO supplied IDS fillable form
128116
fi i i t |
2 Information Disclosure Statement (IDS) PTO_1449.pdf no 1
Form (SB08)
23d7dd7f796a7d7ee46e607f965199cf58a1
8549
Warnings:
Information:
This is not an USPTO supplied IDS fillable form
4239746
3 Foreign Reference W02015153666.pdf no 95
dd533a2627e72a51277fad8900957465bd by
8dcdé
Warnings:
Information:
812849
4 Non Patent Literature Krainer_2015.pdf no 9
8856e181fb28566698835f8087500245dd
9%7e
Warnings:
Information:
1340871
5 Non Patent Literature Liu_2014.pdf no 8
a378a0613196d7c57d864fd60409cf5496f1
Warnings:
Information:
1590629
6 Non Patent Literature Fraser_2018.pdf no 22
f5dd39b1808c2a6bfd0a7d24d387bd3aa62)
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Warnings:

Information:

30563
7 Fee Worksheet {(SB06) fee-info.pdf no 2
dd08304a75ef36f8bSe 12be6231c7470ebd,|
159a2
Warnings:
Information:
Total Files Size (in bytes){ 8214857

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 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. |

15/678,342 08/16/2017 Smita Shankar 38767-0048002 1018
26191 7590 101172018 | X ANINER |
FISH & RICHARDSON P.C. (TC)
PO BOX 1022 KETTER, JAMES S
MINNEAPOLIS, MN 55440-1022

| ART UNIT | PAPER NUMBER |

1636
| NOTIFICATION DATE | DELIVERY MODE |
10/11/2018 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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Case No.: IPR2023-00322
U.S. Patent No. 10,273,492

APPLICATION NO./ FILING DATE FIRST NAMED INVENTOR/ ATTORNEY DOCKET NO.
CONTROL NO. PATENT IN REEXAMINATION
15/678,342 08/16/2017 Shankar et al. 38767-0048002

EXAMINER
FISH & RICHARDSON P.C. (TC)
PO BOX 1022 JAMES S KETTER
MINNEAPOLIS, MN 55440-1022 ART UNIT PAPER
1636 20181006
DATE MAILED:

Please find below and/or attached an Office communication concerning this application or

proceeding.

Commissioner for Patents

Please find attached the corrected page 1 of the three-page IDS filed 8/16/2017.

JAMES S KETTER/

Primary Examiner, Art Unit 1636

PTO-90C (Rev.04-03)
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Case No.: IPR2023-00322
U.S. Patent No. 10,273,492

Sheet 1 of 3
Substitute Disclosure Form 1.8, Department of Commerce | Attorngy Docket No. Application No.
Patent and Trademark Office | 38767-0048002 15/678.342
Information Disclosure Statement Applicant
by Applicant Impossible Foods Inc.
(Use several sheets if necessary) Filing Date Group Art Unit
(37 CFR §1.98(b)) August 16, 2017
U.S. Patent Documents
Examiner | Desig. Document Publication Filing Date
Initial 1D Number Date Patentee Class | Subclass | If Appropriate
1. 4,683,195 07/28/1987 Mullis et al.
2. 4,683,202 07/28/1987 | Mullis
3. 4,800,159 01/24/1989 | Mullis et al.
4, 4,965,188 10/23/1990 | Mullis et al.
5, 5,204,253 04/20/1993 Sanford et al.
6. 5,538,800 07/23/1996 | Jinetal.
7. 6,013,863 01/11/2000 Lundquist et al.
8. 6,329,571 12/11/2001 Hiei
9. 2002/66F54643 1211 9/2002~ Berrm ot al.
10. | 2008m0TEETS7 | 06/01/2008 | Bron etal.
Foreign Patent Documents or Published Foreign Patent Applications
Examiner | Desig. Document Publication Country or Translation
Initial 1D Number Date Patent Office Class | Subclass | Yes No
11. WO 1998/012913 | 04/02/1998 WIPO
12. WO 2004/057946 | 07/15/2004 WIPO
13. WO 2004/099405 | 11/18/2004 WIPO
14. WO 2012/083424 | 06/28/2012 WIPO
15. W0 2013/010042 | 01/17/2013 WIPO
16. WO 2014/110532 | 07/17/2014 WIPO
17. WO 2014/110539 | 07/17/2014 WIPO
Other Documents (include Author, Title, Date, and Place of Publication)
Examiner Desig.
Initial 1D Document
18 Chenna et al., "Multiple sequence alignment with the Clustal series of programs” Nucleic Acids
' Res., 31(13):3497-500 (2003)
19 Chiravolu et al., "Recombinant protein production in an alcohol oxidase-defective strain of Pichia
) pastoris in fedbatch fermentations” Enzyme Microb. Technol., 21: 277-83 (1997)
Examiner Signature Date Considered
/JAMES S KETTER/ T172972017
10/06/2018
EXAMINER: Initials citation considered. Draw line through citaticn if not in conformance and not considered. Include copy of this form with
next communication to applicant.

Substitute Disclosure Form

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /J.S.K/
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Sheet _2 of 3
Substitute Disclosure Form 1.8, Department of Commerce | Attorngy Docket No. Application No.
Patent and Trademark Office | 38767-0048002 15/678.342
Information Disclosure Statement Applicant
by Applicant Impossible Foods Inc.
(Use several sheets if necessary) Filing Date Group Art Unit
(37 CFR §1.98(b)) August 16, 2017

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

Examiner | Desig.
Initial D Document
20 Dayhoff et al., "A Model of Evolutionary Change in Proteins," Atlas of Protein Sequence and
) Structure, 5: 345-352 (1978)
21 GenBank Accession No. AB365355, "Candida boidinii TRM1 gene for Zn(I1)2Cys6-type
’ transcription factor Trml, complete cds," dated January 24, 2008, 3 pages
2 GenBank Accession No. AB548760, "Candida boidinii TRM2 gene for C2H2-type transcription
) factor Trm2, complete cds,” dated May 14, 2010, 3 pages
2 GenBank Accession No. ABD57363, "methanol expression regulator I [Komagataella pastoris],"
' dated March 4, 2006, 2 pages
24 GenBank Accession No. AEOI020000035, bases 858873 to 862352, "Ogataea parapolymorpha DL-1
' chr3, whole genome shotgun sequence,” dated December 3, 2013, 186 pages
25 GenBank Accession No. BAF99700, "Zn(I1)2Cys6-type transcription factor Trm1 [Candida
' boidinii]," dated January 23, 2008, 2 pagges
2% GenBank Accession No. BAJ07608, "C2H2-type transcription factor Trm2 [Candida boidinii],"
' dated May 13, 2010, 2 pages
27 GenBank Accession No. DQ395124, "Pichia pastoris methanol expression regulator I gene,
) complete ¢ds,” dated March 4, 2006, 2 pages
8 GenBank Accession No. ESX01253, "Regulatory protein ADR1 [Ogataca parapolymorpha DL-1]."
' dated December 2, 2013, 2 pages
29 GenBank Accession No. FJ752551, "Pichia pastoris dihydroxyacetone synthase 1 (DAS1) gene,
] complete cds” dated March 21, 2009, 2 pages
30 GenBank Accession No. X02425, "Hansenula polymorpha MOX gene for methanol oxidase" dated
' April 20, 1993, 3 pages
31 GenBank Accession No. YSAAODIA, "Candida boidinii methanol oxidase (AOD1) gene, complete
' cds,” dated April 27, 1993, 2 pages
32 Hargrove et al., "Characterization of recombinant soybean leghemoglobin a and apolar distal
) histiding mutants" J Mol, Biol, 266, 1032-1042 (1997)
3 Inan & Meagher, "Non-repressing carbon sources for alcohol oxidase (AOX1) promoter of Pichia
) pastoris” J. Biosci. Bioeng., 92:585-9 (2001)
34 International Search Report and Written Opinion in International Application No.
) PCT/US2014/055227, dated March 20, 2015, 20 pages
Jokipii-Lukkari et al., "Intrinsic non-symbiotic and truncated haemoglobins and heterologous
35. Vitreoscilla hacmoglobin expression in plants," Journal of Experimental Botany, 60(2):409-422
(Jamary 2009)
Kranthi et al., "Identification of Mxrlp-binding sites in the promoters of genes encoding
36. dihydroxyacetone synthase and peroxin 8 of the methylotrophic yeast Pichia pastoris" Yeast,
27:705-11 (2010)
37 Liachko & Dunham, "An autonomously replicating sequence for use in a wide range of budding
) yeasts" FEMS Yeast Res., 14:364-7 (2014)
18 Lloyd et al., "Targeted mutagenesis using zinc-finger nucleases in Arabidopsis” Proc. Natl. Acad.
) Sci. USA, 102:2232-2237 (2005)
Examiner Signature Date Considered
/JBMES S KETTER/ 11/29/2017

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

Substitute Disclosure Form
ALI, REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /J.S.K/
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Substitute Disclosure Form 1.8, Department of Commerce | Attorngy Docket No. Application No.
Patent and Trademark Office | 38767-0048002 15/678.342
Information Disclosure Statement Applicant
by Applicant Impossible Foods Inc.
(Use several sheets if necessary) Filing Date Group Art Unit
(37 CFR §1.98(b)) August 16, 2017

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

Examiner | Desig.
Initial D Document
Londer ¢t al. "Production and preliminary characterization of a recombiant triheme cytochrom ¢(7)
39, from Geobatcher sulfurreducens in Escherichia coli." Biochem Biophy Act 1 1554(3): 202-211
€200 (2002) .
10 Lutz et al., "A guide to choosing vectors for transformation of the plastid genome of higher plants”
) Plant Physiol. 145: 1201-1210 (2007)
41 Micle et al., "A GATA-type transcription factor regulates expression of the high-affinity iron uptake
' system in the methylotrophic veast Pichia pastoris" Arch. Biochem. Biophys., 465: 172-9 (2007)
12 E%l;:;%awa et al., "Alcohol oxidase hybrid oligomers formed in vivo and in vitro" Yeast, 15: 1223-30
Qu et al., "Ectopic expression of the cottong non-symbiotic hemoglobin gene GhHb1 triggers
43, defense responses and increases discase tolerance in Arabidopsis," Plant Cell Physiol., 47:1058-
1068 (2006)
44 Raymond et al., "Development of the methylotrophic yeast Pichia methanolica for the expression of
) the 65 kilodalton isoform of human glutamate decarboxylase" Yeast, 14: 11-23 (1998)
45 Richards et al., "Construction of a GFP-BAR plasmid and its use for switchgrass transformation”
) Plant Cell. Rep. 20:48-20 54 (2001)
46 Sinagawa-Garcia ct al., "Next generation synthetic vectors for transformation of the plastid genome
] of higher plants” Plant Afol Biol 70: 487-498 (2009)
4 Somleva et al., "Agrobacterinm-Mediated Genetic Transformation of Switchgrass" Crop Sci.
) 42:2080-2087 (2002)
18 Supplementary European Search Report in International Application No. EP 14844701.4, dated
) January 27, 2017, 7 pages
49 Tanaka and Tanaka, "Tetrapyrrole biosynthesis in higher plants” Annu. Rev. Plant Biol. 58: 321-46
© | oo
50 Tovkach et al., " A toolbox and procedural notes for characterizing novel zinc finger nucleases for
) genome editing in plant cells" Plant J, 57: 747-757 25 (2009)
51 Townsend et al., "High-frequency modification of plant genes using enginecred zinc-finger
] nucleases" Nature 459: 442-445 (2009)
52. UniprotKB Accession No. P02236, "Leghemoglobin C2," dated November 1, 1988, 9 pages
Wu et al., "Efficient production of a functional single-chain antidigoxin antibody via an engineered
53, Bacillus subtilis expression-secretion system” Bio/Technology (NY) 11(1): 71-76 (1993) (abstract
only)
54 Xic and Yang, "RNA-guided genome editing in plants using a CRISPR-Cas system" Mal. Plant 6:
' 1975-1983 (2013)
55 Zhang et al., "Transcription activator-like effector nucleases enable efficient plant genome
) engineering” Plant Physiology 161: 20-27 (2013)

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /J.S.K/

Examiner Signature Date Considered
/JAMES S KETTER/ 11/29/2017

EXAMINER: Initials citation considered. Draw line through citaticn if not in conformance and not considered. Include copy of this form with
next communication to applicant.
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Attorney Docket No.: 38767-0048002

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor : Smita Shankar Art Unit o 1636

Application No. o 15/678,342 Examiner : James S. Ketter

Filed : August 16, 2017 Conf. No. : 1018

Title . EXPRESSION CONSTRUCTS AND METHODS OF
GENETICALLY ENGINEERING METHYLOTROPHIC YEAST

MAIL STOP ISSUE FEE

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 after a Final Office Action or a Notice of Allowance, but
before payment of the Issue Fee. Under 37 CFR § 1.97(e)(1), the undersigned certifies that each
item of information contained in this Information Disclosure Statement was first cited in a
Communication from a foreign Patent Office in a counterpart foreign application not more than
three months prior to the filing of this Information Disclosure Statement.

Please apply all charges applicable under 37 C.F.R. § 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: /November 9. 2018/ /M. Angela Parsons/

M. Angela Parsons, Ph.D.
Reg. No. 44,282
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U.S. Patent Documents
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Foreign Patent Documents or Published Foreign P

atent Applications
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Country or
Patent Office
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Translation
Subclass | Yes | No

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

Examiner | Desig.
Initial ID

Document

1 Proulx et al., "Iron Bioavailability of Hemoglobin from Soy Root Nodules Using a Caco-2 Cell
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Case No.: IPR2023-00322
U.S. Patent No. 10,273,492

File Listing:
Document . .. . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
72016
1 Information DFlscIosuSr§058tatement (IDS) Transmittal.pdf no 1
orm ( ) 4calf16c6bc5decd8d011d13059b36f5a22
73dc
Warnings:
Information:
This is not an USPTO supplied IDS fillable form
123897
) Information DF|sc|os(uSr§058t)atement (IDS) PTO_1449.pdf no 1
orm e36fd9f25f908bSbdfad6b4azfb6fad313cAd|
ff6.
Warnings:
Information:
This is not an USPTO supplied IDS fillable form
3780409
3 Non Patent Literature Proulx_2006.pdf no 5
14ad119e38b88f96df17a78c360e7f3ealbb
359d
Warnings:
Information:
30562
4 Fee Worksheet {(SB06) fee-info.pdf no 2
baSeae94734993b4c3c6bcbbfe8abc3foe70)
Warnings:
Information:
Total Files Size (in bytes){ 4006884
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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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Case No.: IPR2023-00322
U.S. Patent No. 10,273,492

Attorney's Docket No.: 38767-0048002

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor :  Smita Shankar Art Unit o 1636
Application No. o 15/678,342 Examiner . James S. Ketter
Filed : August 16, 2017 Confirmation No. : 1018
Notice of Allowance Date: August 15, 2018

Title - EXPRESSION CONSTRUCTS AND METHODS OF

GENETICALLY ENGINEERING METHYLOTROPHIC YEAST
MAIL STOP ISSUE FEE
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO NOTICE OF ALLOWANCE

In response to the Notice of Allowance mailed August 15, 2018, enclosed is a completed
Part B - Fee(s) Transmittal.

The Issue Fee is being paid with this response via the Electronic Filing System (EFS).
Please apply those fees and any other charges, or credits, to Deposit Account No. 06-1050,
referencing the above-indicated Attorney Docket Number.

Respectfully submitted,

Date: /November 13. 2018/ /M. Angela Parsons/

M. Angela Parsons, Ph.D.
Reg. No. 44,282

Customer Number 26191
Fish & Richardson P.C.
Telephone: (612) 335-5070
Facsimile: (877) 769-7945

61747691.doc
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Case No.: IPR2023-00322
U.S. Patent No. 10,273,492

PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web

By mail, send to: Mail Stop ISSUE FEE
Commissioner for Patents
P.O.Box 1450
Alexandria, Virginia 22314-1450

By fax, send to: (571) 273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

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

26191 7590 8/15/2018
FISH & RICHARDSON P.C.
P.0. BOX 1022

MINNEAPOLIS, MN 55440-1022

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.
Certificate of Mailing or Transmission

I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.

(Typed or printed name)

(Signature)
(Date)
‘ APPLICATION NO. ’ FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. ‘ CONFIRMATION NO. ‘
15/678,342 08/16/2017 Smita Shankar 38767-0048002 1018

TITLE OF INVENTION: EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING METHYLOTROPHIC YEAST

‘ APPLN. TYPE ‘ ENTITY STATUS ‘ ISSUE FEE DUE ‘ PUBLICATION FEE DUE ‘ PREV. PAID ISSUE FEE ‘ TOTAL FEE(S) DUE ‘ DATE DUE ‘
nonprovisional LARGE $1000 $0 $1000 11/15/2018
‘ EXAMINER | ART UNIT | CLASS-SUBCLASS |
KETTER, JAMES S. 1636 435-254230
1. Change of correspondence address or indication of "Fee 2. For printing on the patent front page, list

Address" (37 CFR 1.363).

(1) The names of up to 3 registered patent attorneys

[1 Change of correspondence address (or Change of or agents OR, alternatively, 1 Fish & Richardson P.C.

Correspondence Address form PTO/SB/122) attached.

(2) The name of a single firm (having as a member

[1 "Fee Address” indication (or "Fee Address" Indication aregistered attorney or agent) and the names of 2
form PTO/SB/47; Rev 03-09 or more recent) up to 2 registered patent attorneys or agents. If
attached. Use of a Customer Number is required. no name is listed, no name will be printed. 3

W

. 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)
Impossible Foods Inc. Redwood City, CA

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

4a. Fees Submitted: [X] Issue Fee [ ]Publication Fee (if required)
4b. Method of Payment (Please first reapply any previously paid fee shown above):

[ 1Advance Order - # of Copies

[ 1Electronic Payment via EFS-Web [ 1Enclosed check [ ] Non-electronic payment by credit card (Attach form PTO-2038)
[X] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment, to Deposit Account No. 06-1050

5. Change of Entity Status (from status indicated above)

[ ] Applicant certifying micro entity status. See 37 CFR 1.29 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.

[ ] Applicant asserting small entity status. See 37 CFR 1.27. NOTE: If the application was previously under micro entity status, checking this box will be taken as
a notification of loss of entitlement to micro entity status.
[ 1 Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken as a notification of loss of entitlement to small or micro entity

status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature /M. Angela Parsons/

Typed or printed name M. Angela Parsons, Ph.D.

Date /November 13, 2018/

Registration No. 44,282

PTOL-85 Part B (08-18). Approved for use through 1/31/2020 OMB 0651-0033

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

61747696.doc
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Case No.: IPR2023-00322
U.S. Patent No. 10,273,492

Electronic Patent Application Fee Transmittal
Application Number: 15678342
Filing Date: 16-Aug-2017
Title of Invention: EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING
METHYLOTROPHIC YEAST
First Named Inventor/Applicant Name: Smita Shankar
Filer: M. Angela Parsons/Judith Witzel
Attorney Docket Number: 38767-0048002
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:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 1501 1 1000 1000
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Description Fee Code Quantity Amount Suz-s'l'g(t;)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1000
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Case No.: IPR2023-00322
U.S. Patent No. 10,273,492

Electronic Acknowledgement Receipt

EFS ID: 34286725
Application Number: 15678342
International Application Number:
Confirmation Number: 1018
Title of Invention: EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING
: METHYLOTROPHIC YEAST
First Named Inventor/Applicant Name: Smita Shankar
Customer Number: 26191
Filer: M. Angela Parsons/Alysha Claflin
Filer Authorized By: M. Angela Parsons
Attorney Docket Number: 38767-0048002
Receipt Date: 13-NOV-2018
Filing Date: 16-AUG-2017
Time Stamp: 11:58:06
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $1000
RAM confirmation Number 111318INTEFSW00020440061050
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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Case No.: IPR2023-00322
U.S. Patent No. 10,273,492

File Listing:

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

71362

Post Allowance Communication -
1 . Response.pdf no 1
Incoming

f00da6a263c424f584b104479e578f75359d|

Warnings:

Information:

160962

2 Issue Fee Payment (PTO-85B) PartB.pdf no 1

1ac3097bdc70ch529c5999ccfa5193ad0fc7|
3494

Warnings:

Information:

30469

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

26d4a3987ea2ebbe11317e5b6d903632a5
8b7eSb

Warnings:

Information:

Total Files Size (in bytes){ 262793

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

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. |

15/678,342 08/16/2017 Smita Shankar 38767-0048002 1018
26191 7590 1171472018 | X ANINER |
FISH & RICHARDSON P.C. (TC)
PO BOX 1022 KETTER, JAMES S
MINNEAPOLIS, MN 55440-1022

| ART UNIT | PAPER NUMBER |

1636
| NOTIFICATION DATE | DELIVERY MODE |
11/14/2018 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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P.O. Box 1450
Alexandria, Virginia 22313-1450

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

APPLICATION NO./ FILING DATE FIRST NAMED INVENTOR/ ATTORNEY DOCKET NO.
CONTROL NO. PATENT IN REEXAMINATION
15/678,342 08/16/2017 Shankar et al. 38767-0048002

EXAMINER
FISH & RICHARDSON P.C. (TC)
PO BOX 1022 JAMES S KETTER
MINNEAPOLIS, MN 55440-1022 ART UNIT PAPER
1636 20181108
DATE MAILED:

Please find below and/or attached an Office communication concerning this application or

proceeding.

Commissioner for Patents

Please find attached the signed IDS filed 10/19/2018, as well as the corrected IDS filed 12/4/2017.

JAMES S KETTER/

Primary Examiner, Art Unit 1636

PTO-90C (Rev.04-03)
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Case No.: IPR2023-00322
U.S. Patent No. 10,273,492

Application No.

15/678,342

Applicant(s)

Shankar et al.

Response to Rule 312 Communication Examiner

JAMES S KETTER

Art Unit

1636

AlA Status

Yes

1. [JThe amendment filed on under 37 CFR 1.312 has been considered, and has been:
a) ] entered.

b) J entered as directed to matters of form not affecting the scope of the invention.

c)[J disapproved because the amendment was filed after the payment of the issue fee.

and the required fee to withdraw the application from issue.
d)[J disapproved. See explanation below.

e) J entered in part. See explanation below.

The IDS filed 10/9/2018 and the corrected IDS filed 12/4/2017 are attached.

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1)

/JAMES S KETTER/
Primary Examiner, Art Unit 1636

U.S. Patent and Trademark Office
PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication

Part of Paper No. 20181108
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Case No.: IPR2023-00322
U.S. Patent No. 10,273,492

Sheet _1_of _1_
Substitute Disclosure Form U.S. Department of Commerce | Attorney Docket No. Application No.
Patent and Trademark Office 38767-0048002 15/678.342
Information Disclosure Statement Applicant
by Applicant Impossible Foods Inc.
(Use several sheets if necessaty) Filing Date Group Art Unit
(37 CFR §1.98(b)) August 16, 2017 1636
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
1. WO 2015/153666 | 10/8/2015 WIPO

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

Examiner | Desig.
Initial ID Document
) Krainer et al., "Optimizing cofactor availability for the production of recombinant heme peroxidase
) in Pichia pastoris", MICROBIAL CELL FACTORIES, vol. 14, no. 1, 13 January 2015

Liu et al., "Balanced globin protein expression and heme biosynthesis improve production of human

3. hemoglobin in Saccharomyces cerevisiac", METABOLIC ENGINEERING, vol. 21, pages 9-16,
2014
Fraser et al., "Safety Evaluation of Soy Leghemoglobin Protein Preparation Derived From Pichia

4. pastoris , Intended for Use as a Flavor Catalyst in Plant-Based Meat", INTERNATIONAL
JOURNAL OF TOXICOLOGY, vol. 37, no. 3, 11 April 2018, pages 241-262

ALI REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /J.S8.K/

Examiner Signature

/IAMES 8§ RETTER/

Date Considered

11/08/2018

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
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CORRECTED PAGE

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

Sheet 1 of 3
Substitute Disclosure Form 1.8, Department of Commerce | Attorngy Docket No. Application No.
Patent and Trademark Office | 38767-0048002 15/678.342
Information Disclosure Statement Applicant
by Applicant Impossible Foods Inc.
(Use several sheets if necessary) Filing Date Group Art Unit
(37 CFR §1.98(b)) August 16, 2017
U.S. Patent Documents
Examiner | Desig. Document Publication Filing Date
Initial 1D Number Date Patentee Class | Subclass | If Appropriate
1. 4,683,195 07/28/1987 Mullis et al.
2. 4,683,202 07/28/1987 | Mullis
3. 4,800,159 01/24/1989 | Mullis et al.
4, 4,965,188 10/23/1990 | Mullis et al.
5, 5,204,253 04/20/1993 Sanford et al.
6. 5,538,800 07/23/1996 | Jinetal.
7. 6,013,863 01/11/2000 Lundquist et al.
8. 6,329,571 12/11/2001 Hiei
9. 2002/66F54643 1211 9/2002~ Berrm ot al.
10. | 2008m0TEETS7 | 06/01/2008 | Bron etal.
Foreign Patent Documents or Published Foreign Patent Applications
Examiner | Desig. Document Publication Country or Translation
Initial 1D Number Date Patent Office Class | Subclass | Yes No
11. WO 1998/012913 | 04/02/1998 WIPO
12. WO 2004/057946 | 07/15/2004 WIPO
13. WO 2004/099405 | 11/18/2004 WIPO
14. WO 2012/083424 | 06/28/2012 WIPO
15. W0 2013/010042 | 01/17/2013 WIPO
16. WO 2014/110532 | 07/17/2014 WIPO
17. WO 2014/110539 | 07/17/2014 WIPO
Other Documents (include Author, Title, Date, and Place of Publication)
Examiner Desig.
Initial 1D Document
18 Chenna et al., "Multiple sequence alignment with the Clustal series of programs” Nucleic Acids
' Res., 31(13):3497-500 (2003)
19 Chiravolu et al., "Recombinant protein production in an alcohol oxidase-defective strain of Pichia
) pastoris in fedbatch fermentations” Enzyme Microb. Technol., 21: 277-83 (1997)
Examiner Signature Date Considered
/JAMES S KETTER/ T172972017
10/06/2018
EXAMINER: Initials citation considered. Draw line through citaticn if not in conformance and not considered. Include copy of this form with
next communication to applicant.

Substitute Disclosure Form

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /J.S.K/

Motif Exhibit 1039, Page 1147 of 1288



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

Sheet _2 of 3
Substitute Disclosure Form 1.8, Department of Commerce | Attorngy Docket No. Application No.
Patent and Trademark Office | 38767-0048002 15/678.342
Information Disclosure Statement Applicant
by Applicant Impossible Foods Inc.
(Use several sheets if necessary) Filing Date Group Art Unit
(37 CFR §1.98(b)) August 16, 2017

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

Examiner | Desig.
Initial D Document
20 Dayhoff et al., "A Model of Evolutionary Change in Proteins," Atlas of Protein Sequence and
) Structure, 5: 345-352 (1978)
21 GenBank Accession No. AB365355, "Candida boidinii TRM1 gene for Zn(I1)2Cys6-type
’ transcription factor Trml, complete cds," dated January 24, 2008, 3 pages
2 GenBank Accession No. AB548760, "Candida boidinii TRM2 gene for C2H2-type transcription
) factor Trm2, complete cds,” dated May 14, 2010, 3 pages
2 GenBank Accession No. ABD57363, "methanol expression regulator I [Komagataella pastoris],"
' dated March 4, 2006, 2 pages
24 GenBank Accession No. AEOI020000035, bases 858873 to 862352, "Ogataea parapolymorpha DL-1
' chr3, whole genome shotgun sequence,” dated December 3, 2013, 186 pages
25 GenBank Accession No. BAF99700, "Zn(I1)2Cys6-type transcription factor Trm1 [Candida
' boidinii]," dated January 23, 2008, 2 pagges
2% GenBank Accession No. BAJ07608, "C2H2-type transcription factor Trm2 [Candida boidinii],"
' dated May 13, 2010, 2 pages
27 GenBank Accession No. DQ395124, "Pichia pastoris methanol expression regulator I gene,
) complete ¢ds,” dated March 4, 2006, 2 pages
8 GenBank Accession No. ESX01253, "Regulatory protein ADR1 [Ogataca parapolymorpha DL-1]."
' dated December 2, 2013, 2 pages
29 GenBank Accession No. FJ752551, "Pichia pastoris dihydroxyacetone synthase 1 (DAS1) gene,
] complete cds” dated March 21, 2009, 2 pages
30 GenBank Accession No. X02425, "Hansenula polymorpha MOX gene for methanol oxidase" dated
' April 20, 1993, 3 pages
31 GenBank Accession No. YSAAODIA, "Candida boidinii methanol oxidase (AOD1) gene, complete
' cds,” dated April 27, 1993, 2 pages
32 Hargrove et al., "Characterization of recombinant soybean leghemoglobin a and apolar distal
) histiding mutants" J Mol, Biol, 266, 1032-1042 (1997)
3 Inan & Meagher, "Non-repressing carbon sources for alcohol oxidase (AOX1) promoter of Pichia
) pastoris” J. Biosci. Bioeng., 92:585-9 (2001)
34 International Search Report and Written Opinion in International Application No.
) PCT/US2014/055227, dated March 20, 2015, 20 pages
Jokipii-Lukkari et al., "Intrinsic non-symbiotic and truncated haemoglobins and heterologous
35. Vitreoscilla hacmoglobin expression in plants," Journal of Experimental Botany, 60(2):409-422
(Jamary 2009)
Kranthi et al., "Identification of Mxrlp-binding sites in the promoters of genes encoding
36. dihydroxyacetone synthase and peroxin 8 of the methylotrophic yeast Pichia pastoris" Yeast,
27:705-11 (2010)
37 Liachko & Dunham, "An autonomously replicating sequence for use in a wide range of budding
) yeasts" FEMS Yeast Res., 14:364-7 (2014)
18 Lloyd et al., "Targeted mutagenesis using zinc-finger nucleases in Arabidopsis” Proc. Natl. Acad.
) Sci. USA, 102:2232-2237 (2005)
Examiner Signature Date Considered
/JBMES S KETTER/ 11/29/2017

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

Substitute Disclosure Form
ALI, REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /J.S.K/
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Case No.: IPR2023-00322
U.S. Patent No. 10,273,492

Sheet _3 of 3
Substitute Disclosure Form 1.8, Department of Commerce | Attorngy Docket No. Application No.
Patent and Trademark Office | 38767-0048002 15/678.342
Information Disclosure Statement Applicant
by Applicant Impossible Foods Inc.
(Use several sheets if necessary) Filing Date Group Art Unit
(37 CFR §1.98(b)) August 16, 2017

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

Examiner | Desig.
Initial D Document
Londer ¢t al. "Production and preliminary characterization of a recombiant triheme cytochrom ¢(7)
39, from Geobatcher sulfurreducens in Escherichia coli." Biochem Biophy Act 1 1554(3): 202-211
€200 (2002) .
10 Lutz et al., "A guide to choosing vectors for transformation of the plastid genome of higher plants”
) Plant Physiol. 145: 1201-1210 (2007)
41 Micle et al., "A GATA-type transcription factor regulates expression of the high-affinity iron uptake
' system in the methylotrophic veast Pichia pastoris" Arch. Biochem. Biophys., 465: 172-9 (2007)
12 E%l;:;%awa et al., "Alcohol oxidase hybrid oligomers formed in vivo and in vitro" Yeast, 15: 1223-30
Qu et al., "Ectopic expression of the cottong non-symbiotic hemoglobin gene GhHb1 triggers
43, defense responses and increases discase tolerance in Arabidopsis," Plant Cell Physiol., 47:1058-
1068 (2006)
44 Raymond et al., "Development of the methylotrophic yeast Pichia methanolica for the expression of
) the 65 kilodalton isoform of human glutamate decarboxylase" Yeast, 14: 11-23 (1998)
45 Richards et al., "Construction of a GFP-BAR plasmid and its use for switchgrass transformation”
) Plant Cell. Rep. 20:48-20 54 (2001)
46 Sinagawa-Garcia ct al., "Next generation synthetic vectors for transformation of the plastid genome
] of higher plants” Plant Afol Biol 70: 487-498 (2009)
4 Somleva et al., "Agrobacterinm-Mediated Genetic Transformation of Switchgrass" Crop Sci.
) 42:2080-2087 (2002)
18 Supplementary European Search Report in International Application No. EP 14844701.4, dated
) January 27, 2017, 7 pages
49 Tanaka and Tanaka, "Tetrapyrrole biosynthesis in higher plants” Annu. Rev. Plant Biol. 58: 321-46
© | oo
50 Tovkach et al., " A toolbox and procedural notes for characterizing novel zinc finger nucleases for
) genome editing in plant cells" Plant J, 57: 747-757 25 (2009)
51 Townsend et al., "High-frequency modification of plant genes using enginecred zinc-finger
] nucleases" Nature 459: 442-445 (2009)
52. UniprotKB Accession No. P02236, "Leghemoglobin C2," dated November 1, 1988, 9 pages
Wu et al., "Efficient production of a functional single-chain antidigoxin antibody via an engineered
53, Bacillus subtilis expression-secretion system” Bio/Technology (NY) 11(1): 71-76 (1993) (abstract
only)
54 Xic and Yang, "RNA-guided genome editing in plants using a CRISPR-Cas system" Mal. Plant 6:
' 1975-1983 (2013)
55 Zhang et al., "Transcription activator-like effector nucleases enable efficient plant genome
) engineering” Plant Physiology 161: 20-27 (2013)

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /J.S.K/

Examiner Signature Date Considered
/JAMES S KETTER/ 11/29/2017

EXAMINER: Initials citation considered. Draw line through citaticn if not in conformance and not considered. Include copy of this form with
next communication to applicant.
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Approved for use through 11/30/2020. OMB 0651-0031
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 contains a valid OMB control number.

RequeSt Application Number 15/678,342
for
. August 16, 2017
: : : Filing Date ’
Continued Examination (RCE) g p——
: i mita Shankar
Transmittal First Named Inventor I
Address to: Art Unit 1636
Mail Stop RCE
Commissioner for Patents Examiner Name James S. Ketter
P.O. Box 1450
wexandria, VA 22313-1450 Attorney Docket Number | 38767-0048002 j

This is a Request for Continued Examination (RCE) under 37 CFR 1 .114 of the above-identified application.
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8,
1995, or to any design application. See Instruction Sheet for RCEs (not to be submitted to the USPTO) on page 2.

1. |Submission required under 37 CFR 1.1 14| Note: If the RCE is proper, any previously filed unentered amendments and
amendments enclosed with the RCE will be entered in the order in which they were filed unless applicant instructs otherwise. If
applicant does not wish to have any previously filed unentered amendment(s) entered, applicant must request non-entry of such

amendment(s).

a. I:l Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be
considered as a submission even if this box is not checked.

i. |:| Consider the arguments in the Appeal Brief or Reply Brief previously filed on

ii. D Other
b. & Enclosed

i. |:| Amendment/Reply iiil & Information Disclosure Statement (IDS)

ii. D Affidavit(s)/ Declaration(s) iv. D Other

Miscellaneous

Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a

N

period of months. (Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required)

a []
b. |:| Other

3. The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed.
The Director is hereby authorized to charge the following fees any underpayment of fees, or credit any overpayments to
Deposit Account No. 06-1050.
& RCE fee required under 37 CFR 1.17(e)

ii |:] Extension of time fee (37 CFR 1.136 and 1.17)

i E other any deficiencies
b. D Checkin the amountof $ __ enclosed

C. I:l Payment by credit card (Form PTO-2038 enclosed) d. |Z Payment by EFS-Web
WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide credit
card information and authorization on PTO-2038.

D

( SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED )
Signature /M. Angela Parsons/ Date | /December 6, 2018/
\Name (Print/Type) |M. Angela Parsons, Ph.D. Registration No. | 44,282 )

CERTIFICATE OF MAILING OR TRANSMISSION

| hereby certify that this corespondence is being EFS-Web transmitted to the United States Patent and Trademark Office (USPTO), deposited with the United
States Postal Service with sufficient postage as first class mail in an envelope addressed to: Mail Stop RCE, Commissioner for Patents, P. O. Box 1450,
Alexandria, VA 22313-1450 or facsimile transmitted to the USPTO on the date shown below.

Signature

Name (Print/Type)
This collection of information is required by 37 CFR 1.114. 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 1.11 and 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: Mail Stop RCE, 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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Other Documents (include Author, Title, Date, and Place of Publication)
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4 Sasano et al., "Trm2p-dependent depression is essential for methanol-specific gene activation in the
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T Espacenet

PRODUCTION OF RECOMBINANT HUMAN HEMOGLOBIN BY USING PICHIA
YEAST

Inventor(s): NAKASHIRO KEISUKE; HOASHI YOHEI; KAI TOSHIYA; UNO
KIMIYUKI; ODAGIRI MASAKI + (NAKASHIRO KEISUKE, ; HOASHI
YOHEI, ; KAl TOSHIYA, ; UNO KIMIYUKI, ; ODAGIRI MASAKI)

Applicant(s):  NIPRO CORP + (NIPRO CORP)

Classification: - international: C12N15/08; C12P21/02; C12R1/84
- cooperative:

Application JP20060192673 20060713 Global Dossier

number:

Priority number JP20060192673 20060713
(s):

Abstract of JPZOOBRITTTE {A}

PROBLEM TO BE SOLVED: To provide a safe gene-recombinant type hemogliobin
having functions and properties similar to the hemoglobin originated from human biood,
and camying no risk of contamination by a virus. [SOLUTION: The method for
producing a functional recombinant human hemoglobin includes cultuning a yeast of the
genus Pichia transformed by an exprassion vector containing a DNA encoding the
human hemoglobin [alphal chain (Hblaiphaly undsr control of a promotor functionable
i the Pichia veast, and an axprassion vecior containing a DNA encoding the human
hemogiobin [beta] chain (Hblbetal) under control of a promotor functionable in the
Pichia veast in a meadium, and collecting the human hemoglobin from the oblained
culture product. The expression vector containg ADX T promotor, the DNA encoding the
Hblbetal, a terminator functionable in the Pichia yeast, the AQXT promotor, the DNA
encoding the Hbialpha] and a terminator functionable in the Pichia yeast in order,
(COPYRIGHT: (C)2008 JPO&INPIT

Motif Exhibit 1039, Page 1152 of 1288



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

Electronic Patent Application Fee Transmittal

Application Number: 15678342

Filing Date: 16-Aug-2017

. . EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING
Title of Invention:

METHYLOTROPHIC YEAST
First Named Inventor/Applicant Name: Smita Shankar
Filer: M. Angela Parsons/Judith Witzel
Attorney Docket Number: 38767-0048002
Filed as Large Entity
Filing Fees for Utility under 35 USC 111(a)
Description Fee Code Quantity Amount Sull)’-s'l'g(t;)l in

Basic Filing:

PETITION FEE- 37 CFR 1.17(H) (GROUP IlI) 1464 1 140 140

RCE- 1ST REQUEST 1801 1 1300 1300

Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

Decision Date : December 7,2018

In re Application of :
DECISION ON PETITION

UNDER CFR 1.313(c)(2)

Smita Shankar

Application No: 15678342
Filed : 16-Aug-2017
Attorney Docket No: 38767-0048002

This is an electronic decision on the petition under 37 CFR 1.313(c)(2), filed December 7, 2018, to withdraw the above-identified
application from issue after payment of the issue fee.

The petition is GRANTED.
The above-identified application is withdrawn from issue for consideration of a submission under 37 CFR 1.114 (request for
continued examination). See 37 CFR 1.313(c)(2).

Petitioner is advised that the issue fee paid in this application cannot be refunded. If, however, this application is again
allowed, petitioner may request that it be applied towards the issue fee required by the new Notice of Allowance.

Telephone inquiries concerning this decision should be directed to the Patent Electronic Business Center (EBC) at 866-217-9197.

This application file is being referred to Technology Center AU 1636 for processing of the request for continuing examination
under 37 CFR 1.114.

Office of Petitions
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Electronic Acknowledgement Receipt

EFS ID: 34502371
Application Number: 15678342
International Application Number:
Confirmation Number: 1018
Title of Invention: EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING
: METHYLOTROPHIC YEAST
First Named Inventor/Applicant Name: Smita Shankar
Customer Number: 26191
Filer: M. Angela Parsons/Judith Witzel
Filer Authorized By: M. Angela Parsons
Attorney Docket Number: 38767-0048002
Receipt Date: 07-DEC-2018
Filing Date: 16-AUG-2017
Time Stamp: 11:45:10
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $1440
RAM confirmation Number 120718INTEFSW00012370061050
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 sl . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
31552
1 Petition automatically granted by EFS petition-request.pdf no 2
fSe39f8b84b2af4f58214b26441cccf2decab)
abf
Warnings:
Information:
107009
, Quick Path Igformatlon Disclosure QPIDSCertReq.pdf no 1
tatement 7756cd55ba9030d2491515bd65527beeda
0d1b40
Warnings:
Information:
117215
3 Request forContngged Examination RCE pdf no 1
( ) 4be768fa0aled 1fa3beb8223f9692162801
Warnings:
This is not a USPTO supplied RCE SB30 form.
Information:
74691
4 Quick Path Igtfotrmatlotn Disclosure ids.pdf no 3
atemen 3db788bdc44f303e8028098fe22869a1bd1
0a7b9
Warnings:
Information:
123983
5 Information DFlsclos(l;'rsosst)atement (IDS) PTO1449.pdf no 1
orm 8a30f908fb209b61034788210c2a4681e623
Warnings:
Information:
This is not an USPTO supplied IDS fillable form
76264
6 Foreign Reference JP2008017774.pdf no 1

317bacb6ade93740452e9bf6143e8cc2111
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Warnings:

Information:

25900050

7 Foreign Reference WQ02008090211A1_Part1.pdf no 25

fd39443b2d4a0ce112eaald5cf8a3a6214c2

Warnings:

Information:

4355691

8 Foreign Reference W02008090211A1_Part2.pdf no 5

29e06chcad7b56b6%aa49d98cd735d4518¢
baa69

Warnings:

Information:

233342

9 Non Patent Literature Sasano_2010.pdf no 10

584a429b0700b39d15c4b5f8a6a02f786c1
7937d

Warnings:

Information:

32225

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

d033d7aad4e80ae4458eb0098f2a6fe997b)
a5169

Warnings:

Information:

Total Files Size (in bytes){ 31052022

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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PTG/SB/140

Doc Code: PET.AUTO U.S. Patent and Trademark Office
Document Description: Petition automatically granted by EFS-Web Department of Commerce

Electronic Petition Request PETITION TO WITHDRAW AN APPLICATION FROM ISSUE AFTER PAYMENT OF

THE ISSUE FEE UNDER 37 CFR 1.313(c)

Application Number 15678342

Filing Date 16-Aug-2017

First Named Inventor Smita Shankar

Art Unit 1636

Examiner Name JAMES KETTER

Attorney Docket Number 38767-0048002

Title EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING

METHYLOTROPHIC YEAST

An application may be withdrawn from issue for further action upon petition by the applicant. To request that the Office
withdraw an application from issue, applicant must file a petition under this section including the fee set forth in § 1.17(h} and a
showing of good and sufficient reasons why withdrawal of the application from issue is necessary.

APPLICANT HEREBY PETITIONS TO WITHDRAW THIS APPLICATION FROM ISSUE UNDER 37 CFR 1.313(c).

A grantable petition requires the following items:

{1} Petition fee; and

{2} One of the following reasons:

{a) Unpatentability of one or more claims, which must be accompanied by an unequivocal statement that one or more claims
are unpatentable, an amendment to such claim or claims, and an explanation as to how the amendment causes such claim or
claims to be patentable;

{b) Consideration of a request for continued examination in compliance with § 1.114 (for a utility or plant application only}; or
{c) Express abandonment of the application. Such express abandonment may be in favor of a continuing application, but not a
CPA under 37 CFR 1.53(d).

Petition Fee

(O Small Entity

(O Micro Entity

(® Regular Undiscounted

Reason for withdrawal from issue
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(O One or more claims are unpatentable

@ Consideration of a request for continued examination (RCE) {List of Required Documents and Fees)

O Applicant hereby expressly abandons the instant application (any attorney/agent signing for this reason must
have power of attorney pursuant to 37 CFR 1.32(b)}.

RCE request,submission, and fee.

| certify, in accordance with 37 CFR 1.4(d)(4) that :
[] TheRCE request ,submission, and fee have already been filed in the above-identified application on

Are attached.

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 has been given power of attorney
in this application.

(O An attorney or agent registered to practice before the Patent and Trademark Office, acting in a representative capacity.

(O Asole inventor

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 Ajoint inventor; all of whom are signing this e-petition

Signature /M. Angela Parsons/
Name M. Angela Parsons
Registration Number 44282
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(43 International Publication Date
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I

(1) International Publication Number

WO 2008/090211 Al

(51)

(72}
{75)

International Patent Classification:

CI2N 13/81 (2006.01) COTK J4/39 Q006013

CIZN 15/31 (2006.01) CI2P 21792 (2066.01)

International Application Number:

PCT/EP2008/350870

) International Filing Pate: 25 January 2008 (25.01.2008)

Filing Language: English

Publicalion Language: English

Priority Data:

PA 2007 00122 26 January 2007 (26.01.2007; DK

Applicant (for ail designated States except USH

NOVOZYMES A8 [DK/DK]  Krogshosjvej 36,

DEK-2880 Bagsvaerd (DK).
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Neorike [JP/IP; 3-2-16, Higashisugano, Ichikawa, Chiba
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A, Shinobu [JP/AP]; nisht  1-31-1-708,
Funabashi, Chiba 274-0825 (JP). KONG, Xiang¥u
[CWNACNG; 6 Feng (Bso Lu, Bailding 3, Unit 1, Room

1906, Beifing 100070 (CN).

{74) Common Representatives NOVOZYMES A/S; Patents,

{81

{84

)
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Krogshoejvef 36, DK-2880 Bagsvaerd (DK).

Designated Siates (unless otherwise indicated, for every
kind of national protection availabley: AE, AG, AL, AM,
AD, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CC, CR, CU, C¥Z, DE, DK, DM, DO, DZ, EC, EE,
HG, FL, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
iL, IN, I3, /P, KE, KG, KM, KN, KP, KR, K7, LA, LC,
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SY, TLT™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
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Presignated States (unless ctherwise indicated, for every
kind of regional proection available): ARTPO (BW, GH,
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NO, PL, PT, RG, SE, SI, 8K, TR), OAPL (BE BJ, CE CG,
CL CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

with sequence listing part of description published sepu-
vately in electronic form and available upon request from
the International Bureau

wo 2008/090211 A1 [BINEERRIIERI QRPN

(54) Title: METHOD FOR METHANOL INDEPENDENT INDUCTION FROM METHANOL INDUCIBLE PROMUTERS IN
PICHIA

{573 Abstract: The present invention relales to & method for producing a polypeptide in 2 methylotrophic veast hosi cell, wherein
expression of the polypeptide is controtied by a methanol inducible promeoter, comprisiz
3 non-native promoter, said positive regulator activat
methanol.

1 1) expression of a positive regulator from

ing transcription from the methanco! inducible promoter, and i) no addition of
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WO 2008/690211 PCT/EP2008/050870
TITLE: METHOD FOR METHANOL INDERPENDENT INDUCTION FROM METHANGL
INDUCIBLE PROMOTERS IN PICHIA,

Reference fo seguence listing

This application contains a Sequence Listing in computer readable form. The com-
puter readable form is incorporated herein by reference.

FIELD OF THE INVENTION
The present invention relates to a method for producing a polvpeptide in a
methylotrophic yeast host cell, wherein expression of the polypeptide is conirolied by a

methanol inducible promoter.,

BACKGROUND OF THE INVENTION
Eukaryotic organisms are widely used in industry as hosi ¢ells for producing polypep-
tide for, ¢.g., pharmaceutical and industrial applications. The ability to manipulate gene tran-

scription and expression gives the basis for providing higher production vields.

Conventionally, maximal expression of a gene in a eukaryotic organism is achieved by
amplifying in the chromosome an expression casselte containing a single promoter operably

linked to a gene encoding the polypeptide of interest and an amplifier selective marker.

Controlled expression is often desirable. In methylotrophic yeast il has been known
for long that certain promoters are dependent on the presence of methanol in the growih
medium for the induction of transcription. This induction by methanol requires the presencs
of additional factors, however, the exact mechanism of action for such factors have not been
slucidated. Examples of positive factors known from yeast include Mxrip, described as a key
positive regulator required for methanol utilization in Pichia pasforis {Lin-Cereghino ef al.,
2008, Mol Cell Biol 26(3): 883-897).

Examples of these methancl dependent promoters have been described in several
yeast cells belonging to the group of yeast known as methylotrophic yeast. The promoters
controlling expression of the enzymes involved in methanol metabolism in thess organisms
are particularly strong, and these promoters arg generally used io conirol the heterologous
expression of proteins in veasl. However, the specific carbon source used for the cultivation
of these host ceils has an enormous influence on the reguiation of methanol metabolism
promoters. Msathanol and glycerol are considered as adeqguate subsirates for methylotrophic
yeast expression systems, while glucose has been considered inadeguate (EP 288108). it is

1
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WO 2008/090211 PCT/EP2008/05087¢
therefore desirable if expression from the known methanol metabolism promolers can be

made less dependent on the substrats.

SUMMARY OF THE INVENTION

The invention provides a method for producing a polypsptide in a methylotrophic yeast host
cell, wherein expression of the polypeptide is controlled by a methanol inducible promoter,
comprising: i} expression of a positive regulator from a non-native promoter, said positive
regulator activating transcription from the methanol inducible promoter, and i} no addition of
methanol. The invention further discloses a method for increasing the expression level of a
heterologous polypeptide under the control of a methanol inducible promoter, comprising

providing constitutive expression of the prm1 gene.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to the controlled expression of polypeptides from
methanol inducible promolers. Examples of these promolers have been described in several
veast cells belonging to the group of yeast known as methylotrophic yeast. In the context of
the present invention a methylotrophic yeast is defined as a group of yeast which can utilize
meathanol as a sole carbon source for their growth. The promoters for the enzymes invoived
in methanol metabolism in these organisms ars particuiarly strong, and these promoters
{methanol metabolism promoters) are generally used o conirol the heterologous expression
of proteins in yeast.

Known members of methyiotrophic yeast host celis belong to the genera selected
from the group consisting of Pichia, Hansenula, Candida, Torufopsis. According to the inven-
tion the Pichia host cell can in one embodiment be selected from the group consisting of F.
pasioris, P. methanolica, P. angusta, P. thermomethanolica. The Hansenula or Candida host
cells can be selected from the group consisting of H. polymorpha, and C. boidinii,

Several promoters have previously been isolated and described in the literature from
which the expression of heterologous polypeptides can be controlled by the addition of
methanol to the growth medium. Such promoters include but are not limited to e.g. the ADX1
promater (Alcohol Oxidase promoter), DHAS promoter {or DAS promoter) (dihydroxyacetone
synthasg promoter), FDH promoter (or FMDH promoter) formate dehydrogenase promoter),
MOX promoter (Msthanol Oxidase promoter), AOX2 promoter, ZZA1, PEXS-, PEX8-, PEX14-
promoter. Particularly the promoters useful in the present invention are promoters for en-
zymes involved in the methanol melabolism.  Such promoters may be isolated from yeasls
by the skilled person using conventional techniques. All of the above mentioned promoters
have already been isolated from particular members of the group of methylotrophic yeast and

by homology searches corresponding promoters from other members can easily be identi-

2

Motif Exhibit 1039, Page 1163 of 1288



10

15

20

25

30

35

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

WO 2008/090211 PCT/EP2008/05087¢
fied. This is further illustrated by the examples included herein. More particularly the promot-

ers are selscled from the group consisting of the formate dehydrogenase (FMD or FMDH)
promoter, the methanaol oxidase (MOX) promoters, the dihvdroxyacetone synthase (DAS or
DHAS) promoter or the alcohol oxidase (AOX1) promoter.

Normally all of the above promoters require the presence of methanol for their in-
duction. This induction by methanol requires the presence of additional factors (such as tran-
scription factors), however, the exact mechanism of action for such factors have not been
elucidated. In yeast e.g. Mxrip, has been described as a key posilive regulator required for
methanol uiilization in Pichia pastoris (Lin-Cereghino ef al., 2006, Mol Cell Biol 26(3); 883~
897).

The inventors of the present invention have discovered that the conirolled expres-
sion of a single positive Tactor, encoded by the Prm1 gene from Pichia pasloris, as described
herein, can be sufficient in order to induce transcription from several methano! inducible pro-
moters without the need for methanol in the growth medium. As disclosed herein this princi-
ple has been demaonstrated using the Prm1 protein as a model proiein for the positive activa-
for and using the AOX1 or the DAS promoters for the controlied expression of a reporier
polypeplide. The results obtained have shown that it is possible to induce the AOX1 or the
DAS promoters simply by conirolling the expression of the prm1 gene and without the pres-
ence of methanol in the growth medium.

in one embodiment of the invention the positive regulator is expressed consiitutively
from a suitable promoter. Preferably the promoter is not the native promoier meaning that the
pramoter contrclling the expression of the positive regulator is different from the promoter
normally controliing the expression. In the context of the present invention such preferred
promoiers are termed “non-native”. The promoter could stilt be native to the host organism
but it will be foreign in the context of the gene in question, e.g. the prm1 gene. in one particu-
lar embodiment the promoler is selected from the group consisting of the GAP promoter
{glyceraldehyde-3-phosphate dehydrogenase promoter), the TEF1 promoter (Translational
elongation factor EF-1 alpha promoter), and the PGK promoter (phosphogiycerate kingse
promoter). The host cell according o the invention would normally express the positive regu-
iator from an endogenous gene present on the chromosome in addition to the expression
controlled by the non-native promoter as described above. In a further embodiment the en-
dogenous copy of the gene encoding the positive regulator could be inactivated, e.g. by dele-
tion, or the normal promoter controlling the endogenous copy of the gene could be replaced

by the chosen non-native promoter.

in another embodiment the expression of the positive regulator is controlled from an
inducible promoter which is not methanol inducibls.

3
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The positive regulator according to the inveniion is in one embodiment Prm1 as de-
scribed herein. In one particular embodiment Prm1 comprises the amino acid sequence of
SEGQ D NO: 1 or an allelic variant thereof; or a fragment thereof that has regulator activity.

5 in another particular embodiment, Prm1 consists of the amino acid segquence of
SEQ D NO: 1 or an aliglic variant therecf; or a fragment thereof; or a substitution, deletion or

addition of one or several amino acids that has regulator activity.

The term “polypeptide fragment’ is defined herein as a polypeptide having one or
10 more aming acids deleted from the amingo and/or carboxyl terminus of SEQ 1D NO: tora

homalogous sequence thereof, wherein the fragment has regulator aciivity.

The ferm “allslic variant” denocles hergin any of two or more aiternative forms of a
gene occupying the sames chromosomal locus.  Allelic variation arises naturally through mu-
tation, and may resull in polymorphism within populations. Gene mutations can be silent {(no

15 change in the encoded polypaptide) or may encods polypeptides having altered aming acid
sequences. An allelic variant of a polypeptide is a polypeptide encoded by an allelic variant

of a gene.

The relatedness between two amino acid sequences such as e.g. betweaen two func-

tional homologues is described by the parameter “identity”.

20 For purposes of the present invention, the alignment of two amino acid sequences is
determined by using the Needle program from the EMBOSS package (hitpi//emboss.org)
version 2.8.0. The Needle program implements the global alignment algorithm described in
Needieman, S. B. and Wunsch, C. D. (1970} J. Mol. Biol. 48, 443-453. The substifution ma-

trix used is BLOSUMBZ, gap opening penalty is 10, and gap extension penalty is 0.5.

25 The degree of identity between an amino acid seguence of the present invention (“in-
vention sequence”; e.g. amino acids 1 fo 889 of SEQ ID NO: 1 and 3 different amino acid
sequence (“foreign sequence”) is calculated as the number of exact matches in an alignment
of the two sequences, divided by the length of the "invention sequence” or the length of the
“foreign ssquence”, whichever is the shortest. The resuit is expressed in percent identity.

30 An exact match occurs when the “invention sequence” and the “foreign sequence”
have identical amino acid residues in the same positions of the overdap (in the alignment ex-
ampie below this is represented by ‘{"). The length of a sequence is the number of amino

acid residues in the seguencs.
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In the purely hypothetical alignment exampie below, the overlap is the amino acid se-
quence “HTWGER-NL” of Sequence 1; or the amino acid sequence "HGWGEDANL” of Se-
gquence 2. In the exampie a gap is indicated by a ",

Hypothetical alignment example:

ence 1: ACMSHTWGER~NL

Seguencs 2: HGWGEDANLAMNES

in one embodiment according o the invention the functional homologue of Prmt is
al least 70 % identical to SEQ 1D NO: 1, particularly at least 80 % identical to SEQ D NO: 1,
particularly at least 85% identical to SEQ 1D NO: 1, particularly at least 90%, more particu-
larly at leasi 95%, mosti particularly at least 98% identical to SEQ 1D NO: 1.

in another embodiment the functional homologue of Prm1 is encoded by & polynu-
cleotide which hybridizes under at least low slringency conditions with {i) nucleotides 1 to
2870 of SEQ ID NO: 2, or (i) a complementary strand of (i).

in another embodiment the functional homologue of Prm1 is encoded by a polynu-
cleotide which hybridizes under at least medium stringency conditions with {i) nucleotides 1
10 2970 of SEQ ID NO: 2, or (i) a complementary strand of (i).

in another embodiment the funciional homologue of Frm1 is encoded by a polynu-
cleotide which hybridizes under at least high stringency conditions with (i) nucleotides 1 to
2970 of SEQ ID NO: 2, or (i) a complementary strand of {i).

in another embodiment the funciional homologue of Prm1 is encoded by a polvnu-
cleotide which hybridizes under very high stringency conditions with (i) nuclectides 1 to 2870
of SEQ 1D NO: 2, or (i) a complementary strand of (i).

The positive regulator according to the invention may also be a functional homologue
of Prmt isolated from other yeast cells. Such functional homologues can be isolated starting
from the sequence shown in SEQ ID NO: 2, e.g. by using SEQ ID NG: 2 or & fragment
thereof, {0 design a nuclsic acid probe to identify and clone DNA encoding polypeplides hav-
ing regulator activity from sirains of different genera or species according o methods well
kniown in the art. In particular, such probes can be used for hybridization with the genomic or
cDNA of the genus or species of interast, following standard Southern biotting procedures, in
order to identify and isolate the corresponding gene therein. Such probes can be considera-
biy shorter than the entire sequence, but should be al least 14, preferably at least 25, more

5
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preferably at least 35, and most preferably at least 70 nuclectides in length. It is, however,
praferred that the nudleic acld probe is at least 100 nucleotides in length. For example, the
nucleic acid probe may be at least 260 nucleotides, preferably at least 300 nuclectides, more
preferably at least 400 nucleotides, or most preferably at least 500 nucleotides in length.
Even longer probes may be used, e.g., nucieic acid probes which are at least 600 nucleo-
tides, at legst preferably at least 700 nucleotides, more preferably at least 800 nucleotides, or
most preferably at least 900 nuclectides in length. Both DNA and RNA probes can be used.
The probes are typicaily labelled for detecting the corresponding gene (for example, with P,

34, 8, biotin, or avidin).

A genomic DNA or ¢cDNA library prepared from such other organisms may, therefore,
be screened for DNA which hybridizes with the probes described above and which encodes
a polypeptide having regulator activity. Genomic or other DNA from such other organisms
may be separated by agarose or polyacrylamide gel slectrophoresis, or other separation
techniques. DNA from the libraries or the separaled DNA may be fransferred o and immo-
bilized on nitrocellulose or other suitable carrier material. in order to identify a clone or DNA
which is homclogous with SEQ D NO: 2 or a subsequence therecf, the carrier material is

used in a Southern biot.

For purposes of the present invention, hybridization indicates that the nuclecotide se-
quence hybridizes (o a labelled nucleic acid probe corresponding o the nucleotide ssguence
shown in SEQ D NO: 2, its complementary strand, or a subseguence thereof, under very fow
to very high stringency conditions. Molecules {0 which the nucleic acid probe hybridizes un-

der these conditions can be delected using X-ray film.

For long probes of at least 100 nuclectides in length, very low fc very high stringency
conditions are defined as prehvbridization and hybridization at 42°C in 8X 88PE, 0.3% SDS,
200 ug/mi sheared and denatured salmon sperm DNA, and either 25% formamide for very
low and low siringencies, 35% formamide for medium and medium-high stringencies, or 50%
formamide for high and very high slringencies, following standard Southern blotling proce-

dures for 12 to 24 hours optimally.

For long probes of at least 100 nucleotides in length, the carrier material is finally
washed three times each for 15 minutes using 2X 8SC, 0.2% SDS preferably at least at
45°C {very low siringency), more preferably at least at 50°C {low stringency), more preferably
at least at 55°C (msdium stringency), more preferably at least at 60°C (medium-high strin-
gency), even more preferably atl least at 65°C (high stringency), and most preferably at least

at 70°C {very high stringency).
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In a particular smbodiment, the wash is conducted using 0.2X 88C, 0.2% $SDS pref-

erably at least at 45°C {very low stringency), more preferably at least at 50°C (flow slrin-
gency), more preferably at least at 55°C (medium stringency), more preferably at least at
60°C (medium-high stringency), even more preferably at least at 65°C (high stringency), and
most preferably at least at 70°C (very high stringency). in another particular embodiment, the
wash is conducied using 0.1X 88C, 0.2% SDS preferably at least at 45°C (very low sirin-
gency), more preferably at leasi at 50°C (low siringency), more preferably al least at 55°C
{medium stringency), more preferably at least at 60°C (meadium-high stringency), even more
preferably at least at 65°C (high stringency), and most preferably at least at 70°C (very high

stringency).

As described above the posifive regulator according to the invention may also be a
functional homologuse of Prm1 isolated from other yeast cells. According to one embodiment
of the invention one such candidate could be Mut3 encoded by the mut3 gene from Han-
senula polymorpha (syn. Pichia angusia). In the examples provided herein Prm1 has been
overproduced in Pichia pastforis. It is however possible that the same effect can be oblained
by overproducing Mul3 in Fichis or Prm1 in Hansenula or MUt3 in Hansenufa. This has not

been tested.
Therefore in & further embodiment of the invention the positive regulator is Mut3.

An increase in the level of positive regulator present in the host cell can also be pro-
vided by simply having multiple copies of the gene encoding the regulator present in the host

cell.

Even though the exact mechanism of action of the positive regulator, Prm1, has not
been elucidated it is most likely that the regulator will bind to the promoter regicn of the
methano! inducible promoter. In one particular embodiment of the invention the meathanol in-
ducible promoter controlling the expression of a heterologous polypeptide is therefore pro-
vided with additional binding sites for the positive regulator thereby increasing the positive
effact of the regulator.

The positive effect provided by increasing the level of positive regulator in the cell
could be dependent on the presence other faciors or it couid be independent. One such
other factor could be the Mxr1 protein (Lin-Cereghino ef a/., 2006, Mol Cell Biol 26(3); 883~
897). Therefore in a further embodiment according to the invention sxpression of the mxri
gene is alsc controlled by a non-native promoter, particularly the promoter selected from the

group consisting of the GAP promoter, TEF1 promoler, and PGK promoter.
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in the production methods of the present invention, the cells are cultivated in a nutri-

ent medium suitable for production of the polypeptide using methods well known in the art.
For example, the cell may be cuitivated by shake flask cuitivation, and smali-scale or large-
scale fermeniation (including continuous, batch, fed-batch, or solid state fermentations) in
5 laboratory or industrial fermentors performed in a suitable medium and under conditions al-
lowing the polypeptide o be expressed and/or isolated. The cullivation takes place in a
suitable nutrient medium comprising carbon and nitrogen sources and inorganic salts, using
procedures known in the art. Suitable media are available from commercial supplisrs or
may be prepared according to published compositions {e.g., in catalogues of the American
10 Typs Culture Collection). I the polypeptide is secraied into the nutrignt madium, the poly-
peptide can be recovered directly from the medium.  If the polypeptide is not secreted, it can

be recovered from cell lysates.

The polypeptides may be detected using methods known in the arl that are spedcific

for the polypeptides. These detection methods may include use of specilic antibodies, for-

15 mation of an enzyme product, or disappearance of an enzyme substrate. For example, an
enzyme assay may be used {o determine the activity of the polypeptide as described herein.

The resulting polypeptide may be recovered using methods known in the art.  For
example, the polypeplide may be recovered from the nulrient medium by conventional pro-
cedures including, bul not limited fo, centrifugation, filtration, extraction, spray-drying, evapo-

20 ration, or precipitation.

The polypeplides produced by the present invention may be purified by a variely of
procedures Known in the art inciuding, but not limited to, chromatography {(e.g., ion ex-
change, affinity, hydrophobic, chromatofocusing, and size exclusion), electrophoretic proce-
dures {e.g., preparative isosisciric focusing), differential solubility (e.g., ammonium sulfate

25  precipitation), SDS-PAGE, or exiraction (see, e.g., Frotsin Purification, J.-C. Janson and
Lars Ryden, editors, VCOH Publishers, New York, 1980).

in one particular embodiment the polypeptide produced from the host cell is haterclo-
gous to the host cell. in ancther embodiment the polypeptide is homologous to the host cell.

The effects observed in the present invention ars ilustrated in the examples below
30  showing that expression from selected promoters can be observed without the addition of
methanol io the growth medium. Addition of meathanol could possibly further enhance thg ob-
served effect of increasing the level of Prm1 in the host cell. A further embodiment of the in-
vention is therefore a method as described in all embodiments above for increasing the ex-
pression level of a heterologous polypeptide under the control of a methano!l inducible pro-

8
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moter in which method methanol is present in the medium, and Prm1 is expressed af in-
creased levels compared o a wild type cell. Preferably expression of the prm1 gene is con-

stitutive.

EXAMPLES

Materials and methods

Strains and plasmids

Pichia pastoris G3115 (genotype:his4, Invilrogen™)} was used as the host sirain for
protein expression. K. cofi DHSalpha (Invitrogen™), TOP10 (invitrogen™) or XL10
{Stratagene ™} were used as cloning hosts in construction of the expression vectors. The
plasmids pPICOK and pGAPZo (Invitrogen™)} were used Tor the construction of expression
plasmids and pCR2.1-TOPO (Invitrogen™), pT7Blue (Novagen™) were used for sub-cloning

of PCR fragments.

Transformation of Pichia pastoris:

Pichia pasioris strains are transformed by electroporation according to the manufac-
turer's protoco! (Invitrogen, Cat. #K1710-01). Competent cells are prepared as described and
stored in 40 ui aliquots at -70°C. Linearized plasmid DNA (500ng) is mixed with 40 ul of com-
petent cells and stored on ice for 5 min. Cells are transferred to an ice-cold 0.2 cm electropo-
ration cuvette. Transformation is performed using a BioRad™ GenePulser I, Paramelers
used were 15800V, 25 yF and 200 Q. Immediately after pulsing, cells are suspended in 1 mi

of ice cold 1 M sorbitol. The mixiures are plated on the relevant selection plates.

Medium and assay

RD medium (1M sorbitol, 2% dexirose, 1.34% veast nitrogen base, 4x10°%biotin,
0.005% L-glutamic acid, L-methinonine, L-ysine, L-leucine, and L-isoleucineg, 2% agar noble)
was used for the regeneration of transformants from Pichia pastoris GS5115 with his4 selec-
tion. In case of the selection with zeocin resistance, YPD agar {1% yeast exiraci, 2% psp-
tone, 2% glucose, 2% bacto agar) supplemented with 1M sorbitol and 100 micro g/mbLzsocin
was used for the regeneration. YPD {1% veast extract, 2% peptone and 2% glucose), YPGly
(1% yeast extract, 2% peptone and 2% glycerol) were used for the protein expression with
Pichia pastoris. When necessary, methancl was added to the culture broth after 1 day and
Zdays cultivation at the final concentration 1% or 2% (v/v). £.cofi sirains were cultivated with

LB medium (1.0% tryptone, 0.5% veast exiract, 1.0% NaCi) with relevant antibiotics.

g
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Phvitase assay method:

7.5 mM of sodium phyiate dissolved in the acetale buffer pH 5.5 is mixed with 1/2
volume of enzyme sample solution in the same acetale buffer containing 0.01% Tween 20.
After the incubation at 37°C for 30 minutes, the stop reagent containing 20mM ammonium
heptamoiybdate and 0.06% ammonium vanadale dissolved in 10.8% nifric acid is added to
generale yellow complex with released inorganic phosphate. The amount of released phos-
phats is measurad photometrically as the absorbance at 405 nm. One phytase unitis defined

as the amount of enzyme to release 1 pmol inorganic phosphate per minute.

FPhytase plate assay:

20 ul of supemnatant from the culture broth after 2-5 days incubation of the trans-
formanis is applied into a 4 mm hols punched in the following plate: 1% agaross plate con-
taining 0.1 M Sodium aceiate (pH 4.5) and 0.1 % Inositol Hexaphosphoric acid. The plate is
incubated at 37°C over night and a buffer consisting of 1M CaCl, and 0.2M Sodium acetale
{pH 4.5} is poured over the plate. The plate is lsft at room temperature for 1 h and the phy-

{ase activily identified as a clear zone.

PCR conditions

PCR reaction was typically carried out in the following or equivalently conditions:
Reaction mixtures contained 2mM dNTP, 10 pmol of forward and reverse primer, 2.8 unit of
Expand high fidelity mixture (Roche), 1X Expand high fidelity buffer (Roche), and 100 ug of

temnplate DNA. Reaction conditions are, for example;

Termnp (°C) Time Cycle
95 5 min 1
95 15 sec
48 30 sec 35
&8 3.5 min
68 10 min 1
10
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Exampis 1: Constitutive sxpression of Prm1 In a strain exprassing a phytase gene un-

der DAS1 promoler control

Cloning of TEF1 promoter and construction of pNo-TRP1{

Cloning of TEF1 (Translation Elongation Factor1) promoter from Pichia pastoris was
carried out by the following procedure. By alignment of the homologous regions of the TEF1
profeins from the yeasts Saccharomyces cervisiae, Candida albicanse, and Hanseniaspora

uvarum, the following degenerated primes were designed.

TEF1({f); 5-tlyaartaygenigggt-3’ {protein; FKYAWV) SEQIDNC:6and 7

TEFS(r); 5-aryigytertgrigeatyic-3° {protein; EMHHEQL) SEQIDNO:8and 8

FCR was carried out using 80 microl. of reaction including 4mM dNTP, 10 microM of each
primer, tunit of Taq polymerase (Rochs), 1X Tag buffer (Roche), and 100 ng of genomic
DNA of GS115 DNA. The PCR conditions were as shown below.

temp time cycle
94° C 1 min

55°C 1 min 30
72°C 3 min

The amplified 0.7 kbp fragment was purified and sub-cloned into TA-cloning vecior, pTBlue?.
The resulting plasmid was used for the sequence determination. The obtained DNA se-
quence and presumed amino acid sequence are shown in SEQ 1D NO: 3 and SEQ ID NO: 4
respectively. Since the oblained sequences had similarity to known TEF1 proteins, cloning of
the upstream region (SEQ ID NO: 8) comprising the promoler seguence was carried out us-
ing DNA walking Speed Up premix kit {Seegene, K1501} together with the following specific

primers.

TEF-TSP1,; 5'-tgacggtaacgiggtacti-3° SEQ D NO: 10
TEF-TSPZ; 5-ggagicicgaacticcacaa-3’ SEQ ID NO: 11

TEF-TSP3; B-agcgatgtcgatggigatac-3’ SEQ D NO: 12

11
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PCR was carried out using the 50 microl of reaction mixture including 4mM dNTP, 10 mi-
craM of TEF-TSP1 primer, 2.5 microM of DW-ACP2 primer in the kit, 1unit of Tag poly-
merase {Roche), 1X Tag-buffer (Roche), and 100 ng of genomic BNA. The PCR program

was as shown below.

femp fime cycle
94° C 5 min
42° G 1 min 1
72°C 2 min
84° C 30 sac
55° C 30 sec 20
72°C 100 sec
72°C 7 min 1

Case No.: IPR2023-00322
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PCT/EP2808/050870

A second PCR was carried out using 20 microl of reaction mixture including 2 mM dNTP, 10
microM of TEF-TSP2 primer, 10 microM of DW-ACPN primer from ths kit, 0.4 units of Tag

polymerase {(Roche), 1X Tag-buffer (Roche}, and 5 micro L of the purified PCR product from

the first round with the following program:

temp time cycle
54° C 3 min 1

04° C 30 sec

58°C 30 sec 30
72°C 100 s8¢

72°C 7 min 1

A third PCR was carried out using 50 microl. of reaction including 2mM dNTP, 10 microM of

TEF-TSP3 primer, 10 microM of Universal primer from the kit, 1 unit of Tag polymerase (Ro-

che), 1X Tag-buffer (Roche), and 1 micro L of 10 times diluted PCR product from the second

round with the following program:
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temp time cydle
84° C 3 min 1
94°C 30 sec
B85° C 30 sec 30
7270 100 sec
72°C 7 min 1

After three limes nested PCR, a 1.2 kbp fragment was amplified. This fragment was sub-~
cloned inio pT7Blus and the sequence was determined. The obtained sequence is shown in
SEQ ID NO: 8. The 1.2 kbp region upstream of TEF1 ORF was used as TEF1 promoter for

further experiment.

The plasmid pNo-TP10 is an expression piasmid for bacterial phytase under TEF1
promoter and carries a zeocin resistant marker gene. Construction of pNo-TP10 was carried
out as described. The TEF1 promoter and the codon optimized phytase gene was c¢loned
from genomic DNA of PFichia pasioris AB4 (see Example 2} using the following primers.
Primer 1 and 2 were used for the amplification of TEF1 promoter and primer3 and 4 were

used for phytase gena.

primert; §'- tacagggegegiggggataicagatccageteaictaggoa-3' (BamHl is underlined) (SEQ 1D
NO: 13)

primer2; 5'- tgaagatggatgggaaicteataiggtiggegaataactaaaatgtatgt-3’ (SEQ ID NO: 14)
primer3; 5'- acatacatittagtiaticgccaaccatatgagattceeaiceaictica-3" (SEQ D NG: 15)

primerd; 5'- taaticgeggecgeeciagggaalictiacicggigacagegeactegqg-3' (EcoRl is underlined)
(SEQID NO: 16)

FCR was carried out using 50 microk reaction including 2mM dNTP, 10 microM of each
primer, 2.8 unit of Expand high fiderlity mixiure (Roche), 1X Expand high fidelity buifer
{Roche), and 100 ng of genomic DNA. The PCR progran was as shown below.
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temp time cydle
84° C 2 min 1
94°C 10 sec
50°C 30 sec 11
88° C 3 min
94° C 10 sec
50°C 30 sec 20
68° C 3 min+20 sec/cycle
68°C 7 min 1
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An amplified 1.2 kKbp fragment of the TEF1 promoter and a 1.8 kbp fragment containing the

phylase gene including secretion signal were purified using gel exiraction and they were sub-

jectad fo a second round of PCR with primer1 and primer4 in order {o fuse these fragmenis

using the overlap generated in the first PCR. PCR was carried out using the 50 microl. of re-

action including 2mM dNTP, 10 microM of each primer, 2.8 unit of Expand high fiderlity (Ro-

che), 1X Expand high fidelity buffer (Roche), and 1l of the purified TEF1 promoter and 1ul of

the purified phytase gene. The PCR program was as shown below.

temp time cycle
84° C 2 min 1

94° C 10 sec

58° C 30 sec 11
68° C 3 min

94° ¢ 10 sec

58° G 30 s8¢ 20
868° C 3 min+20 sec/cycle

£8°C 7 min 1

The amplified 2.7 kbp fragment was sub-cloned intc pT7/Blue and the resultant plasmid was

designated pT12-8. The BamHi - EcoR! fragment from pT12-8 including the TEF1 promoter

14
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and the phylase gene was ligated with pGAPZo cut with Bglil and EcoRl {0 result in pNo-
TP10.

Cloning of DAS1 promoter and construction of pNo-DP3

The DAS1 promoter is known to be strongly inducible by methanol in Candida boidinii
{Yurimolo,H. Komsda,T. Lim,C.R. Nakagawa,T. Kondo,K. Kato,N. Sakal,Y.; Biochim. Bio-
phys. Acta 1403(1-2):56-63(2000).) The DAS1 gene encoding dihydroxyacetone synthase
was found in the genome sequence of Pichia pasforis by blast search as the homologue to
the DAST gene of Candida boindinii (EMBL: AF086822). Around 1kb of §-untlansiated region
of the DAS1T gene was isolated as a promoter region from genomic DNA of Pichia pastoris by
FPCR using the primers shown below;
primerd3; &'-tifiggtcalgealgacgicatagggagasaaaccgagac-3' (Nsil site is underlined) (SEQ 1D
NO:17)
primerd4; §'-cleatatgtitigatgitigatagtitiga-3' (Ndel site is underlined) (SEQ ID NO: 18)

The amplified 1kb fragment was sub-~cloned into the Nsil/Ndel sites of pCR2.1-TOPO and
used for the sequence determination of this fragment (SEQ 1D NO: 19). The 1kb of DAS1

promoter region was excised as an Nsil/Ndel fragment from pCR2.1-TOPQ and ligated with
piNo-TP10 digested with Nsil/Ndel generating pNo-DP2. To changs the marker gene from
zeocin resistant gene to His4 gene, a 1.4 kb Aatll fragment containing the DAS1 promoter
and a part of bacterial phyiase gene from pNo-DP2 was ligated 1o a 8.0 kb of Aatll fragment
from pPICNoT-G01651 (See Example 2) containing the rest of phytase gene and the Hisd

gene and bacterial vector. The generated plasmid was named phNo-DP3.

Cloning of Prm1 and consiruction of pGPrm

A gene, which we have named, Prm1 (positive regulator for methanol), and which
encodes a novel posilive regulator of methanol inducible promoters, was isolated from gs-

nomic DNA of Pichia pastoris by PCR using the primers shown below;

primear 32; &'-actatitcgaaatgectectaaacateggetg-3', (BsiBI site is underlined) (SEQ 1D NO: 20)

primer 33; §'-gtcgacttaactgeaaaatitaitg-3' (Sall is underlined) (SEQ 1D NO: 21)

PCR was carried out using the 50 pl of reaction inciuding 1X LA PCR buffer H {TAKARA),

2.5U of LA tag (TAKARA), 2.5mM MgCl;, 2.5mM dNTP, 1 microM of gach primer, 100 ng of
genomic DNA with the following program:
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temp time cycles
84° C 30 sec
85°C 30 sec 30
72°C 4 min

The obtained 1kb of fragment was sub-cloned into pCR2.1-TOPO. After confirma-
tion of the sequence, a 1 kbp fragment comprising the Prm1 gene (8EQ ID NO: 2} was
cloned into pGAPZa (Invitrogen) using the BsiBl and Sall restriction sites, resulling in
pGPrm. The plasmid pGPrm carries the Prm1 gene under GAP promoter conirol and a zeo-

¢in resistance gene as the selection marker.

Constitutive expression of Prm1 in DAS40, a sirain expressing phytase under DAS1 pro-

moter
The plasmid pNo-DP3 was transformed into Pichia pasforis 33115 with his4 selec-
tion. The generated transformants were re-isolated and tested for phytase expression using
YPD medium with methanol addition. One transformant, DAS40, was selecied as the strain
which showed phytase aclivity in presence of methanol.
The plasmid pGPrm was transformed into the Pichia pasioris DAS40, and transfor-
mants were isolated on zeocin plates. Generated transformants were cultivated in YPD me-
dium at 30°C for 2days with agitation, and phytase aclivity in the supermaiant of the culture

broth was measured by phylase assay. The resulls are shown in the iable below.

Strain Relative phytase activity
Transformant A 44.2
Transformant B 13.3
Transformant C 7.6
DAS40 1
16
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Exampis 2: Constitutive expression of Prm1 in the strain exprassing a phyiase gsane

under ADXY promoter

Media:
MD (1.34% YNB, 4X10°% biotin, 2% dexirose)

BMSY (1% yeast exiract, 2% peptone, 100mM potassium phosphate buffer, pH 8.0, 1.34%
YNB, 4X10°% biotin, 1% sorbitol)

Yector:

pPIC-NQT, Pichia pastoris expression vector under AOX1 promoter, which was derived by

eliminating the alpha-secretion signal from pPICSK (Invitrogen™).

To create pPIC-NoT vector plasmid pPICOK was digested with Bamil and EcoRl, and the
digested major fragment was isolated from agarose gel. A synithetic DNA fragment contain-

ing BamH! and EcoRi sites were created by annealing the following two oligoss:
NoT-1 P-GATCCTACGTAGCTGAG (SEQIDNO: 22)and
NoT-2 P-AATTCTCAGCTACGTAG (SEQID NO: 23)

The above synthetic DNA fragment was ligated into the digested pPICBK plasmid, and the

resuiting vector pPIC-NoT was verified by sequencing.

PCR Primers:

Oligo Name Gligc Seq

OA-Na GATCCAAACCATGAGATTCCCATCCATCTTCACTG  (SEQ ID NO: 24)
OA-Nb CAAACCATGAGATTCCCATCCATCTTCACTG (SEQID NO: 25)

OAPhy-R CATTCTGTTCCTCTCTCTTTTCCAAGGAAACACCTTC (SEQID NO: 26)

OAFhy-F g0aaaagagaGAGGAACAGAATGGAATGAAGTTGG (SEQIDNO: 27)

OPhy-Ca AATTCTTACTCGGTGACAGCGCACTC (SEQID NO: 28)

OPhy-Cb CTTACTCGGTCACAGCGCACTC  {(SEQID NO: 29)

17
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Plasmid:
pPICNOT-G01651
A codon oplimized Cifrobacter braakii phytase gens was used in pPICNoT-GO1651 in order

o increase the expression yield of the cb phytase in Pichia pastoris. The wild type Citrobac-
fer braakii phytase gene was maodified based on P. pastoris-preferred codon usage, by
means of replacing rare codons, sliminating repefitive AT and decreasing the GC content.

The designed sequence was also analyzed o avoid potential intron.

The modified phytase genes (G01851) fused to a modified alpha-factor secretion signal se-
quence were designed based on the codon bias of P. pastoris. The P. pastoris codon usage
table is from www.kazusa.jp as well as Zhao et af, 2000 {Zhao X, Huo KK, Li YY. Synony-
mous condon usage in Pichia pastoris. Chinese Journal of Biotechnology, 2000, 16(3): 308-
311} Rare codons for arginine were eliminated. Besides substitution of rare codons, the total
G+C content was decreased below 50%, and AT-rich regions were modified to avoid prema-
ture termination. In addilion, cryplic infrons within modified coding regions were eliminated as
described in co-pending Danish patent application PA 2006 §1042 / NZ10978.000-DK. The
synthetic gene sequence is shown in SEQ 1D NO: 30 {complete ORF without signal se-

quence).
The expression plasmid pPICNoT-G01651 was generated as described below:

The PCR fragment encoding the mature form of cb phytase (SEQ 1D NO: 30) fused in-
frame with optimized o-factor signal peptide (SEC 1D NO: 31) was created by overiap exten-
sicn PCR method as follows: the fragment | containing o -facior signal peptide was amplified
from pJ2:G01468 plasmid {pJ2:G01468 was generated by DNA2.0, and contains the mature
form of plectasin fused with o-facior secretion signal which was maodified based on P. pasforis
codon usage) with specific primers OA-Na and OAPhy-R, while the fragment Il encoding ma-
ture phytase was ampiified from plasmid pJ2:G01651 (generated by DNAZ.Q and contains
the synthelic phylase gene encoding mature form of C. braakii phytase) using speacific prim-~
ars CAPhy-F and OPhy-Ca. Then fragment | and Il were mixed and used as 3 template for
2™ step PCR amplification with specific primers OA-Na/b and OPhy-Ca/b to obtain the tar-
geted PCR fragment. The DNA fragment was purified by gel exiraction kit then sub-cloned
into pPIG-NoT vector at BamHl and EcoRl sites. The resulting expression construct was con-

firmed by sequencing.
Expression test in a 3mi scale:

Expression fest of the selected transformants was done in a 3mi scale using 24-deep

well plates (Whatman, UK). Each transformant was grown in BMSY media for 2.5 days ai
18
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28°C with vigorous shaking (200rpm); then 300 ul 0.5% methanol was added to each weil
every day for 4 days o induce heterogensous gene expression. Samplas of medium culture

were taken daily during induction, stored at -20°C for phytase activity assay.

Constitutive expression of Prm1 in AS4, a sirain expressing phvtase under AOX1 promoter

The expression plasmid pPICNoT-G01657 was itransformed into FPichia pasiforis
GS115 with hiis4 selection, and generated transformants on MD agar with 1M sorbitol were
re-isolated and tested for phytase expression in 3 mi scale. One isolate, AS4, was selecied
as the strain which shows phytase aclivity in presence of methanol. The plasmid pGPrm was
subsequently transformed into A94 and transformants were isolated with zeocin resistance.
isolated transformants wers cultivated in YPD medium at 30°C for 2 days with agitation, and
phylase activities in the cullure supernatanis were measurad by phylase assay. The results

are shown in the table below.

Strain Relative phylase activity
Transformant 1 1.88

Transformant 2 2.57

Transformant 3 3.0

AL4 1

Example 3: Gene disruption of Prm1 in Pichia pasforis G38115 and derived strains

A 1571 bp gene fragment §' to the PRM1 gene was ampilified by PCR using the prim-
8rs:

JPZ3/PRM1-E-forw-NY: 5 GCGCCGAATTCCACAGGGCTTGCTAAGAAATC 3 (SEC ID NO:
32); and
JP26/PRM1-5-rev - NY: 5 GAAGGGAGATTAATACAGGGC 37 (SEQ 1D NO: 33)

A 1473 bp gene fragment 3" to the PRM1 gene was amplified by PCR using the primers:

JP17/PRM1-3'forw-NY: 5" GATTGGACCACTGCGCCAGATAC 3 (SEQID NO: 34); and
JP19/PRM1-3-rev-NY: § GCGCGTCGACCCACCCOAGGATAAGAAGS 37 {(SEQ ID NG: 35)

19
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A 3382 bp fragment containing the HIS4 gene inciuding promotsr and terminator was ampli-

fied by PCR using the primers below (in each end the fragment contains a 20 bp overlap to
FRM1 & and 3 regions, respectively, intended for SOE-PCRY;

JP13/HIS4-Torward-NY: 5 CCCTGTATTAATCTCCCTTCATCAGAATTGGTTAATTGGTTG 3
{SEQID NO: 36); and

JP15/HIS4-rev-NY: 5 TCTGGCGCAGTGGTCCAATCATCOATAAGCTTTAATGCGS 3
(SEQ ID NO: 37)

The three above described gene fragments are fused in the following order: PRM1-
5+ HiS4 + PRM1-3) using SOE-PCR (Splicing by Overlapping Extension PCR) creating a
prmt deletion fragment having the selectable HIS4 marker flanked by the 5 prm1 fragment
and the 3’ prm1 fragment.

The prmt deletion fragment was subsequently transformed info G5115 {having a
his4-minus phenotype) which allows for selection of transformants on a minimal medium
without histidine. A sirain deleted for the prm1 gene, PFJo435, was characterized by FCR
analysis. Three different PCR’s were run in order to verify a correct prmt-deletion:

A} A POR that would give a product of 704 bp in case PRM1 was NOT dsleted — us-

ing primers:

JPE8/PRM1-orf-forw-test?: § CTGGAGCAGAGTATACAGCC 3 (SEQ 1D NO: 38);

and
JP59/PRM1-orf-rev-test8: 5 CTCAATAAATGCGGGTCTETS 3 (SEQ ID NO: 39)
B) A deletion specific PCR that would give a product of 1850 bp in case of PRM1
deletion — using primers:
JP3Y/PRM1-5forw-test!: 5 CCTGGTTGATCAGCTCCACC 3 (SEQ ID NO: 40}
and

JP33/HIS4-rev-test3: 5 CCCGTCAAGTCAGCGTAATGC 3" (SEQHD NO: 41)

C) A deletion specific PCR that would give a product of 1550 bp in case of PRM1

deletion — using primers:

JP32/IPRM1-3rev-test2: 5 CTCCCTCTCCAGCTGCTTCG 37 (SEQ 1D NC: 42); and
JP34/HIS4forw-testd: & CGGTGCCTGACTGCGTTAGC 3 (SEQ 1D NO: 43)
20
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Strain PFJ0o435 did not result in 2 PCR product from PCR A, but resulted in the predicted de-

letion specific PCR product from B and C — showing that PRM1 has been deieted in

PFJo435.

A Prm1 gene delstion mutant of GS115, PFJo435, could not grow on MM (1.34%
YNB, 4X107% biotin, 2% methanol), while a wild type sirain, G8115H, showed nice growth

after 2 days cultivation at 30°C. The expression levels from the ACX or DAS promoters in the

presence of methanol, e.g. measured as the phytase gene expression under the control of

the DAS promoter or AOX promoter in DAS40 or AB4 derivatives, were reduced in the Prm1

deleted derivatives. The reduced aclivity is aftributed, to some exient by the exogenous

Frm1 gene. The resulls on the DAS promoler are shown below,

Strain construction phytase vield | phylase yield
with methanol | with glucose
{relative) (relative)

PFJo435 / pNo-DP2 (DAS-phytase) 0.015 0.9

PFJo436 7 pNorii2 (DAS-phytase + GAP-Prm) | .43 3.7

DAS 40 1 1

DAS40 and pNo-DP2 are described before in example 1.

Construction of pNori12 arg shown below.

Construction of pNorit2

For the co-expression of the phylase gene from the DAS promoter and the Prm 1
gene from the GAP promoler, pNorit2 was constructed.

To replace the lerminalor part, the original terminator of Prm was cloned using follow-

ing primers:

pri36; 5'-ataaatitigacagtizagicgaccicigtaaattaatigataatitcaa-3' (SEQ 1D NO: 44)

pri37; 5-caatgatgatgatgatgalggicgacgitiaaactiaatiaaaagggaaatitacaagee-3' {SEQ 1D NO:

45)

PCR was carried out using a total of 50microb reaction mixture including 2mM dNTP,

10 microM of each primer, 2.8unit of Expand high fidelity plus (Rosche), 1X Expand high fi-

delity buffer (Rosche), and 100ng of genomic DNA of G8115. The PCR program was as ds-

scribed below.

21
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temp time cydle
84° C 2 min 1
94° C 10 sec
55°C 30 sec 11
88° C 3 min
94° C 10 sec
55°C 30 sec 20
68° C 3 min+20 sec/cycle
68° C 7 min 1

The amplified 500bp of fragment was inserted in the Sall site of pGPrm using In-Fusion PCR

cloning kit {Clontech} to fuse it with the ORF of Prm, resulting in pNorit1. In order to make
the expression plasmid which has GAP-Prm and DAS-phytase, the 3354 bp of SnaBl-Kmal

fragment which carries a phyiase expression cassetie confaining DAS promoter was isolated

from pNo-DP2 and ligated to 5323bp of Xmal-Pmel fragment of pNoritt, resulling in

pNori12. The plasmid pNori12 carries the Prm1 gene under GAP rpmoter control, phylase

gene under DAS promoter control, and a zeocin resistant gene as the selection marker.

Exampls 4: Constitutive expression of Mxri

Mxr1, a gene from Pichia pasioris reporied {0 be a posilive regulator for methanol induciion

{ G. P. Lin-Cereghino et al,MOLECULAR AND CELLULAR BIOLOGY, Feb. 20086, p. 883-

897 Vol. 26, No. 3 ), was isolated from genomic DNA of Pichia pastoris by PCR using the

primers Mxr-F and Mxr-R. The sequence of the primers and the PCR condilions are shown

below.
PCOR primers:
Oligo name Oligo Seq
Mxr-F ATTGAACAACTATTTCGAAACCATGAGCAATCTACCCCT
(SEQ D NQ: 46)
Mxr-R GAGTTTITGTTCTAGAATGACACCACCATCTAGTCGG

(SEQ ID NO: 47)

22
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CR conditions

Temp (°C) Time Cycles
95 5 min 1

b 15 sec

48 30 s8¢ 35

68 3.5 min

68 10 min 1

A 3.5 khp PCR fragment digested with BstBl and Xbal was mixed with pGAFZa di-
gested with the same enzymes followed by ligation. The resulling plasmid pGMxr carrigs the
Mxr1 gene under GAP promoter control and a zeocin resistance gene as the fransformation
marker. The plasmid pGMxr was transformed into Pichia pastoris DAS40 andl/or AS4. The
transformants were isolated on zeocin plates. Gensrated fransformants wers cultivated in
YPD medium at 30°C for 2 days with agitation, and phytase activily in the supernatant of cui-
ture broth was measured. The effect of constitutive expression of the Mxr 1 gene was ob-
served as increased phytase activily in YPD medium in the fransformants after introduction
of pGlxr.

Transformant pGMxr phylase activity

by plate assay

Mxr#23 / DAS4D Yes +
DAS40 No -
Transformant pGMxr Phytase vield

{relative)

AMxs2 / A%4 Yes 7.6
A4 No 4

The plasmid pGMxr is modified to replace the selection marker gene with e.g. ura3,
adeZ, arg4, hygromycin resistant gene, resulling in pGMxr-m. Furthermore, the promoter re-
gion can be replaced with another promoter such as PGK1 promoter or TEF1 promoter, giv-
ing pPhxr-m or pTMxr-m. The plasmid pGMxr-m, pPMxr-m or oTMxr-m is transformed into
Pichia pastoris Transformant A or Transformant 3 with necessary modification for the frans-
formation. Newly generated transformants are cullivated in YPD medium at 30°C for 2 days

with agitation, and phytase activity in the supernatant of culture broth is measured.
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CLAIMS

1. A method for producing a polypeptide in a methylotrophic yeast host cell, wherein
exprassion of the polypeptide is conirolled by a methanol inducible promoter, comprising: i)
expression of a positive regulator from a non-native promoter, sald positive regulator

activating transcription fram the methancol inducible promoter, and i) no addition of methanol.

2. The method according to claim 1, wherein the methyiotrophic yeast host cell is
selected from the group consisting of Pichia, Hansenula, Candida, and Torulopsis

3. The method according fo claims 1 or 2, wherein the methano! inducible promoter is
selected from the group consisting of the AOX1 promoter, DHAS promoter, FDH promoter,
FMDH promoter, MOX promoter, AOX2 promoter, ZZA1, PEXE-, PEXS-, PEX14-promoter.

4. The method according to any of the preceding claims, wherein expression of the

positive reguiator is constitutive.

5. The method according to claim 1, whergin the posilive reguiator is Prm1 shown in
SEQ ID NO: 1 or a funciional homologus thereof.
6. The method according to claim 5, wherein the funclional homologue is al lsast 85%
identical 1o SEQ ID NO: 1, preferably at least 90%, more preferably at least 95%, most
preferably at least 98% identical to SEQ 1D NO: 1,

7. The method according to any of claims 4-8, wherein the positive regulator is under
the control of the GAP promoter, TEF1 promoter or PGK promoter.

3. The method according to claim 1, wherein expression of the positive regulator is
inducible.
9. The method according to any of the preceding claims, whersin the gene encoding

the positive regulator is present in multicopy.

10. The msthod according to any of the claims 1-8, wherein the methanol inducible

promoter is provided with additional binding sites for the positive regulator.

24
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11. The method according to any of the preceding claims, wherein the mxr1 gene is

controlled by a non-native promoter.

12. The method according to claim 11, wherein mxr1 is under the control of the GAF

promoter, TEF1 promoter, or PGK promoter.

13. The method according claim 2, wherein the Pichia host cell is selected from the

group consisting of P. pastoris, P. methanolica, P. angusta, P. thermomethanolica.

14. The mesthod according to claim 2, wherein the Hansenula host cell is sslecied from

the group consisting of Hansenula polymorpha.

15. The method according to claim 2, wherein the Candida host cell is selected from the

group consisting of Candida boidinii.

18. The method according to any of the preceding claims, whergin the promoter
controlling the endogenous copy of the positive regulalor is also replaced by a non-native
constitutive promoter.

17. The method according to any of the preceding claims, wherein the polypeptide is
heterologous to the host cell.

18. The method according o any of the claims 1-18, whersin the polvpeptide is

homologous to the host cell.
18. A method for increasing the expressicon level of @ heterologous polypeptide under

the control of a methanol inducible promoter, comprising providing constifutive expression of

the prm1 gene.

25
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Case No.: IPR2023-00322
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UNITED STATES PATENT AND TRADEMARK OQFFICE

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

P.0. Box 1450

Alexandria, Virginia 22313-1450

WwWw.usplo.gov

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

15/678,342 08/16/2017 Smita Shankar 38767-0048002 1018

26191 7590 12/13/2018 I
FISH & RICHARDSON P.C. (TC)

PO BOX 1022 LEITH, NANCY J
MINNEAPOLIS, MN 55440-1022

UNITED STATES OF AMERICA I ART UNIT I PAPER NUMBER I

1636

EXAMINER I

I NOTIFICATION DATE l DELIVERY MODE I

12/13/2018 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 altached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following c-mail addrcss(es):
PATDOCTC@fr.com

PTOI.-90A (Rev. 01/07)
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Case No.: IPR2023-00322
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UNITED STATES PATENT AND 'I'RADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450

www.uspto.gov

FISH & RICHARDSON P.C. (TC) : NOTICE OF WITHDRAWAL
PO BOX 1022 : FROM ISSUE
MINNEAPOLIS MN MINNESOTA 55440-1022 : UNDER 37 CFR 1.313(b)
In re Application of: (/9/\ \fb\ é(
Shankar, et al

Serial No. 15/678342

Filed: 08/16/2017

For: EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY
ENGINEERING METHYLOTROPHIC YEAST

This application is being withdrawn to permit reopening of prosecution. See 37 CFR
1.313(b).

The above-identified application is hereby withdrawn from issue.

The issue fee is refundable upon written request. If, however, the application is again found
allowable, the issue fee can be applied toward payment of the issue fee in the amount
identified on the new Notice of Allowance and Issue Fee Due upon written request. This
request and any balance due must be received on or before the due date noted in the new
Notice of Allowance in order to prevent abandonment of the application.

Telephone inquiries should be directed to the SPE, Anne Gussow at (§71)272-6047.

'I'he above-identitied application is being forwarded to the examiner for prompt appropriate
action, including notifying applicant of the new status of this application.

;

/ W%‘af\
W. Gary Jones, Director
Technology Center 1600
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Case No.: IPR2023-00322
U.S. Patent No. 10,273,492

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 12/26/2018
FISH & RICHARDSON P.C. (TC) LEITH, NANCY J
PO BOX 1022
MINNEAPOLIS, MN 55440-1022 | ART UNIT PAPERNUMBER |
1636
DATE MAILED: 12/26/2018
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
15/678,342 08/16/2017 Smita Shankar 38767-0048002 1018

TITLE OF INVENTION: EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING METHYLOTROPHIC YEAST

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $1000 $0.00 $1000.00 $0 03/26/2019

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at

www.uspto.gov/PatentMaintenanceFees.
Page 1 of 3

PTOL-85 (Rev. 02/11) Motif Exhibit 1039, Page 1194 of 1288



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

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 12/26/2018 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. |

15/678,342 08/16/2017 Smita Shankar 38767-0048002 1018

TITLE OF INVENTION: EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING METHYLOTROPHIC YEAST

| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1000 $0.00 $1000.00 $0 03/26/2019
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
LEITH, NANCYJ 1636 435-254230
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
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Case No.: IPR2023-00322
U.S. Patent No. 10,273,492

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. |
15/678,342 08/16/2017 Smita Shankar 38767-0048002 1018
| EXAMINER |
26191 7590 12/26/2018
FISH & RICHARDSON P.C. (TC) LEITH, NANCY J
PO BOX 1022
MINNEAPOLIS, MN 55440-1022 | ART UNIT PAPERNUMBER |

1636

DATE MAILED: 12/26/2018

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

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, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation JY'e¥aFShipig@BRibRge 1197 of 1288



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

Application No. Applicant(s)
B . 15/678,342 Shankar et al.
Notice OIAllowab//”:V Examiner Art Unit AlA Status
NANCY J. LEITH 1636 Yes

-- 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 the Information Disclosure Statements filed November 9, 2018 and December 7, 2018.
[J 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 1-14 . 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. [ Certified copies of the priority documents have been received.
2. [J Certified 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 areply 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. 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)

1.0 Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.[¥) Information Disclosure Statements (PTO/SB/08), 6. (J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 20181109 & 20181207.

3.0 Examiner's Comment Regarding Requirement for Deposit 7. [J Other -

of Biological Material
4.3 Interview Summary (PTO-413),
Paper No./Mail Date.
/NANCY J LEITH/
Primary Examiner, Art Unit 1636

U.S. Patent and Trademark Office :
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20181213
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Case No.: IPR2023-00322
U.S. Patent No. 10,273,492

Application/Control No. Applicant(s)/Patent Under Reexamination
Search Nofes 15/678,342 Shankar et al.
H“N“W “H“‘ “ “H“‘ o o
NANCY J LEITH 1636
CPC - Searched*
Symbol Date Examiner
No classified search made. 11/29/2017 JK
No classified search made. 06/08/2018 JK
No classified search made. 08/10/2018 JK

CPC Combination Sets - Searched*

Symbol Date Examiner

US Classification - Searched*

Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of the
search.

Search Notes

Search Notes Date Examiner
Inventors' names searched. 11/29/2017 JK
Priority checked. 11/29/2017 JK
BRS search attached, 11/29/2017 JK
[MEDLINE search terms and strategy as for BRS search.] 11/29/2017 JK
Updated from previous searches. 06/08/2018 JK
Updated from previous searches. 08/10/2018 JK

Interference Search

US Class/CPC
Symbol

US Subclass/CPC Group Date Examiner

Interference search part of BRS search (US-PGPUB). | 08/10/2018 JK
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UNITED STATES PATENT AND TRADEMARK OFFICE PRESORTED
COMMISSIONER FOR PATENTS FIRST-CLASS MAIL
P.0.BOX 1450 U.S. POSTAGE PAID
- POSTEDIGITAL
ALEXANDRIA VA 22313-1451 NNNNN

FISH & RICHARDSON P.C. (TC)
PO BOX 1022

MINNEAPOLIS, MN 55440-1022
UNITED STATES OF AMERICA

Courtesy Reminder for
Application Serial No: 15/678,342

Attorney Docket No: 38767-0048002
Customer Number: 26191
Date of Electronic Notification: 12/26/2018

This is a courtesy reminder that new correspondence is available for this
application. If you have not done so already, please review the
correspondence. The official date of notification of the outgoing
correspondence will be indicated on the form PTOL-90 accompanying the
correspondence.

An email notification regarding the correspondence was sent to the following
email address(es) associated with your customer number:
PATDOCTC@fr.com

To view your correspondence online or update your email addresses, please
visit us anytime at https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC)
at EBC@uspto.gov or call 1-866-217-9197.
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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 22314-1450
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.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

26191 7590 12/26/2018 papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

FISH & RICHARDSON P.C. Certificate of Mailing or Transmission

P.O. BOX 1022 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 cuvelope
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.

MINNEAPOLIS, MN 55440-1022

(Typed or printed name)
(Signature)
(Date)
| APPLICATION NO. ] FILING DATE ] FIRST NAMED INVENTOR l ATTORNEY DOCKET NO. | CONFIRMATION NO. |
15/678,342 08/16/2017 - Smita Shankar 38767-0048002 1018
TITLE OF INVENTION: EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING METHYLOTROPHIC YEAST
I APPLN. TYPE | ENTITY STATUS ] ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE ‘ TOTAL FEE(S) DUE | DATE DUE I
nonprovisional LARGE $1000 $0 $1000 03/26/2019
[ EXAMINER |  artunr | cLasssuscass |
LEITH, NANCY J. 1636 435-254230
1. Change of correspondence address or indication of "Fee 2. For printing on the patent front page, list
Address” (37 CFR 1.363). .
(1) The names of up to 3 registered patent attorneys
[] Change of correspondence address (or Change of or agents OR, alternatively, 1 Fish & Richardson P.C.
Correspondence Address form PTO/SB/122) attached. (2) The name of a single firm (having as a member
[1 "Fee Address” indication (or "Fee Address" Indication aregistered attorney or agent) and the names of 2
form PTO/SB/47, Rev 03-09 or more recent) up to 2 registered patent attorneys or agents. If
attached. Use of a Customer Number is required. no name is listed, no name will be printed. 3

had

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)
Impossible Foods Inc. Redwood City, CA
Please check the appropriate assignee category or categories (will not be printed on the patent): [ ] Individual [X] Corporation or other private group entity [ ] Government
4a. Fees Submitted: [X] Issue Fee [ ]Publication Fee (if required) [ ] Advance Order - # of Copies

4b. Method of Payment (Please first reapply any previously paid fee shown above):
[X] Electronic Payment via EFS-Web [ ]1Enclosed check [ ] Non-electronic payment by credit card (Attach form PTO-2038)
[X] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment, to Deposit Account No. 06-1050
5. Change of Entity Status (from status indicated above)
[ ] Applicant certifying micro entity status. See 37 CFR 1.29 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.
[ 1 Applicant asserting small entity status. See 37 CFR 1.27. NOTE: If the application was previously under micro entity status, checking this box will be taken as
a notification of loss of entitlement to micro entity status.
[ 1 Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken as a notification of loss of entitlement to small or micro entity
status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature /M. _Angela Parsons/ Date /March 26, 2019/

Typed or printed name _M. Angela Parsons, PhD. Registration No. _44,282
PTOL-85 Part B (08-18). Approved for use through 1/31/2020 OMB 0851-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
61880135.doc
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450

www.usplo.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

12126/2018 ) | ' EXAMINER I
FISH & RICHARDSON P.C. (TC) LEITH, NANCY J
PO BOX 1022
MINNEAPOLIS, MN 55440-1022 | ART UNIT | papcrNumeer |

1636
DATE MAILED: 12/26/2018
I APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. I CONFIRMATION NO.
15/678,342 08/16/2017 Smita Shankar 38767-0048002 1018

TITLE OF INVENTION: EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING METHYLOTROPHIC YEAST

I APPLN. TYPE l ENTITY STATUS I ISSUE FEE DUE I PUBLICATION FEE DUE l PREV. PAID ISSUE FEE l TOTAL FEE(S) DUE I DATE DUE I

nonprovisional UNDISCOUNTED $1000 $0.00 $1000.00 $0 03/26/2019

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTI THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at

www.uspto.gov/PatentMaintenanceFees.
Page 1 of 3

PTOL-85 (Rev. 02/11)
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Electronic Acknowledgement Receipt

EFS ID: 34502371
Application Number: 15678342
International Application Number:
Confirmation Number: 1018
. . EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING
Title of Invention: METHYLOTROPHIC YEAST
First Named Inventor/Applicant Name: Smita Shankar
Customer Number: 26191
Filer: M. Angela Parsons/Judith Witzel
.  Filer Authorized By: M. Angela Parsons
Attorney Docket Number: 38767-0048002
Receipt Date: 07-DEC-2018
Filing Date: 16-AUG-2017
Time Stamp: 11:45:10
Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $1440
RAM confirmation Number 120718INTEFSW00012370061050
Deposit Account
Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any ovérpayment as follows:
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Attorney Docket No.: 38767-0048002

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor : Smita Shankar Art Unit o 1636

Application No. o 15/678,342 Examiner : Nancy J. Leith

Filed : August 16, 2017 Conf. No. : 1018

Title . EXPRESSION CONSTRUCTS AND METHODS OF
GENETICALLY ENGINEERING METHYLOTROPHIC YEAST

MAIL STOP ISSUE FEE

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 after a Final Office Action or a Notice of Allowance, but
before payment of the Issue Fee.

Certification under 37 CFR § 1.97(e)(1)

Each item of information contained in this Information Disclosure Statement was first
cited in any Communication from a foreign Patent Office in a counterpart foreign application not
more than three months prior to the filing of this Information Disclosure Statement.

Please apply any necessary 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: /March 26, 2019/ /M. Angela Parsons/

M. Angela Parsons, Ph.D.
Reg. No. 44,282

Customer Number 26191
Fish & Richardson P.C.
Telephone: (612) 335-5070
Facsimile: (877) 769-7945

61853714.doc
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Sheet _1_of _1_
Substitute Disclosure Form U.S. Department of Commerce | Attorney Docket No. Application No.
Patent and Trademark Office 38767-0048002 15/678.342
Information Disclosure Statement Applicant
by Applicant Impossible Foods Inc.
(Use several sheets if necessaty) Filing Date Group Art Unit
(37 CFR §1.98(b)) August 16, 2017 1636
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
1. EP 2669375 12/4/2013 EP

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

Examiner | Desig.
Initial ID Document
) Mitrophanov, A. Y., and Groisman, E. A. “Positive feedback cellular control systems.”
’ BIOESSAYS, Vol. 30, No. 6, Pages 542-555, 2008
3 Mitrophanov et al., “Positive autoregulation shapes response timing and intensity in two component
) signal transduction systems.” J MOL BIOL, Vol. 401, No. 4, Pages 671-680, 2010

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

) TNERRA LR
o Europen ? : R
Patent Offirs
Dffice aurapien
oy ercwlsw {'} 1} EP 2 669 375 A1
(12) EUROPEAN PATENT APPLICATION
published int acoordance with Art, 153{4) EPC
{43} Date of publication: {81} IntCL
04.12.2013 Bulletin 2013/49 C12N 15/Q9 90654 CO7K 16724 (200689
C12N 1119 (200831 C12P 31100200807

{21} Application number: 12739392.4

{22} Date of fling: 19.01.2012

{86} International application rumber:
PCTHP2012/651102

(87} Internationat publication number:
WO 2612M02171 (02.08.2012 Gazette 2012/31)

{84} Designsted Condracting States:
ALATBEBGCHCYCZDEDKEEESFIFRGEB
GRHRHUIEISITULTLULY MC MK MT NLNO
PL PT RO RS SE SISK SM TR

{30} Priority: 27.01.2011 JP 2011015719

{71} Apglicant: Kaneka Corporation
Osaka-shi, Osaka 530-8288 (J#)

{72} Inventors:

« NISH] Teruyuki
Takasageo-shi
Hyogo 676-8688 (JP)

¢ {SHIGURD Kojiro
Takasago-shi
Hyogo 676-8688 (4P}

{74} Representative; HOFFMANN EITLE
Patent- und Rechisanwalte
Arabellasirasse 4
81925 Miinchen {DE)

{54)

{57}  Anabject of tha present invention it to improve
the production sfficiency of a target protein in a trans-
formant using a yeast cell as 3 host. The present inven-
ficn provides @ yeast sxpressing an MPP1 homolog at
high levels, in particular, a methanol-assimitating yeast,

YEAST FOR TRANSFORMATION AND PROCESS FOR PRODUCING PROTEIN

a transformant prepared by introducing 8 gene encoding
a target protein ine said yeast, and a mathod for produn-
ing a target protedn using said transformant.

Printag by Jinive, THICT PARIZ (FR}
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Case No.: IPR2023-00322
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EP 2 669 375 A1
Description
Technicai Field

[0R01F The present invertion is infended lo improve protein production using a yeast host. The presend inveation
relates o a yeastin which a particular transcription factor gere is introduced and/ar activated and a method for produsing
a protein using such ysast.

Background Art

[0002] [nrecentyears, hosts suilable for proteins of interest, such as animal cells{e.g., CHQOJ, Insedts {e.g., sitk worm},
insect cells, animals {e.g., chickens and cows}, and microorganiams {e.g., £. coff and yeast), have been used in order
to produce proteins via genetic recombination. in particular, veast cells can be cultured in farge-scale, high-density
culture systems in cost-effective meadia, and proteins can be produced at low cost. In addition, prateins can be secreted
and expressed in a cullare solution of yeast cells by uging & signal peptide or the like, therefore, a process for purifying
prafeing is easy. Further, yeast cells are advantageous in that they are sukaryolic arganisms and post-transiational
muodifications such as glycosylation is possible.

[0003} When a yeast is used as a host, hawever, praductivity varies significantly depending on {arget proteins, and
pradicls may occasionally be influenced by the type of carbon source utifized. Examples of sueh influence inciude
saccharification caused by glucose and oxidation caused by methanal.

[0004] [n order to overcome such prodiems, use of methanol-assimilating yeasts, such as yeasts of the genus Pichia,
yeasts of the genus Candida, and yeasis of the genus Torulapsie as hosts has been examined, and production of the
graan fluorescent profein, fiuman serum albursin, the hepatitls B surface antigen, the human epidermai growth factar,
and hirudin has been reported (Non-Patent Document 1),

[0005}  tn order to produce a protein, a nucleotide sequerce region {i.e., a promoter} is necessary for transcription of
3 gene encoding such protein in a site upsiream of such gene. {n addifior {o 2 RNA polymerase that reads the nucleotide
seguence of the femplate DNA and synthesizes (franscribes) complementary RNA, a variety of transcription regulators
ars invelved in promotion or suppression of transcription.

[0006} NMethanolassimitating yeasts begin to utitize mathanol as a nutrient scurce, such utifization is mediated by an
alooho] oxidase [ADX} or methanot oxidase {MDX), and the ACX or MOX gene is transoribed prior thereta. A nucientide
sequence ragion {i.e., a promater) for transcription of the AOX or MOX gene is focated in an upstream region theredt.
For example, an MQX promoter is known o have two different transeription intiation points depending on the carbon
source (Non-Fafert Document 2}, Non-Patent Decument 2 also suggests that a pluraiity of factors are associated with
the MOX promoter.

[000B7] Since the AOX and MOX promoters for methanol-assimilating veasts are potent promoters, such promoters
are usad far protein groduction. In arder o achisve the high-level production of a targel prolein via a general means,
rrrany probiams stif need o be resolvad.

Prior Art Documents
Maon-Ratent Documents
[0008]

Nan-Patent Document 1: Gellissen, G., Appl. Microbicl. Bistechnal., Dec. 2000, 54(8}: 741-80
Non-Patent Document 2: V., Gents ef al, Eur, J. Biochem., 270, 2467-2475, 2003

Summary of the nvention

Problem to be Salved by the Invention

[0009F K is an object of the present invention to improve the production efficiency of & target protein using yeasts, and
especially methano! assimiating yessts, by enhancing or activating the transcription or translation levels through, for

sxampie, promoter modification, high-level expression of ranscription factars, and modification of hasis. More particu-
farly, the grasent invention is inlended fo identify a {actor that activates a promoter.
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[0040] The present invention includes the following iventions.

kir)
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48

{1} A yeast for transformation, wherein the capacity for target protein production is improved by high-levet expression
of ar MPP1 homolog.

{2} The yeasi for transformation according to {1}, wherein the MPP1 homolog is any of the polypeptides (a}, {b),
and {¢) below:

{a) a polypeptide consisting of the amino acld sequence as shown in SEQ 1D NO: 38;

{b} a polypeptide consisting of an amina acid seguence dervad from the aming acid seguence as shawn in
SEQ D NG: 38 by substitution, deletion, insertion, andfar addition of one or a plurality of amino acids;

{c) a polypeptide consisting of an amino acid seguence having 85% or higher sequence identity with the amine
acid sequenns as shown in SEQ 1D NG: 38;

or any of the polypeplides (d), {e}, and {f} below:

{ol) a polypeptide conaisting of the aminn acid seguence as shown in SEQ 1D NO: 41,

{&) a polypeptide consisting of an aminc acid sequence derived from the amino anid seguence as shown in
SEG 1D NO: 41 by substitution, deletion, ingertion, and/or addilion of ohe or a plurality of amino acids; of

{f} a polypeptide consisting of an amino acid sequence having 85% or higher sequence identity with the amino
acid sequence as shown in SEQ 1D NO: 41,

{3) The yeast for transformation according to (1}, wherein the MPP1 homalog is partially composed of any of the
polypeptidas (g, (b}, and () below:

{g) a polypeptide consisting of the amino acid sequence as shown in SEQ 1D N 49;

{" a polypeptide consisting of an amine acid sequence derved from the aming acid sequence as shown in
SEQ D NO: 49 by substitution, deletion, insertion, andfor addition of one or a plurality of amino acids;

(i} a polypeptide consisting of an amino acid sequence having 85% or higher seguence identity with the amino
gcid sgeguence as shown in SEQ 10 NO: 48;

or any of the pelvpeptides {j), (k). and {1} below:

{i} a polypeplide consisting of the amino acid seguence as shown in SEQ 1D NO: 50;

{X) a golypepiide consisting of an amino aoid sequence derived fram the amino acid saguence as shown in
SEQ 1D NO: 50 by substifution, deletion, insertion, andior addition of one or a plurality of amine acids; or

{1) a polypeptide consisting of an amino acid sequence having 85% or higher seguence identity with the amina
acid sequance as shown in SEQ {0 NQ: §6.

{4) Thie yeast foy iransformation acoording to any of (1) t6 {3}, wherein the transcription factors are expressed a3t
high levels.

{5} The yeast for transformation acoording to (43, wharein the transcription factor acts additively or synergistically
with the MPF1 homolog.

{8} The yeast for tranaformation accarding to {4) or {5), wherein the transcription factor is any of the polypeptides
{m), (nj, and {o} below:

{m} a polypeptide conssting of the amino ack] sequence as shown in SEQ 1D NG 48;

{n) a polypeptide consisting of an aminc soid sequence derived from the amino acid sequence as shown in
JEQ D NO: 46 by substifution, deletion, insertion, and/or addition of obe or a plurality of amino acids; and
{0} 3 palypeplide consisting of an amino acid sequence having 85% or higher sequence ideniity with ths aming
acid sequence as showe in SEQ D NO: 48,

{73 The yeast for fransformation according to any of {1} to {6), wherain the gene consisting of any of the nucleatide
sequences {pl {a), {r}. and {3} is expressed at high Jevels:

{p) a nuclectide sequence encoding the MPP1 homolog;

{q} the rucisctice sequence as shown in SEQ 1D NO: 10 or 11,

ir} a nucleatide sequence hybridizing under stringent conditinns ta 3 nucleotide sequence complamentary to
tha nucleotide saequence as shown in SEQ 1D NO: 10 or 11; and

{5} a nucleatide sequence having 85% or higher sequence identity with the nucleotide sequencs as shown in
SEQIDNG: 10 or 11,
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{8) The yeast for fransformation according to (7}, wherein the gene consisting of any of the nuclenlide seguences
{1}, {u), (v}, and {w) below is expressed at high levals;

{1} a nuclectide sequence encoding a transcription factor;

{u} a nuclectide sequence as shown in SEQ 10 NO: 12;

{v) & nuclectide sequence hybridizing under stringent conditions o a nuclectide sequence complementary o
the nucieolide sequence as shown in SEQ i NO: 12; and

{w) a nuclectide sequence having 85% o higher sequence identity with the nuclectide sequence as shown in
SEQ D NO 12

{9) The yeast Ior fransfarmation according lo any of {1} to (8), wherein the expressian level of the target protein is
controlied by a promoter that is activated by the MPP1 homolog.

{10} The yeast for transformation according o {9), wherein the promoter is a methanol-incucible promoter

{11} The yeast for fransformation accarding to {10}, wherein the methanolinducible promater is seleciad from the
groap econsisting of the AMO promoter, the AOX1 promoter, the AOX2 promoter, the CAT promoter, the DAK
pramater, the BDAOQ promoter, the GHAS promoter, the FAQ promoter, the FDM promoter, the FGH promoter, the
FMD promoter, the GAP promoter, the MOX promater, the MPP1 promater, the Mut3 promoter, the Mxr1 promoter,
the PERS promater, the PER10 pramater, the Pex3 promoter, the Pex5 promoter, the Pex® promoler, the Pex10
pramoter, the PHO1 promoter, the Prm1t promoter, the SNF1 promoter, the Switp promuoter, the Trm1 promoter,
tha Trm2 promoter, the YNA1T promotsr, and the YNAZ2 promoter.

{12} The yeast for transformation accorading to {10), wharsin the methanokinducible promoter is selacted from the
group cangisting of the AQX pramoter, the DHAS pramoter, the FMD promoter, and the }OX promoter.

{13} The yeast for transformation according to any of {1} {o {12}, which is a transformani of the methanol-assimitating
yeast.

{14} The yeast for transformation according to (13}, wherein the methancl-assimilating yeast is selected from the
group cansisting of a veast of the genus Pichia, a yeast of the genus Candida, and a yeast of the genus Torufopsis.
{15} The yeast for transformation according to (14}, wherein the yeasi of the genus Pichia is seleclad from the group
consisting of Pichia angusta, Pichia pastoils, Pichia methanclica, and Pichia minuta.

{18} Amethod for praducing a target protein, chargeterized by comprising using the yeast for fransformation sccarding
o any of {1} to {158,

{17} The method for producing a target protein according to {18}, wherein the yeast for transformation according
to any of {1} to (15} is cullured.

{18} The methed for producing a target proisin according to (17), wherein culture is conducted using giucose, andior
giveeroi, andfor methane! as a carban saurce.

{19} The method for producing a target protein according to {18}, wherein culture is conducted using glucose, or
giveeral, or methanol as a carbon sowrce.

{20} A farget profain produced by the method aeoording o any of (16} i (19).

[0011] This patent agplication claims priority fram Japanese Patent Application No. 2011-015719 filed on January 27,
2011, and includas part or all of the contents as disclosed in the description thereof.

Effects of the Inventicn

[0042} The present invention provides a yeast for fransformation in which a promoter-activating factor are exprassed
at high tevels, With the use of the yeast for transformatian according fo the preseni invention, & target protein can be
serveiad and produced efficiently,

Briaf Descriphion of the Drawings
[0013}

Fig. 1 shows the secration-expression levels of a fully humanized anti-TNF-a Fab antibody by various transformed
yeasts prepared in Example 8 (1 a transformant of Pichia angusta expressing a fully humanized anti-TNF-u Fab
antibody; 2 a ransformant of Pichia angusta expressing PaMPP1 {pUCPgapPaMPR1TmG418-infroduged) and
fully humanized ant-TNF-o Fab antibody; 3: a transformant of Pichia angusts expressing PpMPP1
{(pUCPQapPpMPPITmG4 18-introduced) and fully humanized ant- THE-o Fab antibody; 4: a transformant of Pichia
angusta sxpressiag Mutd {pUCPgaphut3 TmG4 18-intraduced) and fully humanized ant-TNF-x Fab antibody: 8: &
fransformant of Pichia angusta co-expressing PaMPP1 and Mutd (pUCPgapMutdPgapPaMPP1TmG418-ntro-
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duced) and fully humanizad anti-TNF-u Fab antibody; 6: a transfarmant of Pichia angusia co-expressing PaMPP1,
Mut3, and PpMPP1 {pUCPgapPpMPP1PgapMutdPgapPaMPR1TmG4 18- Introduced} and fully humanized anti-
TNFx Fab antibody; 7: a transformant of Fichia pastoris expressing fully humanized anti-TNF-u Fab antibody; &
atranstormant of Pichia pastoris exgressing PaiMPP1 {pUCPgapPalMPP 1TmG4 18-infroduced) and fully humanized
ant-TNF-ix Fab antibody; 9: a transformant of Pichia pasforis expressing PpPP1 (pUCPgapPaMPP1 TG4 18-
infroduced) and fully humanized anti-TNF-w Fab antibody; 10 a transformant of Fichia pasforfs expressing Mut3
{pUCPgapMu3 TmG4 18-infroduced) and fully humanized anti- TNF-« Fab antibooy; and 11 a transformant of Pichia
pastors co-expressing PaMPP UM (pUCPgapMutaPgapPaMPP 1 TmG4 18-introduced) and fully humanized antl-
ThiF-o Fab antibody).

Embadiments for Carrying out the Inveation
[0014} Hereafter, the present invention is described in delail with reference to the preferred smbadiments,
1. Yeast for transformation

[00451 The yeast for transformation of the present invention exhibits improved capacity o produce & target protein
through the high-level exprassion of a faclor that activates a pramater for ranscription and expression of a gene encoding
a iarget protein in the yeast. In the present invention, the term “factor that activates a promater” refers to "MPP1" or a
functionat homolog theraof {hereafter, MPP1 and a functionat hamelog thereof are collectively referred o as "MPP1
homaiogs™.

[0016] The term "promoter” refers to a nuclectide sequence region located upstream of a gene enecoding a praigin. In
adaition to RNA polymerass, & varisty of iranscription regulstors invoived in gromotion snd supprassian of transorigtion
bind o or act on such region o read the nucleolide sequence of the template gene and then synthasize {franseribe)
complementary RNA.

[0047] "MPP1”is a profein involved in the regulation of peroxisome protein levels, Specifically, MPP1 s PaMPP1 as
shown in SEQ [0 NO: 38 derived from Pichia angusta described in "Transcriptional downregulafion of perodisome
numbers affects selective peroxisome degradation iy Hansenula polymorpha™ (. Biol, Chem,, 2003, 273; 40748-40758)
or PpMPP1 a5 shown in SEQ 1D NO: 41 derived fram Pichia pastoris with the GenBank Accession Number XP_
002483066,

[00148] A functional homaolog of MPF1 is not particularly limited, provided that it is a polypeptide having funclions as a
factor that activates a promoter eguivalent to those of FaMPP1 or PpMPP1 derived from a yeast of the genus Fichis
described above. Functional homologs of MPP1 may be isolated from Eumyceles, including other yeasis or molds.
Examples include polypeptides, suchas CBF78897 TRPA: Putative Zn(1112Cys6 transcriptionfactor {Eurofung) {Aspergifius
nidulans FGSC Ad}, CBF82228 TPA: Putative Zn{il}2Cys6 transcription factor {Eurofung) (Aspergillus nidufans FGSC
Ad), EDK37118 hypathetical grotein PGUG 11218 {Pichia guiliiermondil ATCC 8260), EDK4 1734 hypothetical pratein
PGUG_058832 (Pichia guitfiermondif ATCC B260), EDP47334 C6 franseriplion factor, pulative {Aspergius fumigatus
A1183}, ECPS3358 CB transcription factor, pulative (dspergiffus fumigatus A1183), EEH18200 conserved hypothetical
praiein (Paracocoidividas brasiliensis PHO3}, EEH22621 canserved hypothelical protein (Paraccccidioiies brasiiensis
P53}, EEH42856 conserved hypothetical protein (Paracoccidioidss brasifiensis Pivi8), EEH49391 C8 zine finger do-
main-coniaining protein {Faracoccidioides brasflienisis Ph18), EEQ42087 conserved hypaothetical protein (Candida al-
bicans WO-1), EEQSBST4 C8 zinc finger domain-containing protein (Aellomyces dermalitidis ER-3), EER3E331 C& zinc
finger pratein (Afeflomyces capsufatus H143}, EFG30548 hypothetical grotein GLRG_08692 (Glomereiia graminicola
k41,0013, EFQ34763 hypothetical protein GLRG_09807 (Glomerelfa graminicola M1,001}, EFQ35788 C§ zinc finger
damain-cantaining protein {Giomsrella graminicola M1.001), EFQ86342 hypcthetical protein PTT_18442 (Pyrenaphcra
teres i tares 0-1), EFGREI4E hypotheticat protein PTT_17743 {Pyrenophora feres Fleres 0-13, EFRO0222 €6 zincTingsr
domain-containing protein (Arthraderma gypssum GBS 118833), XP_0Q1240708 canservad hypothstical protein (ds-
pergiflus terreus NIHZB24), XP_001210874 conserved Hypothelioal profein {Aspergilius fermus NIH2624), XP_
001212782 conserved fypothetical protein (Aspergiius torreus NIH2824), XP_001215119 conserved hypothetical pro-
tein (Aspergfius ferrcus NIH2824), XP_0MM2168311 pradicted profein (Asperghiius terreus NIH2624), X®2 Q01216885
predicted protein (Aspergifius ferreus NIH2824), XP 001216868 conserved hypothetical protein (Aspergilius terreus
hiH2824), XP_001221354 hypothstical protein CHGG_02133 {Chastomium globosum CBS 148.51), XP_001224208
hypatheticat protein CHGG_04985 {Chastomium giobosum CBS 148,51}, XP_001246901 hypotheiical protein CIMG_
QUE72 {Cocridicides fmmitis RS}, XP_001257329 hypothelical protein NFIA_D47880 (Neasartorya fischeri NRRL 181},
XF_ Q01257817 sexusa! development transcription factor RosA (Neosartorye fischeri NRRL 181), XP_0(1252008 €6
zine finger domain protein (Necsartorya fischari NRRLU 181), XP_001258058 hypothetical protein NFIA_005210 (Ne-
osartorya fischeri NRRL 181, XP_001258127 hypothetical protein NFIA_ 005940 {Meosarforya fischeri MRRL 181), XP_
001259386 €5 zine finger domain protein (Meosartorys fischer NRRL 181}, XP_0012624 39 hypothetical protein NFIA_
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(029740 {Nensartorya fischeriNRRL 181), XP_0{M 268583 hypotheticat protein NFIA_ 101700 (Neoesartorya fischerfNRRL
181}, XP_001270410 conserved hypothstical profein (dspergilius clavatus NRRL 1}, XP_001270412 conserved hypo-
thetical protein {Aspergfius clavafus NRRL 1), XP_ 001387003 predicted protein (Scheffersomyces stipitis CBS 6054),
XP_ 001387109 predicted protein (Scheffersomyces stipiis CBS 8054), XP_001388653 hypothetlical protein
AnO1g0218%0 {Aspergiius nigen, XP_001391257 hypothetical protein An0G7g01700 (Aspergilius niger), XP_001394851
hypothetics! protein An11g08910 (Aspergilius niger), XP_U01397318 hypothetical protein Ant6g00040 {Aspergillus
nigert, XP_001388002 hypothetical protein AnieglvC2l fAspergiius niger), XP_001400256 hypothetical protein
AnQ2g 11270 {Aspergiius fifgen, XP_001402162 hypaothetical protein AnD4g08040 (Aspergiffus nigen, XP_001482068
hypothetical protein PGUG_U5832 (Meyerozyma guilliermondif ATCC 62680), XP_{01485545 hypothetical protein
PGUG_01218 {Meyerozyma guifliermondif ATCC 8260), XP_ 001325580 conserved hypothetical protein (Lodderomyces
efongisporus NRRL YB-4238), XP_ 001552259 hypothatical prolein BCAG_08737 (Roiryotinia fuckeliana B05.10), XP_
001590824 hypotheticat protein 381G _08364 {Sclerotinia sclerotiorum 1980), XP_001791576 hypothetical protein
SNOG_00808 {Phaeosphaeria nodorum SN15}, XP_001788883 hygothetical protein SNOG_08674 (Phacosphaeria
nodorum 8N15), XP_001800138 hypothetical protein SNOG_{9853 (Phaeosphasria nodorum SN18), XP_001806140
hypathetical protein SNOG_09854 (Phasosphaeria nodorum SN15), XP_D01820352 hypothstical protein {Aspergilius
aryzae RIBAO), XP_0D1820847 hypothetical profein {Aspergiffus oryzas RIB40), XP_(01822143 hypothetical prolein
{Asporgiffus oryzae RIB4G), XP 001825067 hypothetical protein (Aspergiiius oryzas RIB40), XP 001827368 hypothet
ical pratein (Aspergiius aryzae RiB40}, XP 0335886 conserved hypothelical grotein (Pyrenophora tritic-repentis Fi-
1C-BFP), XP_001830276 CB zine finger domain containing protein (Pyrenophora Iriticl-repentis PH1C-BFF), XP_
002145025 C8 transcription factor {ArcA), pulative (Penicillium mameffel ATCC 18224}, XP_002143655 conservad
hypathetioat protein (Panicillium mamsffei ATCC 18224}, XP_002149656 CF transcription factor, putative (Penioiffium
marneffel ATCC 18224), XP_002152892 conserved hypothetical protein (Peniciffium mameffef ATCC 18224}, XP_
Q02340358 CB transoription fzctar {ArcA), pulstive (Talaromyces stipilatus ATCC 108005, XP_{02374058 conserved
hypathetica! prolein fAspergiitus favus NRRL33AT), XP_002375724 C8 ranscription factor, putative {Aspergifius favus
NRRL3357), XP_0B02376570 conserved hypathetical protein (Aspergitius flavus NRRL3357), XP_002379231 €86 tran-
seription factor (ArcA}, putative (Aspergiiius favus NRRLU33ET), XP_002381760 CF transcription facior, putative {As-
pergilius flaves NRRL3357), XP_002417371 conserved hypothetical protein {Candida dublinfensis CD3B)Y, XP_
Q02417723 zinc cluster transcription faclor, putative {Candida dubliniensis CO38), XP_002481680 C8 franscription
tactor, putative {Talaromyces stipifatus ATCC 10500}, XP_002484214 conserved hypothetical profein (Talaromyces
stipftaiys ATCGC 10500), XP_0024094969 ZYRODBOG242p (Zygosaccharomyces rouxif), XP_00244853h8 ZYRQOG12E
{Zygosaccharomyces rotndil, XP_ 002541155 predicted protein {Unainocaraus ressi 1704}, XP 002540474 hypothetical
protein CTRG_03771 {Candida tropicalis MYA-3404), XP_ 002548678 predicled pratein {Candida tropicaiis MYA-3404},
XP 002557168 Pe12g02800 (Peniviliium chtysogenum Wisconsin 54-12553, XP_002557178 Pc12g028580 (Penicillium
chrysogenunt YWisconsin 54-1255), XP_002558843 Pc13g05080 (Penicilfium chrysegenum Wiscansin 54-1255), XP_
002560015 Pel14g0d200 (Penicillium chrysogenum Wisconsin 54-1255), XP_002583281 Pc20g07580 (Peniaiftium chry-
sagenam Wisconsin 84-125858), XP_Q02567818 PcZ1gl7780 (Penicilfum chrysagenum Wisconsin 84-12558), XP_
QG2628177 €8 zinc finges domain-cantaining profein (dfaffomynes dermatitichs SLE14081), XP_B02795628 conserved
hypathetical prolein {Paracoccidioidss brasifiensis Pb01}, XP_002848121 C8 zine finger domain-containing protein (Ar
throderma ofaz CBS 113480}, XP 003001329 C6 zine finger domain-containing protein (Vericflium albo-atrum VaMs.
1023, XP_002001370 C8 zinc finger domain-pontaining protein (Verficifium afbo-airim VaMs.102), XP_003002986
conserved hypothelicad prolein (Verficilium albo-atrum YaMs. 102}, XP_003002387 C8 zinc finger domain-coniaining
protein {Verticiffium albo-atrum VaMs. 102}, XP_G03008478 €8 zine finger domain-contairing protein (Verticifium albo-
atrunt VaMe. 102), XP_003010314 conssrved hypothetical protein (Arthroderma benhemiae ©85 113371), XP_
003024130 conserved hypothetical protein (Trichophyton verrucosum RKI 05173, XP_063040390 hypothetical protein
NECHADRAFT_446G8 (Noctria haematocacca mpVl 77-13-4), XP_J030408132 hypotheticat protein NECHADRAFT_
79788 {Nectia hagmafococca mpVi 77-13-4), XP_003042194 hygothetical protein NECHADRAFT_42482 {Nectria has-
matococca mpVl 77-13-4), XP_Q03045088 hypathetical protein NECHADRAFTY_4384% (Nectria hasmatoconses mpWl
F7-13-4), XP_003051420 hypothetical protein NECHADRAFT_80852 (Necfria haemalococca mpt 77-13-4), XP_
003051851 hypethetical protein NECHADRAFT 82831 (Nectria haematococes mpVl 77-13-4), XP_003052094 twpo-
thetical protein NECHADRAFT 73832 (Nectria haematococca mpVl 77-13-4), XP_G03068082 Fungal Zn binuclear
cluster domain containing protein (Coccidioides posadasii C735 della SOWgp), XP_ 363960 hypoiheticat protein MGG
01887 {(Magnaparthe oryzae 70-15), XP_370281 hypothetical protein MGG _08778 (Magnaporthe oryzae T3-18), XP_
384237 hypothetical proisin FGO4061 1 {Gibberelia zeas PH-1), XP_384367 bypothetical protein FGO4191. 1 (Gibberella
zeae PH-1}, XP_388176 hypothetical grotein FGO8000.1 (Gibberalla zeas PH-1), XP_381514 hypothetical protein
FE11338.1 {Gibberella 2eae FH-1}, XP_456905 DEHA2B00G3Rp (Debaryomyces hanseni CBSTE7), XP_480402
DEHAZFO0848p (Debaryomyces hansenii CBSTET), XP_S570840 hypothetical prolein CNEQ2410 (Cryplococeus neo-
formans var. neoformans JEC21), XP_£59433 hypothetical prolein AN1829.2 (Aspergillus nidulans FGSC A4}, XP_
860561 hypothetical protein AN2957.2 (Aspeargitiis nidutans FGSC Ad), XP_862883 hypothetical profain ANS259.2
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{Aspergiffus nidufans FGSC A4), XP_8647924 hypothatical pratein AN?130.2 {Asperglfius nidufans FGSC A4), XP_
746554 €6 transcription factor (Aspergifius fumigatus Af293), XP_748614 CB transcription factor (Aspergiffus fumigaius
AfZ835, XP_751365 C6 transcription factor {Aspergifius funigatus Ai283), XP_753541 C6 transcription factor (ArcA}
{Aspergiflus furnigatus Af293), and XP_775527 hypothetical proteln CNBE241G {Crypiococcus necformans var. neo-
formans B-3501A}.

[0019] The MPP1 homalog of the present invention is preferably PalPR1, PoMPP1, CBFR2228 TRPA; Putative Zn{l)
2Cysb transcription factor (Burcfung) (Aspergilius nidulans FGSC A4}, EDK37118 hypothetical protein PGUG_01216
{Fichia guiiermondi ATCC 6260}, EDP47 334 C6 transoription factor, putative {Aspergifus fumigatus A1163}, EEH22621
conserved hypothetical protein (Paracoceidicides brasifiensis Fb03}, EEH4938 1 €8 2ine finger domain-coniaining pratein
{Paracoccidioides brasifiensis Pb8), EEQ42087 conserved hypothetical protein {Candida afbicans WO-1), EFQ34783
hypatheticai protein GLRG (3907 {Glomerslia graminicala M1.001), EFU86342 hygothetical protein PTT 18442 (Pyren-
ophora teras I teres 0-1}, EFQ86848 hypothetical protein PTT_ 17743 {Pyrenophora teres 1 teres 0-1}), EFRO0222 C6
zinc finger domain-containing protein (Arthroderma gypseum CBS 118883, XP_0012 168865 predicted protein (Aspergi-
fus terrsus NIH2624), XP_301248801 hypolhetical protein CIMG_0D672 (Coocidicides immitis RS). XP_001259586 C6
zine finger domain protein (Neosariorya fischeri NRRU 181), XP_0012624239 hypothetical protein NFIA_029740 {(Ne-
asartorya fischeri NRRL 181), XP_001387003 predicied protein {Schaffersomyces sfipitis GBS £084), XP_001485545
hypothstical protein PGUG_01218 (Meyerozyma guillfermondii ATCC 62603, XP 001525560 conserved hypothetical
protein {Lodderomyees slongisporus NRRL YB-4238;, XP_001552259 hypothetical protein BCHS 08737 {Bofryotinis
fuckeffana BOS.10), XP_001798983 hypothelical protein SNOG 08674 (Phasosphasria nodorum SN1b), XP_
001933526 conserved hypathetical protain (Pyrencghora friliclrepentis PR1C-BFR), XP_001939276 C6 zinc fingsr
domain containing protein {(Pyrenophors triici-repentis Pt-1C-BFP), XP_{02152892 conserved bypothetical protein
{Peniciliium mameffel ATCG 18224}, XP_002340358 C8 transcription factor {(ArcA), putative {Talaromyces stipiiatus
ATCC 10800), XP_002379231 C8 frapscription factor (ArcA), putative fAspergifus favus NRRIL3357), XP_002417371
conserved hypothetical protein (Candids dublinfensis CD38), XP_002417723 zine cluster transcription factor, putative
{Candida dublinfensis CD36), XP_0B02481660 C8 transcription factor, putative (Tafaromyces siipiatus ATCC 10504},
XP 002494969 ZYROOBOG242p (Zygosaccharamyces rauxf), XP_002541155 predicted protein {Uncinocamus reesff
1704), XP_{102849474 hypothetical protein CTRG_03771 (Candida tropicalis MYA-3404), XP 002548678 predicted
protein (Candida fropicalis MYA-3404), XP_002735625 conserved hypothetical protein (Parscocoidioides brasiliensis
Ppi1), XP_003002988 conserved hypothatical protein { Verticiliium afbo-atrum Valls 102}, XP_003000478 Cé zincfingsr
qomairecontaining protein {Vedicilfum atho-afrum Valis, 1023, XP_(003045088 hypothetical protein NECHADRAFT_
43849 {Nectria haematocoons mpV| 77-13-4), XP_003068062 Fungal Zn binuclear cluster domain containing protein
{Cocefdicides posadasli CT35 delia SOWgp), XP 363860 hypathetical protein MGG _01887 {Magnaporthe oryzae
70-18), XP_384387 hypothetical protein FG04191.1 (Gibbereffa zeae PH-1}, XP_456985 DEHAZBOOS3Ep (Debaryo-
myces hansenii CBS767), XP_746554 C6 transeriplion factor {Aspergifius fumigatus Af283), or XP-753541 C8 tran-
seription factor (Arch} (Aspergilfus fumigatus AF293).

[0020) The MPP1 hamalog of the present invention is more preferably PaMPP 1, PpMPR 1, XP_001246801 hypothetical
peotein CINEG_Q0872 (Cocddioides immiis RE), XP_001282433 hypathedioal profeln NFIA_(Z9740 (Nensaiforvs fischeri
NRRL 181), XP_D01387003 predicted protein {Scheffarsomyces stipitis CBS 8054), XP_(01552258 hypothetical protein
BCAG 08737 {Botryotinia fuckefiana B05.10), XP_002340358 C06 {ransoriplion factor {ArcAl, putalive {Talaromyces
stipitaius ATCC 10500), XP_002549678 pradictad protein (Candida fropicalis MYA-3404), XP_3842867 hypothetical
protein FGO4121.1 (Gibberella zeae PH-1), or XP_456398 DEHAZRC0G38p {Debaryomyoes hansenii CBSTET).
[0021F The MPP1 homolog of the present invention may be a poiypeplide having an amino acid sequenne having at
least 85% or higher, preferably 90% or higher, move preforably 85% or higher, further greferably 87% ar higher, and
most preferably 899% or higher sequance identily with the aming acid seguencs of the MPF1 homoleg. provided that i
is capable of exerting functions substantially eguivalent to those of the MPPT homolog.

[0022} A promoter activated by an MPP1 homolog is not particutarly imited, provided that it is activated by an MPF1
homolng and capable of realizing high-level axpression of the targsl protein in a yeast. A promotar activated by an MPP1
homatog is graferably 3 methanokinducible promoier,

[0023] The methanokinducible promaoter of the present irnvention is not particularly kmited, provided that it has tran-
scription activity when a carbon scurce is methanel. For example, itis preferably the ADR 1 promoter, the ALD promoter,
the Alg3 promoter, the AMG gromoter, the ACX 1 promoter, the AGXZ promoier, the Atg1 promoter, the Alg2 promoter,
the Atg3 promoter, the Atgd prometer, the AtgS promoter, the Afg6 promater, the Atg7 promoter, the Alg8 promoter, the
AlgB promoter, the Alg10 promaotar, the Algl1 promoter, the Atgi2 promoter, the Atg13 promoter, the Alg15 promoter,
the Atgis promoter, the Atg17 promoter, the Alg18 promotar, the Alg19 promater, the AlgZt promoter, the AgE2
promoter, the Alg24 promoler, the Alg28 promoter, the Alg28 promater, the CAY promoter, the CNX pramaier, the CPY
pramoter, the DAK promoter, the DAQ promoter, the DHAS pramoter, the DICT promoter, the DNM1 prommoter, the FAQ
pramater, the FOH promoter, the FGH promoter, the FIG4 promater, the FMD promater, the Fmp22 promoter, the GAFP
promoter, the Gaslp promater, the GCR1 promoter, the GO promoter, the GSH promoter, the HARGT promoter, the

Motif Exhibit 1039, Page 1221 of 1288



kir)

15

48

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

EF 2 663 375 A1

HpPmp20 promoter, the HSAT pramoter, the H3V2 pramoter, the KEX? promater, the KEX2 pramoter, the MALE promater,
the MAS promoter, the MDV1 promater, the MEN promater, the MernSp promaoter, the MOX promoter, the MPP1 promater,
the Mutd promoter. ihe Mxr1 promoter, the Nii2g promoter, the OCH promoter, the PAHZ promater, the PAK1 promoter,
the PDDY promoter, the PEP4 promoter, the PEP 12 promoter, the PepN promoter, the PERS gromoter, the PER1D
promoter, the Pex1 promoter, the Pex3 promoter, the Pexd gromoter, the Pex5 promoter, the Pex8 promoter, the Pex7
promaoter, the Pex8 promater, the Pex10 promater, the Pex11 promoter, the Pex12 pramoter, the Pex13 promater, the
Pex17 gromoter, the Pex18 promater, the Pex20 promater, tha Pax22 promoter, the Pex 33 promoler, the Pex2d promater,
the PexZs promoter, the Pex26 promoter, the Pex32 promoter, the PHO1 promoter, the PIP2 promoter, the POX1
promoter, the PRI promoter, the PRAL promater, the Frmt promater, the PYC prometer, the RHO promotar, the SLA2
promoter, the SNF 1 promoter, the STL1 promoter, the Swilp promoter, the TOR promoter, the TRS1 promoter, the TPS3
pramater, the Trmd promaoter, the Trm2 promoter, the VacBp promater, the Vam3p promoter, the Vam7p promater, the
YAP promoter, the VP31 promoter, the Yaflp promoter, the YNA1 promoter, the YNAZ promoter, the YNI1 promoter,
the YNR1 promoter, the YNT1 promater, the YPT1 pramater, ar the Ypi7p promoter, and more preferably the AOX
proraoter, the DHAS promoter, the FMD promater, or the MOX pramuoter.

[0024] The MPP1 homolog of tha present invention is preferably PaMPP1, and PaMPP1 is not particularly timited,
pravided that §is & polypeptide having the funclion of a factor that activates the promoier mentioned abave. |n addition
fo a pelypeptide consisting of the amine acid seqguences as shown in SEQ 1D NG: 38, it may be & polypaptide consisting
af an aming acid sequence derived from the amino acid sequence as shown in SEQ 10 NOG: 38 by substitution, delstion,
insertion, and/or addition of one or & plurality of amine acids or an amino acid sequence having 85% or higher, 90% or
higher, 95% or higher, and mare preferably 9%% or higher seguence identity with the amino acid seguence as shown
in SEQ D NO: 38, The number of aring acids defined by ihe term "a plurality of amino acids” is not particutarly Smited,
provided that funclions of the MPF1 hamolog are refsined. The number of amino acids is preferably up to 102, more
praferably up to 100, further preferably up 1o 39, and most greferably up o 89, 70, 60, 50, 40, 30, 20, 10, 5,4, 3, 0r 2.
[0025] The MPP1 hamolog of the pressnt invention is prefarably PpMPPRY, and PpMPP1 is not particularly iimited,
pravided that it is a polypeptide having the furction of factor that activates the promoter mentioned abave. In addition
fo a polypeptide consisting of the amino acid seguence as shown in SEQ D NO: 41, it may be a polypeptide consisting
of an aming acid sequence derived fram the armino acid sequence as shown in SEQ 0 NG: 41 by substifution, delstion,
insertion, andfor addition of one or a plurality of 2mine acids or an amino acid seguence having 85% or higher, 99% or
higher, 95% or higher, and mare preferably 98% or higher sequence identity with the amino acid seguence as shown
i SEQID NG 41, The number of 3mino acids defined by the term "a plurality of amino acids” is not particutarly {mited,
provided that the functions of the MPP1 homoleg are retained. The number of aming acids Is preferably up to 133, more
praferably up to 130, further preferably up te 120, and maost preferably up to 110, 100, 80, 80, 70, 80, 50, 40, 36, 20, 19,
5,4,3 o2

[0026} According to the present invention, amino acld sequence identity can be determined by a methad well known
in the art using sequence analysis software and the like. An example is a homology search conducted with the use of
genetic infarmation processing soflware (GENETYX Ver. 10, netwark edition, Genetyx).

[0027F The 8PP homalon of the present invention may be 2 polypeptide consisting of the aming ackd seguance as
shawn in SEQ 1D NO: 48, PaMPP1 as shown in SEQ 1D NO: 49 is a polypeptide composed of amino acid residues 28
fo 67, which may b capable of binding {o a promoter. By combining the polypeptide as shown in SEQ D NC: 43 with
anoiher polypeptide and allowing expression of the protein in a host at high levels, the effects of promotar activation can
be attained. In addilion ta the aminn acid sequence as shown in SEQ D NCQ: 43, | may be a polypeplide consisting of
an amino acid sequence derived from the amino acid sequence as shown in SEQ 1D NO: 48 by substittition, delstion,
insartion, andior addition of one or & plurality of aminc acids or an amino acid saquence having 85% or kigher, 90% or
higher, B5% or higher, and more prefarably 98% or higher sequeance identity wih the amino acid seguence as shown
in SEQ 1D NO: 48, Tha number of amino acids definad by the term "a plurality of amino acids” is not particutarly imited,
provided that functions of the MPP1 homoelog are retained. The number of amino acids is preferably up o §, mare
praferably up to 3, further preferably up to 4, and most prefsrably upto 3or 2.

[0028] The MPP1 horolog of the preserd invention raay be a polypeptide consisting of the amino acid sequenee as
shown in SEQ 1D NG: 50. PpMPP1 as shown in SEQ 10 NO: 5G is a poiypeptide composed of amino acid resicdues 58
fo 88, whick may be capable of binding to 2 pramoter. By combining the polypeptide as shown in SEQ ID NG: 50 with
another polypeptide and allowing expression of the protein in a host at high levels, the effects of promoler activation can
be attainad. In addition to the amino acid sequence as shown in SEQ 1D NO: 50, it may be a polypeptide cansisting of
an amino acid sequence derived from the amino acid sequence as shown in SEQ (D NQG: 50 by substitution, deletion,
insertion, andfor addition ¢f one or a pluralily of smino acids or an amino acid sequence having 85% or higher, 30% or
higher, 95% or higher, and more preferably 98% or higher sequence identity with the amina acid sequence as shown
in SEQ D NO: 50. The number of amino acids defined by the term “a plurality of amino acids” is not particutarly iimited,
pravided that the functions of the MPP1 homoileg are retained. The number of amino acids is preferably up to 6, more
preferably up to 5, further praferably up to 4, and most preferably up to 3 or 2.
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[0029] In the present invention, the lerm "expression” refers to ranscription or fransiation of a nuclestide senusnce
that causes production of a grotein, which is a gere product. Such expression may be constant regardless of condilions
such as external stimulus or growih conditions, or & may be influenced by such conditions. A promoter that activates
expressicn is not particularly limited, provided that such gromoter activates expressionof a nucleotide seguence encoding
a target prolein,

[0030] The term "high-level expression” used in the present invention refers to an increased protein level in @ hast or
culture solution or an increased mMRNA level i the host, comparad with a general level. For example, the protein or
mMRNA level may be maasured using an antibody that recognizes a pratein or by a lechrigue such as RY-PCR, Northern
hybridization, or hybridization using DNA arrays, and the determined level may be compared with that of a nen-maodified
strain, such as a parent straln or wild-type strain. Thus, high-evel axpression can be confirmed.

[0031] The high-level expression of the MPP1 hamalog can be realized by conventional techniques, such as modifi-
cation of the MPF 1 homolog gene of the chromosome andior the vector {e.g., increase of the copy number, insertion of
a promater, or modification of a codan), introduction of the MPP1 homolag gene into & host, or groduction of a strain
expressing MPF1 homgolog gene al high levels via infraduction of a muiation Into the host, in addition to the induction
of expression of a gene encading the MPP1 homwolog of the chramosome andfor the vector.

[0032] A strain expressing the MPF1 homalog gene at high levels via iniroduction of a mutation inta the host can be
abtained via conventichal technigues, such as mutation of the hoat with the aid of a drug or ultraviolet rays, followad by
salection of a strain expressing the MPP homalog at high levels.

[0033} The term "protein” used i the present invention is composed of two or more amino acids joinad by peptide
bonds, including short-chain proteins generaily referred o as peplides or oligopaplides and iong-chain proteins referrad
fo as polypeplides.

[0034} The "arget protein” of the present invention is not parficularly limited, and R can be, for example, an enzyme
derived front @ microarganise or a protein produced by a multicefiular organism, sich as an aqimal or plant. Examplas
thereof inchids phytase, protein A, protein G, pratein L, amylase, glucosidase, cellulase, lipase, protsase, glutaminase,
peptidase, nuclease, oxidase, lactase, xylanase, irypsin, peclinass, isomerase, and fluorescent protein. Prefarable
exampies include huran andéor animal therapeutic proteins.

[0035] Spedificexamples of human and/or animal therapeutic proteins include hepatitis 8 virus surface antigen, hirudin,
antibody, human antibody, partial antibody, hurman partial antibody, serum atbumin, human serum albumin, epidermat
growth factor, human epidermai growth factar, insulin, growth hommone, erythropoietin, interferan, antihamophilic factor,
granulocyte colony-stimulating factor {G-CSF), granuiccyte-macrophage colony-stimulating factor {(GM-CSF}, thront
bopaietin, 1L-1, IL-8, tissue plasmincgen activator (TPA), drokinase, feptin, and stem call growth factor {SCF}.

[0038] Tha term "antibody” refers to 8 heterotelrameric protein composed of two L- and H-palypeptide chaias joined
by disuffide bonds. An antibody is not parlicuiarly limited, provided that it is capable of binding to a particudar antigen.
[0037] The term "partial antibody™ refers to Fab antibody, {Fab}; antibody, scFv antibody, diabody anlibody, or a
derivative of any thereof. A partial antibody is not particifarly limited, provided that i is capable of binding to a particular
antigen. The term “"Fab anlibady” refers {o a heteromeric protein comprising the L-chain and the Fd chain of the antibody
pined by 8-3 bonds, or a heleromeric protein comgising the L-chain and the Fd chain of the aptibody joined with each
other without 3-8 bonds. A heteromeric protein is not particularly limited, provided that it is capable of binding to a
partipuiar antigen.

[0028] An amino acid consiituting a protein may be a naturally ooourring, non-natural, or modifisd amino acid. The
amine acid sequence of a protein may be artificially modiied or de nove designed.

[0039] In ths present invention, the term “capacity for producing a target protein® refers o the capacity for producing
a target profein in & hast cell or the potentiat that can be achieved via introduction of a gane encoding stch protein.
[0049] The tarm "yveast for transformation” used in the pressnt invention refers o a yeast capable of producing a target
protein at hight tevels via infroduction of a gene encoding the target protein. Such yeast preferably expresses the MPR1
homoiog at bigh leveis and more prefecably axpresses PaliFP1, PpMPR1, a polypeptide comprigsing the amino acid
ssquence as showr in SEQ D NQ: 49, or a polypeptide comiprising the amino acld sequence as shown in SEQ ID NO:
56 at bigh levels,

[0041} Examples of techniques of yeast transformation include Knowrt {echniques such as eleciroporation, the lithium
acelate maethod, and the spheroplast methad, aithough the techniques are not limited thereto. For axample, Pichia
angusia s generally transformed via electroporation as described in "Highlv-efficient electroiransformation of the yeast
Hansenula polymorpha” {Curr, Genet., 25 305.310.}

[0042} Expression of the "ranscription faclor” may be enhanced, in addition to that of the factor that activates the
aforementioned pramoter in the yeast for transformation of the present invention. The term "transcrigtion factor” used
in the present invention refers 1o a subsiance thal activates the initiation of transcription or protein praduction by a
pramoter in a mechanism for protein production by a promaoter.

[0043} The high-level axpression of the transeription factor can be raalized by eonventional technigues, such as mod-
ffication of the transcyiption factor gene of the chromosome andlor the vedtor (e.g., increase of the number of coples,
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insertion of 2 promater, or modification of a codon), intraduction of a ranscription factor gene i & host, or productinn
of a sirain expressing the transecription factor gene at high levels via introduction of a mutation into & host, in addition to
induction of the expression of a gene encoding the transcription factor of the chromosome andfor vector {ie., the
transcription factor gene).

[0044] A strain expressing the transcription faclor gens at high levels via introduction of a mutation info the host can
be abtained via conventional technigues, such as mutation of the host with the aid of a drug or ultraviolet rays, followed
by selection of a strain expressing the raascription factor gene al high levals,

[0048] Apreferable transcriptionfactor acts additivaly or synergistically with the MPP1 homalog, although atranseription
factor s not iimiled thereto. An exaraple of & transeription factor is MUl3 derived from Pichis angusta. Mut3 is a polypegptide
with the GenBank Accession Number AYO48886, the sequence of which Is as shown in SEQ 1D NO: 46,

[0046] The transcription faclor of ihe present invention may be a homolag of Mut3 isolated from another yeast cell.
An example thereof is Trm1 of Candida boidinil,

[0647} Mut3 of the present invention is preferably a polypegtide consisting of the amino acid seguence as shown in
SEG D NG: 46, Alternatively, |t may be & polypeptide consisting of an amine acid sequense derived from the amino
acid sequence as shown in SEQ 1D NO: 46 by substitution, deletion, inssrtion, andior addition of one or a plurality of
amine acids or an amine acid sequence having 85% or higher, 30% ar higher, 85% ot higher, and more preferably 88%
ar higher seguence identity with the amino acid sequence as shown in SEQ 1D NO: 48, The number of amino acids
defined by the term "a piuralily of amino acids™ is not particutarly limites, provided that functions of the ranscription factar
are retained. The number of amine acids is preferably up 1o 138, more preferably up to 130, further preferably up fo 129,
and most preferably up to 110, 160, 20, 80, 70, 80, 30, 40, 30, 20,10, 5, 4, 3, or 2.

[0048] The MPP1 homolog gene or transcription factor gene of the present inverdion may be DNA sncading ar MPP1
hamolag of ranscription factor, Preferable DNA ancoding an MPP1 homolog is gs shown iIn SEQIDND: 10or 11 inthe
Saguence Listing, and praferable DNA encoding a transcription fasior is as shown in SEQ I NG: 12 in the Sequence
Listing. Alternatively, DNA encading an MPP1 honwlog or franseription factor may encompass a nuclectide sequence
encading a polypeptide hybridizing under stringent conditions to a nuclectide sequence complamentiary to the nucleotide
seguence as shown in SEQ D NO: 10, 11, or 12 in the Sequence Listing 2nd have functions as an MPF1 homolog or
franscription factor. Further, ONA may encompass a nucleotide sequence having 85% or higher, preferably 80% or
higher, more preferably 85% or higher, and further preferably 89% or higher sequence identity with the nuclectide
sequence as shown in SEQ 1D NO: 10, 11, or 12 and may encode a polypeplide having functions as an MPP1 homolog
or transcription factar.

[0049] The "DNA hybridizing under stringent conditions” can be obtained by, for exampie, conducting hybridization in
the gresence of 0.7 t¢ 1.0 M NaCl at 85°C using a filler on which colony- or plague-derived DNA & immobiized and
washing the fiiter with 3 2x SSC solution (2 1x SSC solution comprises 150 mM scdium chioride and 15 mM sodium
citrate) at 65°C. Such DNA can be obtained by washing the filter, preferably with a 0.5x S3C solution at 85°C, more
preferably with a 0.2x 83C solution at 65°C, and further preferably with a 0.1x SSC solution at 85°C.

[0050) According to the presernt invention, nuclkeatice sequence identity can be determined by a method well known
B the arl using sequence analysis soflware o the ke, Ap exampie is g homology search conducted with the use of
genetic information processing software (GENETYX Ver. 10, network edition, Genetyx).

[0051} Inihe presentinvention, veasts are not particuiarly imited, although methancb-assimiating yeasts are preferred.
Examples of methancl-assimilating yeasts include those of the genus Fichia, the genus Candida, and the genus Toru-
fopsis. Among veasts of the genus Richia, RPichia angusia, Pichia pastoris, Pichia methanoiica, and Fichis minuts are
particuianly preferalbile, although the yeasts are not limited thersto.

[00582] Pichia angusiais alsareferved to as Hanseaula pofymarpha. Fichia minuta is alsarsferred to as Ogaiasa niinuia.
[0083] In general, "methancl-assimilating yeasis” can be oultured with the use of methanot as a sole carbon source.
However, the ability {¢ utitize metharo| may be lost due to artificial modification or mutation,

[0054}] Examples of greferable Pichis sngusta shrains include, but are not particularly fimited to, NCYC435
{ATCC14784), 8V (ATCC34438), anad DL-1 {ATCC28012}. Such strains can be obtained from the American Typa Culture
Colipetion or other instilutions. Strains derivad fram such strains can also be used, and exampies of leucine auxotrophs
include NCYC485-derived BY4329, 8Y-derived BY5242, and Dt-1-derived BYS243. These strains can be distributed
by the National BioRescurce Project. In the present ihvention, strains derived from the strains mentioned above tan
also be used,

[0055] Examples of preferable Pichia pastoris strains include, but are not particularly fimited fo, ¥Y-114380 and X-33.
Such strains can be obtained from the Northern Regional Research Laboratory or other institutions, Strains derived from
such strains can adgo ba used. inthe present invention, strains derived from the siraing mentioned above can also ba used,

2. Method for pratein production

[0056] An example of a method for producing a protein using the yeast for transformation of the present invention is
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a methad comprising cutturing the yeast for kransformation and allowing a protein to accurmsulate in the yeastar a culture
supernatant. While a method involving the gse of methanol-assimilating yeast is deseribed as a preferable example,
methods are not limited thersto.

[0057) ‘Yeasts for transformation can be generally cultured with the use of any medium containing a nulrient source
that can be utilized by methancl-assimilating yeasts. For exampie, a common medium obtained by adeguately mixing
carbon sources, such as sugars {€.3., glucose, sucrose, and maltose}, organic acids (2.g., lactic acid, acetic acid, citric
acid, and propionic acid), aloohols {a.g., methano, ethancl, and giveerol}, carbohvdrates {e.g., parafiing, fais and oils
{€.9., soybean oil and rapesead oil}, of mixtures of any theread, nitrogen sources, such as ammonitm sulfate, ammonium
phosphate, urea, veast exiract, meat extract, paptone, and cornstesp liquor, and othar nuirient sourcas, such as inorganic
salts and vitamins, can be used, and cullure can ba carred out in & batch or continuous system.

[0088] When culturing the veast for transiormation, a single type of carbon source may be used, or a mixture of two
or more types of carbon scurces may be used. Culture may be initiated in the presence of a carbon source, or a carbon
source may be added during culture,

[0059] The yeast for ransformation may be subjected to culture alone of ih combinations of two or more. The yeast
for transformation may be subjected to culture in the presence of other microorganisms.

[0060] [n the present invertion, culiure can be carvied out under general conditions. Far axample, cullure can be
carriad out at a pH of 2.5 to 10.0 batween 10°C and 48°C in an aerobic environment for 10 hours to 10 days.

[0081] Froteins produced with the use of the yeast for transformation of the present invention may be present in a
culture supernatant, or proteins may he accurmiated i the yeast. Alternatively, proteins may be isolated therefrom via
any techniqus. Proteins can be isolated fram a culture suparnatant or yeast by performing known protein purification
fechinigues in adequate combination, For example, the transformants are first cultured in 30 adequate medium, and &
culture solution is subjected 0 cenfrifugation or filfration o remove yeasts from the culture sugernstant. The ablained
culture supernatant is then subjected (o lechrigues suech as salting-aut (2.9, ammanium suifate precipitation or sodium
phasphate precipitation), solvent precipitation {e.q., protein fractional precipitation with acstone or ethanat), dialysis, gel
tiltration chromatagraphy, inr-axchange chromatography, hydrophabic chramatography, affinity chromatography, re-
verse phase chromatography, or ultrafiltration. Any such technigues may be carried out alone or in combination, and
the groteins of the present invention are isclated fom the culture supernatant.

[0062F The isolated proteins can be uzed without processing. Alternatively. such proteins may be subjecied to phar-
macological modification such as PEGylation, meodification for the purpose of impartation of snzyme or isctope {unctions,
or other types of modification hefore use. Also, proteing may be used in various forms of formulations.

[0083] When the high-tevel sxpression of the MPP1 homolag or transcription factor is fo be attained via introduction
af the MPP1 homolog gene or the transeription factor gene into ahost, i is preferable that an expression vector containing
such genes be constructed and the resulting vector then be introduced into a host

[0084} The term "sxprassion vector” used in the prasent invention refers {o a nucleic acid molecuie having a function
of expressing a target gene in a transformad host cell. The expression veclor has, for examgle, an expression cassetie,
a homologous recambinalinn region, a selection marker gens, such as an auxatroghin complementary gene oy drug
talerant gene, and an autonomously replicating seguence, The veclor after ransformation may be irdegrated nfo the
chromasome, or it may be present in the form of an autoromously replicating vactor. Examples of autonomously repli-
cating vectors include the YEp vector, the YRp veclor, and the YCp vectar, [h the case of the genus Pichia, examples
of vactors include, dut are not particularly limited to, the pPICHOL!, pHIP, pHRP, and pHARS veotors.

[0085F The "expreasion casseite” is composad of the MPP1 homolog gens andfor the transcriplion factor gene as
pramoter activating factors and a promoter 1o express such genes. The expression cassetie may comprise & terminator
gene. Accordingly, the sxpression casseties include 3 cassetlte comprising the MPP1 homoiog gens as a promolsr
activating factor {i.e., the MPP1 homolog gene axprassion casselle), a cassetis comprising tha transcription factor gere
{i.e., the ranscription factor gene expression casseite), and a cassetie comprising both the MPP1 homalog gene and
the ranscription factor gene. The expression cassetlte can be construsted in 2 plasmid such as pUCHS, or it can be
prapared vig PCR.

[0088] A promoter used for MPPY homolog gene exprassion is not particularly fraitad, and a promoter that can induce
gene expression wiih a selected carbon source may adequately be used,

[0087] When a carbon source is methanol, examples of promoters for MPP1 hamolog gene expression include, but
are not particudarly timited fo, the MOX promoter, the FMD promoter, the DHAS promoter, the ADX promoter, and the
GAP promoter.

[0068] When & carbon source is glucose or glveerol, examples of promoters for MPP1 homolog gene expression
inciude, but are not particularly imited to, the GAP promoter, the TEF pramater, the LEUR promater, the URA3 promoter,
the ADE promoter, the ADH1 pramater, and the FGK1 gromoter.

[0069} For transcription factor gene expression, a promaoter that can induce gene axpression with & selected carbon
source may adequately be used, and the proraoters for MPP1 homolog gene expression examplified above can also
serve gs promoters for transcription facior gene expression.
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[0070}] The "target protein expressinn veclor” of the presentinvention camprisas a "larget protein expression tassetta”
having a promoter activated by the MFP1 homolog, and preferably the metharchinducikle promoter, in the 5 side of
the farget protein gene and the termination codon andfor the terminalor sequence in the 3’ side of the {arget protein
gene. When the axpression veclor is 1o be integrated inio the chromasome, the vector preferably comprises a nuciectide
sequence having 50% or kigher sequence identity with a 30-bp or longer nuclectide sequence of the veast chromosome.
[0071] When s targst protein is to be secreled from the veast, s nuciestide seguence encoding a signs! sequence
may be introducsd irto the § end of the targst grotein gene. A nuclsolide sequence encading 2 signal segusnes is not
particuiarly limited, provided that stch nuclectide saquence encodes a signal sequence that can be secrsied and ex-
prassed by yeast. Examplas thereo! incluge nucleotide sequences enending signal sequences of the mating factor «
{MFu} of Saccharomytes cerevisiae, acld phoaphatase (PHO1) of Pichia angusta, acld phosphatase (PHO1} of Pichia
pastorls, inveriase (SUCZE) of Saccharomyees cerevisise, PLB1 of Saccharomyces cerevisiae, bovine serum albumin
{BSA), human serum albumin {HSA), and immunoglobulin.

[0672} The “target protein expression cassette”, "MPP{ hamolog gene exgression cassette”, "transcription factor gene
expression casselie”, and the like of the present invention may be contained in a single type of veclor. In such a case,
specifically, 2 yeast host and a fransformant are produced simuRaneously.

[0073] Whaen the MPP1 homolog gens, the transcripiion factor gene, and the target protein-encoding gens are intro-
duced info yeast, use of selection markar genes, stch as the atxotrophic complemantary gene or drug tolerant gens,
tagether with the MPP1 homolog gene expression cassette, the ransoription factor gene expression cassette, and the
target protein gene cassetie, is preferable. A sslection marker is ot particuiarly limited. Auxotrophic complementary
genes, such as the URAJ geng, the LEU2 gene, the ADEY gensg, or the RHiS4 gene, can be selected by restoration of
the prototrophiic phenctypes of the uracik, Jeucine-, adaning-, or histidine-auxotrophs, respeciively, Drug tolerant genes,
such as the G418 tolerant gene, the zeocin iolerant gene, of the hygromycin folerant gene, can be selectad based on
te toleranes i a mediup containing G418, zeanin, of hygromyeht, respactively. The auxotroptic selection rarker used
whan preparing a yeast host cannot be used, unlass the selection marker is not destrayed. In such a case, the selection
marker may be resiored by methads xnown in the art.

[0074} When the MPP1 homolog gene or transcription facior gene is to be integrated inlo the chromiosome, it is
preferable to grepare such genes so as to have DNA comprising homologous regions of the yeast chromosome. The
MPP1 homolog expression casselte or franscription factor gene expression cassette may be integrated inio the chro-
mosame via non-specific integration without using hamologous regions, integration using a single homologous region,
or double-integration using o homalogous regicns,

[0078] Regarding homologous regions, there may be 50% or higher sequence identity between the nucleolide se-
quence of the chromasome and that of the expression vector. While the length thereof is not particulanty limited, it is
praferably 50 bp or fonger. Sequence identity betwean hamologous regions is more preferably 70% or higher, further
preferably 80% or higher, still further preferably G0% ar higher, and most preferably 100%.

[0076] In the case of integration using a homologous region, for example, a homologous region of the plasmid vector
is cleaved at ane or more sites with resiriction enzymes, sa as o locate the homalogaous region at the end of a linear
axpression veolor, Thus, ransformation oan be achieved. In the case of homologous irdegration into the MOX terrminatar,
for example, a linear exprassion vector obtainad by cleaving the MOX terminator sequence at the Nril site or the EcoRY
site may be used o intagrate the axpression casseits into the MOX lerminator.

[0077F The number of copies of exprassion cassettes per chromosome is not particularly limited. The location in the
chromasame at which the MPR1 hamelog gene or ranscription factor gene exprassion vector has been integrated is
not particularly limited, provided that the MPP1 homolog gene of the franscription factor gane is produced in the sirain.
When two or mors copiss of sxpression vectors are integratad info a transfarmant, a plurality of expression veciors may
be irlegrated therainto at the sams position, or they may be integrated at different positions one by one.

[0078} Methods for preparing the targaet pratein gene, the MPP1{ homolog gane, of the franscription factor gene of the
present invention are not particutarly mited, Such genas may be prepared via PCR or othar techniques from microor-
garssm cells, veast cells, insect cells, plant cells, mammalian animal ceils, or phage display libraries. Alternatively. the
fargat gene may be fully syrdhesized based nn such nucieotids seguenne. For example, a DNA primer designed based
or the MPF1 homolog gene is synthesized, chromosome DNA s isolated from a yeast having the MPP1 honolog gene,
and PCR is carried out using the chromosome DNA as a template and the above ONA primer. Thus, the targst gene
can be obiained.

[0079F Thetarget protein gene, MPP1 homolog gene, or transcription factar gene on the chromasome can be madified
by introdusing & gene info a bost chromosome via homologous recombination, site-direcied mulagenesis, or other
techniguas. For sxample, the protein gena can he introduced into the chromosome so as to increass the number of
capies, a promotler located upstream of the prolein may be substituted with & more patent promaier, or 3 cadon can be
modified to become more suitable as a host of the protein gene.
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Examples

[008B0} Hereafter, the present invention is described in greater detail with reference to the examples, although the
prasent invention is not imited therefo. The recambinant DNA technology emploved in the examples below is specifically
described in the following books: Molecular Cloring 2nd Editior, Cold Spring Rarbor Laboratory Prass, 1989; and Current
Protacols in Molecutar Biology, Graene Publishing Associales and Wiley-interscience.

[0081} Plasmide obtained in the examples below were amplified using transformants obiained with the use of £. coff
BHBa competent cetls {Takara Bio Ing.) under the designated conditions.

[0082} The MCGX gromoter {SEQ 1D NQ: 1), the MOX terminator (SEQ 1D NG: 2), and the LEUZ gene {SEG D NO:
3; used when constructing an antibody expression vector were preparad by PCR using, as & template, geromic DNA
of Pichia angusta 8Y. The ADX pramater {(SEQ 1D NO: 4} was prepared by PCR using genomic DNA of Pichia pasforis
X-33 as a template. The mating faclor e pre-pro signal gene (MFa, SEQ 1D NO: 5) was prepared by PCR using genomic
DNA of Saccharamyces ceravisiae 3288c as a template.

[0083] The antibody gene was prepared by PCR using. as tamplates, the L-chain gene (SEQ D NG: 6) and the Fd-
chain gene (SEQ ID NO: 7) (4P 2002-082023 A) chemically synthesized basad on the disclosed sequence information
of the fully humanizad antl- TNF-u antibady {adalimumab:; HUMIRAY).

[0084F in addition, the GAP promoter usad for vector construction (SEQ ID NO: 8}, the G418 folerant gene reguiated
by the GAF promoter {(SEQ D NO: 8}, the PaMPP1 gens (SEQ 1D ND: 10, the PpMPR1 gene (SEQ 1D NO: 11}, and
the Mut3 gene {(SEQ D NO: 12) were obtained by PCH using, for exampie, geromic DNA of Pichia angusta NCY(405,
genomic DNA of Pichia pastoris X-33, of an adeqguate commercially available vecior as templates.

[0085] PCR was carried out using the Prime STAR HS DMA Polymerase (Takara Bio inhe.} in accordance with the
manufacturer's instructions. Genomic DNAs were prepared from yeasts using Dr. GanTLE® (Takara Big Inc.} in accord-
anoe with the manufacturar’s instructions.

[0086] Plasmids were preparad by transformation into £, coff DHY o competent nells {Takara Bio Inc). Plasmids were
prepared from plasmid-carrying strains using the OlAprep spin miniprep kit (QGIAGEN).

{Example 1) Construction of fully humanized anti-TNF-u Fab antibody expression vector

[008TT A gene fragment (SEQ 1D NO: 13) having the Hindlll-Nofi-BamH|-Spet-Muni-Bgli-Xbal-EcoRi mutticloning
sifes was Tully synthesized, and the resultant was inserted into the Hindill and EqoRl sites of pUCTD to prepare pUC-1.
Alse, g gene fragment having the Hindil recognition sequences on both sides of the LEU2 gene was prepared by PCR
using the primers 1 and 2 (SEQ 1D NOs: 14 and 15}, the fragment was treated with Hindlli, and it was then insertad into
the Hindiil site of pUC-1 to prepare pUC-2. Subsaquently, a gene fragment having the BamH| recognition sequences
on both sides of the MOX promaier was prepared by PCR using the primers 3 and 4 {SEQ 10s NG 16 and 17}, the
fragment was treated with Bam#|, and i was then inserted into the Bamh! site of pUC-2 to prepare pUC-Pmox. A gene
fragment having the EcoR| recognition sequences on bath sides of the AOX promoier was prepared by PCR using the
primers § and 8 (SEQ 1D NQs: 18 and 19), the Fagrent was treaied with ScoRi, and H was hen inserted into the Mun!
site of pUC-2 to prepare pUC-Paox.

[0088] A gene fragment having the Muni recognition sequances on both sides of the MOX promoler was grepared by
PCR using the primers 7 and 8 {SEQ D NOs: 20 and 21}, the fragment was treated with Munl, and it was then inseried
into the Muni site of pUC-Pmox to prepare pUC-PmoxPmox. A gene fragment having the Bambi| recognition sequences
on both sides of the AOX promoter was prepared by PCR using the primers 9 and 10 {SEQ 1D NOs: 22 and 23}, the
fragment was reated with BamH|, and it was then inserted into the BamHI site of pG-Pacx to prepare pUC-PaoxPaox.
A gene fragment having the Xbat recognition seguences on both sides of the MOX promoetar was prepared by PCR
uging the primers 11 and 12 {(SEQ 1D NOs: 24 and 25), the fragment was treated with Xbal, and i was then inserted
irto the Xhal sites of pUC-PmoxPmax and pUC-PaoxPacx to prepare pUC-PmoxPrmoxTm and pUC-PacxPaoxTm.
[0089] A gene fragment having the Spel recagnition saquencs in a site upstream of MFa was prepared by PCR using
the primers 13 and 14 {(SEQ 1D NDs: 26 and 27). A gene fragment having the 13-bp 3-emtnal fragment of MPux in a
site upstresam of the L-chain and the Spel recognition sequences i a site downstream of the L-¢hain was prepared by
PCR using the primers 15 and 16 (SEQ 1D NOs: 28 and 28}. These gene fragments were mixed to prepare a femplata,
and PCR was carried out using the resuliing template and the primers 13 and 16 {o prepare a gere fragment having
Spel recagnition sequences on both sides of a fusion gene of MFa and the L-chain. The resulling gene fragment was
freated with Spel and inserted into the Spel sites of pUC-PmoxPmoxTm and pUC-PaoxPaoxTm fo prepare pUC-Pmox-
EPmoxTm and pUC-Paoxi.PaoxTm.

[0080] Separately, & gene fragment having the Bgil recognition sequence in a site upstream of MFa was grepared
by PCR using the primers 17 {SEQ I NG: 30) and 14, A gene fragment having the 19-bp 3'-terminat fragment of MFFa
in 2 site Lpstream of the Fd-chain and the Byilt recagnition sequence in a site downstraam of the Fo-chain was prepared
by PCR using the primers 18 and 19{SEQ 1D NOs: 21 ang 32}. These gene fragments were mixed to prepare a template,
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and PCR was carried out using the rasulting temiplate and the primers 17 and 19 io prepare a gene fragment having the
Bgll recognition sequences an both sides of a fusion gene of MF« and the Fd-chain, The resulting gene fragment was
freated with Bgit and inserted inlo the BoM sites of pUC-PmoxlPmaoxTm and pUGC-PaoxLPaoxTm to prepare pUC-
PmaxlPmoxtdtm and plUC-PacklPaoxFdTm.

[0091F pUC-PmoxLPmoxFdTm is designed fo aliow expression of the L-chain and the Fd-chain of ihe Fab antibody
under the control of the MOX promoter. plICG-FPacxlPaoxFdTm is designed o allow expression of the L.chain and the
Fd-chain of the Fab antibody under the control of the AQX promoter.

{Examgle 2) Construction of PAMPP1 expression vector

[0082] A gene fragment having the Xbal recognition sequences on both sides of the MOX ferminatar was prepared
by PCR using the primers 11 and 12, the fragment was treated with Xbal. and it was then inserted into the Xbal site of
pUC-1 prepared in Example 1 to prepare pUCTm.

[0083] Subssquently, a gene fragment having the EcoRl recognition sequences on both sides of the GAP gromoter
was prepared by PCR using the primers 20 and 21 (SEQ 1D NOs: 33 and 34), the fragment was treated with ZcoR|, and
it was then inserted into the Munl site of pUCTmM {o prepare plUCPgapTm. Subsequently, a gene fragment having the
EcoRl recognition sequances on both sides of the G418 tolerant gene controlled by the GAP promoter was prepared
by PCR using the primers 26 and 22 {(SEQ 1D NGt 35), the fragment was treated with EcoRl, and } was then inserted
into the £coRl site of pUCPgapTm to prepare pUCPgapTmG418. Subsequerntly, a gene fragment having the Bamt!
racognition sequences on both sides of the PaMPP1 gene was preparad by PCR using tha grimers 33 and 24 (SEQ D
Ns: 35 and 37), the fragment was ireated with BamHl, and it was then ingsrted indo the Bglil site of pUCPgapTm3418
to construct pUCPgapPaMPR1 TmG418.

D084} This expression vactor is designed 1o aliow expression of PaMPR1 (SEQ 1D NG: 38) under the confrol of the
GAP pramoter.

{Example 3] Construction of PpMPP1 expression vecfor

[0095F A gene fragment having the BamH| recognition sequences on both sides of the PpMPP1 gene was prepared
by PCR using the primers 25 and 28 (SEG 1D NOs: 38 and 40}, the fragment was treated with BamHl, and it was then
inseried into the Bghl sits of pUCPgapTmG418 to construct pUCPgapPpMPR1TmE4148.

[0086] This expression veotor is dasigned {o allow expression of PpMPP1 {SEQ 1D NO: 41) under the control of the
GAR gromnter.

{Exampie 4} Construction of Mul3 expressian veclor

[0027] A gene fragment having the EcoRl recognition seguences o Both sides of the G418 talerant gene caniralied
by the GAP promoter was preparsd by PCR using the primers 20 and 22, the fragmen was treated with EcoR, ard i
was then inserted into the EcoR site of pUCTm to prepare pUCTmG418. Subsequently, a gene fragmeant having the
Spel recognition sequence on 5 terminal side of the Muld gene and Bambi recognition sequance on 3 {erminal side
the Mut3 gene was prepared by PCR using the primers 27 and 28 {SEQ 1D NOs: 42 and 43), the fragment was treated
wilth Spel and Bambl, and the resultant was inserted into the Spel and Bgltt sites of pUCTmGE418 o construct
pUCMUBTmG418. Subsequently, a gene fragment having the BamHi recognition sequences on both sides of the GAP
pramater was prapared by PCR using the primers 29 and 30 (SEQ 11 NOs: 44 and 45}, tha fragment was freated with
Bamtil, and it was then inserted into the BamHi site of pUCMUWATMGE418 to construct gUCPYapMutaTmG418.

[0088] This expression vector is designed to allow expression of Mutl {SEQ 1D NO: 486) under the control of the GAP
promoter,

{Example 8) Consteuction of PaMPRUMU3 co-axpression vectar

[0089] A gene fragment having the BamH] recognition seguence on & terminal side of the Mut3 gene and the Spal
recognition sequence on 3' terminal side of the hui3 gene was prepared by PCR using the primers 31 and 32 {§EQ 1D
WNOs: 47 and 48), the fragment was treated with Bambil and Spel, and the resultant was inserted into the Bamtil and
Spal sites of pUCPgapPaMPP1TmG418 oblained in Example 2 to construct piCMut3PgapPalPP1TmG4 13, Subse-
quently, a gene fragment having the BamHI recagnition sequences on bath sides of the GAP promater was grepared
by PCR using the primers 28 and 30, the fragment was trealed with BamHi, and it was then inserted into the BamHil
site of pUCMUt3PgapPaMPF1TmMGA18 to construct pUCPgapMutiPgapPabPe 1 Tm&G418.

[0100] This expression vector is designed o allow co-sxpression of PalMPP{ and Mut3 under the control of the GAFP
promoter.
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{Exampls 8) Construction of PaMPP{/Mut3PpMPP1 no-exprassion venlor

[0101] Agene fragment having the Notl recogrition sequence on §' terminai side of the PpMPP1 gene and the Ecob2!
recognition sequance on 3 terminal side of the PpMPP 1 gene was prepared by PCR using pUCPgapPpMPP1TmG418
obtained in Example 3 as a template and the prinmers 33 and 34 {SEQ 10 NOs: 51 and 52). The fragment was treated
with Nlo#t and £co82i, and it was then inserted inlo the Nofl site of pUCPgapMuidPgapPaMiPP{TmE 418 obdsined in
Example 5 to construct pUCPgapPpMPPR 1PgapMs3PgapPabiPP1TmE 418,

[0102] This expression vector is dasigned {o allow co-expression of PaMPP1, M3, and PpMPP1 under the control
af the GAP promoter.

{Example 7} Preparation of MPP1 homolog-expressing hast yeast using MPP1 homaolog expressian vecior

[01G3} £ coif strains were transformed with the use of glJCPgagPaMPR1TMG418, pUCPgapPpMPP1TMGE413,
pUCPgapMut3TmG4 18, pUCPgapMutdPgapPalFP1TmE418, and
pUCPgapPpMPP 1PgapMuidPoapPaMPP1TmGE4 18 constructed in Examples 2 to 8, the resuiting transformants were
cullired in & mi of 2YT medium (1.6% Baclo Tryplone (Difon}, 1.0% Baclo Yeast Extract (Difco), and 0.8% NaCh, and
pUCPgapPafMPRITmG418, pUCPgapPpMPP1TMG418, pUCPgapMut3TmG418,
pUCPgapMut3PgapPaMPRPITmG418, and pUCPgapPeMPP 1PgapMut3PgapPaMPP 1 TG4 18 were obtained from the
resulting strains using the QiAprep spin miniprep Kit (HAGEN).

[0104] The plasmids were cleaved at the EcoRY or Nril site in the MOX terminator gene or the Nofl site in the
muiticloning sife to prepare lnearized plasmids. With the use of such finsarized pUCPgapPaMPPITmMG4E18,
PUCPgapPpMPP1TM(G418, pPUCPgaphMuiaTm3418, pUCPgapMut3PgapPaMPP{TMmG4 18, and
pHCPGapPpMPP1PaapMul3PgapPaMPRITmG4 18, Richia angusta and Pichiz pastors were subjected o ransforma-
tion in the manner described below.

[0105] The leucine~auxotrophs of Pichia angusta NCYC495 were inoculated into 3 mi of YPD medium (1% Bacto
Yeast Extract (Difco), 2% peplone, and 2% glucose) and subjected to shake culture at 37°C overnight {o obtain a pre-
cufture solution. The obtainad pre-culture solution {300 Iy was inoculated into 58 ml of YPD medium, shake culture was
concucted at 37°C until OD 600 reached 1 to 1.5, the culture product was cenkrifuged at 3,600 x g and 20°C for 10
minutes to harvest cells, and the cells were resuspended in 10 mi of 50 mM potassium phosphate buffer (pH 7.5)
cortaining 250 w of 1M DTT {final concentration: 28 mibd).

[0106] The suspension was incubated at 37°C for 153 minutes, the cells were harvested by centrifugation at 3,008 x g
and 20°C for 10 minutes, and the resultant was washed with 50 mi of STM buffer {270 mid sucrese, 10 mM Tris-HCH,
and 1 mk magnesium chioride; pH 7.5), which had been ice-cooled in advance. Afler the cells were harvested by
centrifugation at 3,000 x g and 4°C for 10 minules, the cells were washed again with 25 mi of ice-cooled STM bufier,
feltowed by centrifugation at 3,000 x g and 4°C for 10 minuies to harvest cells. The cells were suspended in 250 pl of
ice-poaled STM butler at the end, and the resuliing suspension was designaied as a competent celt safulion.

[0107] The competent cell salution (60 pl} was mixed with 3 pd of & sohition of linsarized pUCPgapPaMPPITmG4 18,
pUCPgapPpMPP1TmG418, olUCPQaphut3TmG418, pUCPgapMut3PaapPaMPP1ITIG418, ar
pUCPgapPpMPP 1PgapiMut3PgapPaMPP1TmE4 18, the mixiures were transferred into an slectraporation cuvelle {a
disposable cuvette; slectrode gap: 2 mm; BM Equisment Co., Ltd.) and pulsad at 7.5 kV/em, 10 pF, and 800 Q, the
resultant was suspended in 1 mi of YPD medium, and the suspension was then allowed to stand at 37°C for 1 hour.
Thereafter, cells were harvested by centrifugation at 2,000 x g at room temperature for 5 minutes, the harvested cells
were suspended in 1 mi of YNBMSG madium (0.17% ysast nifrogen base win aming ackd and ammonium suifals (Difco)
and 0.1% sodium glutamate), and the cells were harvested Front the suspension again by cenirifugation at 3,000 x g at
room temperature for 5 minutes. The cells were resuspendad in an adequate amount of YNBMSG medium, the resulting
cell suspension was applied 1o the YNBMSIE G418 sedection agar plate {0.17% veast nitragen Base wio aming acic and
ammoniim sulfate {Bifoo), 0.1% sodium glutamals, 1.5% agarose, 2% glucoss, D.05% G418 disulfale, and 100 mgf
feucine), ard the cells grown as a result of stationary cuiture 8t 37°C for 3 days were selectad. Thus, 5 types of Pichia
angustan MPP1 homolog-expressing host yeast cells were oblained.

[0108} The leucine-auxctrophs of Pichia pastoris X-33 wers inoculated into 3 mi of ¥YPD medium {1% Bacto Yeast
Extract {Difco), 2% peptone, and 2% glucose) and subjected to shake culture at 30°C overnight to obiain a pre-culture
sohution. The obtained pre-culture sofution {500 i) was inoculated into 100 mi of YPD medium, shake culture was
conducted at 30°C untit OD 606 reached 1 to 1.5, calls were harvested by centrifugation at 1,500 x g and 4°C for §
minutes, and the harvested cells were resuspended in 100 mi of steriie water,

[0109] Tha suspension was cenlrifuged at 1,500 x g and 4°C for 5 minutes (o harvest cells, and the harvested celis
were rasuspended in 5O miof sterile water. The suspansion was centriftiged at 1,500 x g and 47C for 5 minutes to hanvest
cels, and the cells were resuspended in 4 ml of a 1 M sorbitol solution. The resudting suspension was centrifuged at
1,500 2 g and 4°C for § minutes to harvest cells, the cells were resuspended in 200 pl of 2 1 M sorbitol solution, and
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the rasulting suspension was designated as the competant nell schition.

[0110] The compatent cell solution (50 1l} was mixed with 3 pd of 3 solution of linearized pliCPgapPaMPP1TmG418,
pUGPgapPpPP1TmG4 18, pUCPgaphut3TmG 418, or pUCPgapMut3PgapPaMPP {TmG418, the mixtures were trans-
ferred into an slectroporation cuvetfe (8 disposabie cuvette; electrode gap: 2 mm; 8M Equipment Ca., Lid.) and pulsed
at 7.5 kViom, 25 pF, and 200 ¢, the resuiting cells were suspended in 1 mi of a 1 M sorbitol solution, the resutting celf
suspension was applisd to the YNBMSGG418 selection agar plate {0.17% yeast nifrogen base wic amino acid and
ammonium sulfate {Oifco), 0.1% sodium glutamate, 1.5% agarose, 2% glucose, 0.05% G418 disulfate, and 100 mg!l
letcing), and the cells grown as a result of stationary culture at 30°C for 3 days were selacted. Thus, 4 types of Piehia
pastoris MPP 1 homolag-expressing host veast celis were ohtained.

{Example 8) Preparation of ransformant expressing MPF 1 horaolog and fully humanized anti-ThNF-u Fab antibady using
fully humanized anti-TNF-« Fab antibody expression vector

[0131] £ coff sirains were fransformed with the use of pUC-PmoxLPmaxFdTm and pUC-PacxLPaoxFdTm constructed
irt Example 1, the transformants were oultired in 5 ml of 2YT medium {1.6% Bacto Trypione (Difco), 1.0% Bacto Yeast
Extract (Difco}, and §.5% NaCl), and pUC-PmoxLPmoxFdTm and pUC-PaoxLPaoxFdTm were obtained from the cells
using the QGIAprep spin miniprep kit {QIAGEN).

[0112] The plasmids were cleaved al the EcoRY site in the MOX lerminatar gens to prepars linearized plasmids. With
the usa of such linearized pUC-PmoxLProxFdTm and pUC-PaoxiPaoxdTm, Fichis angusta was ransformed with
pUC-PmoxiPmoxFdTm, and Pichia pastoris was transformed with pUC-PacxiPaoxFdTm in the mannar describad
below,

[0113} The Siypesof Pichiz angusian MPPT homolog-expressing host yeast cells obtained in Example 7 or the leucing-
auxotrnphs of Pichia angtisia NCYC4958 were inoculated into 3 mi of YPD madium (1% Bacta Yeast Extract {Difea), 2%
peptong, and 2% glucoss) and subjected {0 shake culture at 37°C avernight to obtain a pre-culiwre solution. The obtainad
pre-culture sofution (500 ) was ihocudated info 50 miof YPD medium, shake culture was conducted at 37°C untit OD
800 reached 1 1o 1.5, cells were harvesied by centrifugation at 3,000 x g and 20°C for 10 minutes, and the harvested
cells were resuspended in 10 mi of 50 mM potassium phosphate buffer (pH 7.8} containing 250 pl of 1M BTT (final
conceniratior: 25 mMi.

[0114] The suspension was incubated at 37°C for 15 minutes, followed by centrifugation at 3,000 x g and 20°C for 10
minutes 0 harvest cells and washing with 50 mil of STM buffer (270 mM sucrose, 10 mM Tris-HCL 1 m magassium
chioride; pH 7.5), which had bean ice-cooled in advance. After the wash solution was cenfrifuged at 3,000 x g and 4°C
for 10 minutes o harvest cells, the ceils werewashed againwith 25 mi of ice-cooled STM buffer, foliowed by centrifugation
at 3,000 x g and 4°C for 10 minutes 1o harvest cells. The cells were suspended in 250 pl of ice-cooled STM buffer at
the end, and the resuiting suspension was designated as a compelent celf sohution.

[0116] The competent cell solution {80 pi) was mixed with 3 wl of a solution of inearized pUC-Pmoxt PmoxFdTm, the
mixture was transferred inle an eleclroparation cuveite {a disposable cuvetie; electrode gap: 2 mm; BM Equipment Co.,
Lid.} and pulsed al 7.5 kv/om, 10 pF, and 900 , the resulling cells were suspended in 1 ml of YPD medium, andg the
suspension was then allowed {0 stand &t 37°C for 1 howr. Thergafter, the suspension was centrifuged st 3,000 x g at
roam temperaiure for 5 minutes to harvest celis, the cells were suspeanded in 1 mi of YNBMSG medium {0.17% yeast
nitrogen base wio amingc acid and ammonium sulfate {Difes) and 0.1% sodium glutamate), and the resultant was ocen-
trifuged again at 3,000 x g stroom temperature for b minules to harvest cella. The cells were resuspended in ab adeguate
amountof YNBMSG medium, transformants of Pichia angustan MPP1 homolog-expressing host yeast cells were applied
to the YNBMSGG418 selection agar plate {0.17% yeast nitrogen base w/o aming acid and ammonium sulfate (Didco),
1.1% sodium giutamate, 1.5% agarose, 2% glucoss, and 0.05% G418 disulfata), the letcine-auxotrophic transformants
of Pichia angusta NCYC425 were appliad to the YNE selection agar plate {0.87% yeast nitrogen base w/c amino acid
{Difco), 1.5% agarase, and 2% glucose), and the cedls grown as a result of stationary oulture at 37°C for 3 days wers
sslacted. Thus, transformants of Pichiz angusta expressing MPP1 homobag and fully humanized anti-TNF-u Fab antibndy
and transfornmants of Pichia angusta expressing Sty humanized ani-TNF-« Fab antibody were obtained.

[0148} The four types of MPP1 honwolog-expressing host yeast cells of Pichia pastoris obtained in Example 7 or the
leucine-auxotrophs of Pichia pastaris X-33 wers inoculated inte 3 ml of YPD medium {1% Bacto Yeast Extract {Difco),
2% peplone, and 2% glucose} and subjected to shake culture at 30°C avernight to obiain 2 pre-culture solution. The
obtained pre-culture solution (500 i1 was inoculated info 100 mi of YPD medium, shake culture was conducted st 30°C
untit Q0 800 reached 1 fo 1.5, cells were harvested by centrifugation at 1,500 x g and £°C for § minutes, and the harvested
cells weare resuspendsd in 100 mi of sterile water

[0117) The suspension was cenfrifuged at 1,500 x g and 4°C for § minules to harvest celis, and the pelis were resus-
perded in 50 mi of sterile water. The suspension was centrifuged at 1,500 x g and 4°C for 5 minutes to harvest cells,
and the calis were resuspanded in 4 miof a 1 4 sorbital solution. The resulting suspensinn was centrifuged at 1,500 x
g and £°Cfor 5 minwtes to harvest celis, the cells were resuspended in 200 plofa 1 M sorbiiol solution, and the suspension

16
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was designated as the compatent cell solution.

[0118} The competent cell solution {50 b was mixed with 3 pl of a solution of linearized pUG-Paoxt PacxFdTm, the
mixture was transferred into an slectroporation cuveite {a disposable cuvetie; electrode gap: 2 mnt, BM Equipment Co.,
Lid.} and pulsed at 7.5 KW/em, 25 uF, and 200 €2, the resulting cells were suspendad in 1 mi of & 1 M sorbitof solution,
the ransformants of Pichia pastoris {as MPP1 homolog-expressing host cells} were applied iv the YNBMSGGA18
selection agar plate {0.17% yeast nitrogen base wio amino acid and ammonium sulfate {Difeo), 0. 1% sodium glulamate,
1.5% agarose, 2% glucvss, and 0.05% G418 disulfate), the leucine-auxotrophic transformants of Fichia pastoris were
appiiad {0 the YNB selection agar plate {(L87% yeas! nitrogen base wio aming acid (Difen), 1.5% agarese, and 2%
giuense), and the strains grown as a resuit of stationary culture at 30°C for 3 days were selected. Thus, transfarmants
of Pichia pastoris expressing MPP1 homolog and fully humanized anti-TNF-i: Fab antibody and transformants of Pichia
pastoris expressing fully humanized anti-TNF-a Fab antibody were oblained.

{Example 8) Culture of transformants expressing MPP1 homolog and fully humanized ant-TNE-« Fab antibody

[0119] The transformants expresaing MPP1 hemolog and fully humanized ant-TNF-a Fab antibody and the trans-
formants axpressing fully humanized anti-TNF-« Fab antibody ablained in Example B were inaculated inte 2 miof BM3Y
medium (1% Bagto Yeast Extract, 2% peptone, 0.34% yeast nitrogen base w/o amino asid and ammionium sulfate
{Difeo}. 1% aramonium suifate, (.4 mg/l biolin, 160 mM potassium phosphate (pH 6.0, and 2% glycercl} and subjected
to shake culture al 377C and 120 rpm for 72 hours, and the aulitre supernatant was then recovered by centrifugation
at 15,000 rpm and 4°C far 1 minuis.

{Example 10} Measurement of amount of fully humanized anti-TNF-a Fab antihady secretion by ELISA

[0129] The amount of the anti-TNFw Fab antibody secrsted and expressed in the oultre supernatant of each of the
transformants expressing MPP1 homolog and fully humanized anti-TNS-a Fab antibody was measured by sandwich
ELISA {ie., enzyme-inked immunosorbent assay) in the manner described below, The goat anti-human lgG (Fab-
specificy antibody {SIGMA) diuted 2.500-fold with an immobilization buffer {a 0.1 N sooium bicarbonate solution; pH
9.6} was applied to an ELISA plate {MaxiSoap, Nunc) at 50 witwell, and the plate was subjected to incubation at 4°C
overnight.

[0121] After the complstion of incubation, the solution was remaoved from the wslls, the welis were blocked with 250
wlof Immurnoblosk {Dainipgpon Sumitomo Pharma Co., Lid.), and tha blate was allowed o stand at reom temperature
for 1 hour. The product was washed three times with PEST bufter (8 g/t sodium chioride, 8.2 gft potassium chioride, 1.15
o/l monosodium phosphate {anhydrous), 0.2 g potassium dibydrogen phosphate (anhydrous), and 0.1 % Tween 20},
and serial dilutions of the standard Fab anlibady {Anti-Human igG Fab, Rockland) the culture supernatants were added
at 50 plfwedl, and the reaction was aliowed to proceed at room famperature for 1 hour.

[0122] Afier the plate was washed twice with PBST buffer, a secondary antibody solution dikuted 8,000-fuid with PBST
buffer (secondary aatibody: Anti-human i[9G (Fab-specific-HRP conjugate antibody {S1GMAY) was added al 50 pliweil,
and the reaction was aliowed to proceed at room temperature for 1 hour. ARer the plate was washed four imes with
PBST buffer, 100 plof TMB-1 Componeant Microwal Peroxidase Subsirate SureBlue (KPL) was added, and the reaction
sclution was allowed to stand atroom temperaiure for 20 minutes. The reaction was terminated with the addition of 100
wiof ThAB Stop Sohution {KPL), and the absorbanoe at 450 nm was then measured using a microplate reader {BenchMark
Piug, Bio-Rad). The Fab antibody in the culture supernatant was guantified using the calibration curve for the standard
Fab antibady. The amount of secretory exgression of the ant-TRNF-w Fab antibody delermined by the above mathod is
shown in Fig. 1,

[01231 As aresult, the amounts of antibody secratory expression attained with the transformants expressing PaMPP 1
{pUCPapPaMPRITMG4 18- infroduced) and fully humanized ardi-TNF-«w Fab antibody, the transformarnts expressing
PoMPP1 {pUCPgapPpMPP I TmG4 18-intradusad) and fully humanized ani-TNF-i Fab antibody, and the iransformants
axprassing Mutd (FHCPgapMut3TmG418-infroduced) ard fully humanized anti-TNF-w Fab antibody were found o be
apparently higher than those attained with the bost strains {i.e., ransformants expressing fully hurmanized ant-TNF-u
Fab antibody).

[0124F Further, the amounts of anlibody secretory expression attained with the iransformants cc-expressing
PaMPP1/Mutd (pUCPgMut3PgMPP1TmC418-infroduced) and fully humanized ant-TNF-x Fab antibody were signifi-
cantly higher than those attsined with the hosts {L.e.. ransformants expressing {ully humanized anti-TNF-« Fab antibody)
and those attained with the transformants exgresging the PaMPP1 (pUCPgMPR1TmMG418-introduced) and fully human-
ized anti-TNF-« Fab antibady. Since the amounts of antibody secratary expression attained with the transfarmants co-
expressing PaMPPIMut3/PoMPP1 (pUCPgapPpMPRPgapMuldPgapPaMPP1TmG418) and fully humanized anti-
TNF-x Fab antibody were lower than those attained with the transformants eo-expressing PabMPF1/MUL3 and fully
humanized antl-TNF-« Fab antivody, a combination of PabMPP1 with Mul3 was found to be effective.
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[0125} The present invertion can be used inthe field of production of proteins and, in particular, in relation to antibodies

uged for treaiment of diseases.

{ publications, palents, and patent applications cited herein are incorporated herein by reference in their
[0128] Al publicati tent d patent apphicati ited heret i ted herein by ref in thej

entirsty.
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<1i0>
<120>
<130>

<156G>
<151>

<160> 52
<3 70>
<2i0> 1
<3il>

<212>
<213>

DNA
<400> 1

tegacgegga
accaggoega
aggtogtita
ttoagcatgt
ttactgtacc
tggectgtyga
tacttgtteg
attagttiga
tacagtgtga
gaatggaaga
ttgaacgagy
aaggoetit:
agoegagaca
tegaggtogt
teoactgeayg
ccctigatoo
tagegachkgy
gcatgcatee
tgtgaatoty
cagetaggatg

taaceggacg

B1G0590

J¥ 2011-61571%
2011-1~27

1511

Pichia angusta

gaacgatate
eggeacgeta
gaacgtectg
taotogagoayg
ggaagaggta
Fragegggya.
cgtegetgta
tyRggtgeyy
tgtcacoatc
acegogacat
gggocasaag
SCagRggasy
attegggegt
ggaagattte
agatgeegtt
attctatgag
acatctogag
ttgeacogoa
goaactgagy
gtgtcatotyg

gogotacaoa

EF 2 663 375 A1

SEQUENCE LISTING

KANEKA Corporation

PatentIin versioen 3.1

ctegagetge
cttgeggaca
cgeasagtoc
ccatctgtot
gtttgectog
cghtotogacy
googgeeyeg
caggatggge
gaatgtaatg
ctecaacage
coggegtity
totegtgaag
gaoggatttg
cgegtagegy
getettoace
gccatctoga
actgggottyg
agtttttaaa
gogttetgea
aggetotgtt

ctgotgtoty

tegaggatea
acggtggetyg
agtgteagat
ttggagtaga
cogoncataa
gogtogatga
gtgacgatac
gactoggeat
agctgeaget
tgggeegigt
ctgatggage
aagetgocaa
gtoattteaa
cgttttgoot
gegtacagga
cggtgttact
ctghgetgga
aceeactege
GeoqeaARCey
tgctggagta

tgentgetae

19

gettghggee
gagagoocag
gaatgteote
agogtaatet
tgaacaggbt
guoccttgay
ccacatagag
cgaaattitt
tgogatbtoteg
tgagaatgag
ggogetogte
agetoggaae
tgttgtegta
cagagttiac
cgaacggegt
tgagtgcgta
tgoaccaatt
tttagoogte
aacttitcoge
geetacaacyg

cagaaaatca

Yeast for transformation and method for producing proteins

cggtaatgga
thtgtgaang
cteggaccaa
ctgetaoctog
ctekttotgy
gugetagtag
gtecttggoe
geogtaegtey
gatggttttg
ceggacgteg
ctogatygtag
cagetgeacyg
gatgaggagt
catgaggtog
ggccageagy
ctecactotg
aattgtigoo
gogtaazact
ttecgaggacy
tgacottgoe

coagageage

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

60
120
188
2490
300
360
429
489
54¢
€00
664
720
780
8490
%00
860

1029
i08¢
1149
1204

1260
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agagggonga
cgggtgaace
gtttttgeee
cocacacggt
anaazzacaa
<210> 2

<211> 697
<212> DNA

tgtggoaact
ggeaagaaag
tacttgatea
ceatotataa

a

<213> VPichia angusta

<4060> 2
ggagacgtyg

tttatategt
atgaaaatta
ctaagaacgt
tgtgtcagga
ttgagcaget
actegggaat
tetgtatgyg
agattgtcca
ttecgeaaga

cggactqg

<210» 3

aaggacatac
ttatgaagty
aattasatat
tgtceatgate
gggagecaat
caagaoggan
atotegegac
coaguagtgt
tggaaaaacy

tgttgotgta

<211l» 1251

<212> DNA

<213> Pichiaz angusta

<400> 3
gagtceoctga

ggatggtttt
agtasgasca
gtcazggtte
ctgatoggaag
goegocaaga
ggctocgtge
aacctgegho

gaaatogtoa

gtacgtaage
tosattibtte
trgtgottat
togaggetgt
gtgoatogat
aggectgacys
gtoctgagea
catgoagbtt

agggoeastga

EF 2 663 375 A1

gorgggghgt
taaattotta
eagatggayt

atactgetge

egettitgag
atgagatgas
tttattagge
gacaactacg
gtogaggtit
gttgtggtga
gtgateagec
atocttogagg
tocactgtia

ancagatace

ggtttggtasa
cggtaccgge
coctggtgat
ctogtoggea
cgatgattat
cgtttigott
gggtctgttg
tgottocgac

ctttghtgtt

eggacagget
tgectaceghy
cagagetgea

cagtgcacyy

aagagtgttt
aagotgaaat
tattagtcac
actagtttac
toaggaacga
tatcocotgg
sttttaaagy
agttigyogy
2gCacyacaa

actegotgge

tacgaaataa
gcaaaatagt
cacgtgggoe
atoggegtts
goggtgooat
ggagecgteg
aagatcagas
gobottobga

gtgegtgagt

gtttetecas
cagegacteoo

getaagtgta

tggtgacata

gaasatagtt
agogagtata
cttoaaaaty
ctggaacctg
toagateanc
toctggooat
Qaagattoet
agacgtogag
caagggaaty

cggaacgota

aaagacagga
tgcatcattt
cogaggtbat
agtteaactt
tgtecgacga
gaggacctas
aagagctcaa
agctatctoo

tgartygtys

agtgcaaatg
gacatoccoa
accascagh

aatctaaagt

gtttttetoy
ggaaasttta
coggceagett
tacgagtace
attooggaga
ccaagaacaq
gtotttggty
tatgegygey
fticaazaacy

aagtogette

atgagtaaght
tgcaatcatg
tgoggaggne
ttocazgeag
ggonctagas
gtyggggaacs
ctitgtacgoy
actgaaatoa

aatotacttt

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

1320
1380
1440
1560

1531

&0
12¢
180
240
300
360
420
480
540
600

807

&0
120
180
249
380
360
420

486
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ggtgaccgea
ccagaggtge
ctoccactgh
actgttgagy
gactcoygeay
aacaacatgt
ctgetgoctt
gageootgen
attttgtotg
ategagoagy
agetoctoas
aactaaataa
<Z10> 4

<211> 931
<212> DNA
<213>

<400> 4
aavatocaaa

toteagacat
cgoaggacet
gttattggge
tgactttatt
aatgeaacaa
gggtcazata
gaacctaata
tgctaacgge
tggtattgat
cgetitotgas
atgattatgs
agoctaacgt
acagaaggas
ataattgega

gagaagates

aggaggatge
agagaatasc
ggtegotgga
agaccatcaa
ccatgatttt
ttggegacat
ctgectegtt
acggctogge
cogocatgat
cegtcaagaa
cacaggaagt

gggagaazaa

gacgaaaggt
aagtgccaaa
ceacteckot
ttgattggag
agootgtota
goeteogoatt
gtttcatgtt
tgacaaaagao
cagtiggtea
tgacgaatge
cocoeggtgea
attgtctecoa
toatgateaa
gotgoeatgt
ctggttcocaa

aaaaacaact

EF 2 663 375 A1

cggegacgga
gagaatggog
caaagoaaac
gaacgagttc
ggtcaagtoy
catcagtgac
ggogtetotg
gacagatttyg
getgaagoetg
cgtectggat
tggtgatgot

aaagtaggat

Pichia pastoris

tgaatyaaan
cgcaacagga
tcoteoctoaac
ctegotoatt
toctggocon
acacengaac
ccgcaaatyy
gtgatoteat
aaaagaaact
toazanatas
cctghgeega
cattgtatyge
aatttaactyg
cttaaacctt
ttgacaaget

aattattega

gttgecageg
geckbtbbgg
gtgettgeat
cogoagotga
ccaacgaaac
gaggooaghyg
ccagacacaa
ggoecgggea
tegotggact
gcaggtatca
gttgogeagg

ctogaataat

ctttttgeoca
ggagatacac
acccactitt
ccaattoctt
cctggegagy
atcactaeag
coeasaacty
ccaagatgaa
tecaaaagte
tecteattaat
aacgraaatg
ttrcaagatt
ttetaacece
ttttettate
tttgatttta

a

21

acactgagay
cgctgeagag
cctegogttt
cqggtgcagca
teaacggtygt
tgattoctgy
acaaggegtt
aggteaatoe
tggtggatge
tgactgooga
aggtggenas

tootaaatas

toogarabon
tageageags
gcecategaas
ctattagget
ttoatgttty
atgagggett
acagtttaaa
ctaagtttgg
gecatacogt
gektageges
gggaaacacc
ctggtygggas
tacttgacag
atcattatta

acgactttts

ctattotgtt
cgacccaccy
gtggeggaag
cocagotgate
catégtoace
ghbototggge
tyggtottitac
attggoeaca
aggecgtgeq
tttgggtaga
getactoaag

t

acaggtocat
cegttgeaas
aaccagooea
actaacacca
tttattteeg
totgagtgtg
ogetgtottg
ttegttgaaa
ttgtottgtt
gteototetat
cgebbtttgg
tactgotgat
caatatataa
gettactite

acgacaackt

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

600
§60
720
780
g84¢
200
960
1020
1080
1140
1200

1453

480
540
600
660
720
780
840
800

831
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<2i¢> B

<211> 255
<212> DNA
<Z13>

<400> 5
atgagattta

ccagtcaaca
tacteagatt

aacgggttat

tototegaga

<210> 6

<21il> §45
<2i2> DNA
<213>

<220»
<223>

<400> 6
gacatocaga

atcacttgte
gugaaagoos
cggttoagtg
gaagatgttyg
gggaccaagy
totgatgago
cctogagagy
gagagtgtea
ctgageaaag
ctgagetoge
<210> 7

«21l> §75
<2i2> DNA
<213>

<220>
<223>

<400¢> 7

cttoaatttt
ctacaacaga
tagaagggga
tgtttataaa

aaaga

Artificial

Light chain

tgaceragte
gggoaagtea
ctaagotoct
gcagtggate
caacttatta
tggaaatcaa
agttgaaate
ccaaagtaca
cagageagga
cagattacga

cocgtcacaaa

Artificial

Fd chain

EF 2 663 375 A1

Saccharomynas cerevisias

tactgeagtt
agatgaaacy
tttogatgtt

tactactatt

teeateetos
gggeatcaga
gatctatget
tgygacagat
ctgtcaaagy
acgaactgty
tggaactgos
gtggaaggty
cagcaaggac
gaaacacaaa

gagcttcaac

ttattegeay
geacaaatte
getgttttge

gecageatty

ctgtetgeat
aattacttag
goatocactt
ttoactotea
tataacegtyg
goggogocat
tetgttgtgt
gataacgooe
agoacctaca
gtetacgoet

aggggagagt

cataotocge
cggetgaage
cattttecasa

ctgctaaaga

ctgtagggga
cotggtatea
tgcaatcagy
ccatoageag
caceghatac
ctgtcttcat
goctgotygaa
tocastogay
gectoageag
gegaagteac

gttag

attagotget
tgtoateggt
cagcacaaat

agaagggqta

cagagtoaca
goaaaaacea
ggtoocatet
cotacagect
ttittggoacag
cticoogeca
taacttotat
taactoccag
cacectygacy

coateaggge

gaggtgeags tggtggagte tgogggagge ttggtacage ceggoaggte cotgagactco

toctgtgogy cctotggatt caccttigat gattatgeca tgoackyggt coggraagot

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

&0
1290
180
249

255

60
1290
180
240
300
360
420
480
540
6G0

645

&0

120
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ccaggyaayy
geggactatyg
ctgeaastga
taccttagea
agtgctaget
gggggcacag
tcghggaact
tcaggactet
acctacatet
ccoaaatett
<210> 8§

<21l> 284
<2iZ» DNA

<213

<400> B
tacagagett

cecktacaty
cactggooog
gacttttogt
gcacattate
<2i¢> 9

<2il>

<212>
<213»

DNA
<220>
<223>

<408> 8
getatacaga

accaccctba
tgaacactgg
gcacgacttt
toctegoagcat
aagatggatt
gggcacaaca

geonggtiot

gactggaaty
tggagggecy
acagtctgag
cegegtocte
toragggoae
cggecctogy
caggogeoct
agtecoteag

goeaacgtgaa

gttaa

Pighia angusta

tatatcaccet
cagagetaac
gagtaghcat
aaagttoggg

aattgetott

1083

Artificial

gotttatatce
catgcagaga
cocygaghtag
tugtanagtt
tatcaattge
goacgeaggt
gacaatcgge

ttttgtoaag

EF 2 663 375 A1

ggtetcagot

attaaccate
agotgaggat
ccttgactat
atcggtotte
ctgectggte
gacoagegge
cagegtggty

teacaagece

tactgaacge
caataaggta
acghtgtaggt
agggagtget

tagtacaaag

GAP promotar G418 gene

accttactga
taaccaataa
tecatacgtgt
cgggagFgay
totttagtac
tetooggony
tgototgatg

acogaccetgt

atcacttgga
tecagagaca
acggoagtat
tggggccaag
caoctggeac
aaggactact
gtgcacacct
acegtgeect

agcaacacca

tagagtagac
attaattaac
tttbgogogty
geaaacgyca

ataatataga

acgcetagagt
ggtaattaat
aggttittgg
tactygoaaan
aaagataata
ctitggotgga
cogeoghgtt

ceggtgocct

atagtggtca
scgccaagas
attactgtgn
ggaccctggt
actoctccas
toceogaace
teccggotgt
coageagett

aggtggacaa

acastboecy
actatatage
atgaaaatca
tataaggace

aaca

agacccaatt
taacactata
cgtgatgaaa
gucatataag
tagaaageat
gaggcetatte
ccggetgtea

gaatgaactyg

catagactat
ctonectgtat
gaaagtotog
cacogteteg
gagcacctct
gytgacgyty
cctacagtoc
gggeacecag

gagagttgag

goteacacsa
tegtggtgaa
gotggrgean

agtttttcte

ceoggetcac
tagotaogtyy
atcaggtgge
gaccagtttt
atgattgaac
ggctatgact
gcgoagygge

caggacgagy

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

180
240
300
360
420
430
540
660
660

875

66
130
180
240

284

60
120
180
240
360
360
420

480
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cagegogget
teactgaage
catetcaceot
atacgectiga
cacgtactoy
ggetogogee
tcghogtgac
ctggatteat
ctacoegtga
acggtatege
toetyga
<2i0> 10
<2i1l>

<212>
<213>

DNA
<40g> 10

atgtocattt
aagaaagaga
aaacacaaza
gaatgtgtot
ttttgttica
tctagotoao
aaggoectact
aaaaacgagt
togeeoetgt
cegagetttg
cotteactgt
atgtoctettbg
aaaaagagoa
tgtctotica
attttegaga
atgatgctgt

gagaceccaat

atocgtggety
gggasgygygac
tgetactgon
tecggetace
gatggaagoe
agocegaactg
ccatggogat
cgactgtgge
tattgetgaa

cgotoaogat

2055

Pichia angusta

ccagagacga
canctosgan
agtgcgacga
ggcoagaaga
gocaaageaa
tgtoconact
egotegaegt
atctogacge
cgggtotett
gggccagaete
catcgggota
cocaasaagga
aattoggoot
togetaccaa
tettcactga
tgatggaaac

gtaacatttt

EF 2 663 375 A1

gocacgacyy
tggoctgetat
gagaaagtat
tgceoatticog
ggtottgtey
ttogooagge
gectgetige
cggetgggty
gagottggeg

tegeagogaea

cgacoacaca
caaacygagy
aaacoggoee
agtcaagaag
geatogegac
agactaccat
¢goegaoncac
acctetcaca
caacgatena
getaagetac
asacgataaa
cgecgactbt
cgactactac
ggatageace
caagtctace
gtacattgat

tatgaccaaa

gegttoottyg
tgggcgaagt
ccatcatggo
aceaccaaqe
atcaggatga
teaaguegey
cgaatatcat
tggeggaccyg
gegaatggge

taegectteta

agacogaage
gtooggacag
aagtgegact
aacgtttityg
aggttcegea
ctoggtocag
tatotoagog
acageatace
caggagatqgae
tttgacacge
atotegaccy
gagceatogtt
gagctgocaa
tooggtagea
atggaggete
casattgete

ateocagage

24

cgoagotgtyg
gecggggoay
tgatgoaaty
gaaacatoge
retggacgas
catgoccgac
ggtggaaaat
ctatcaggac
tgacogette

tegectictt

gegoaaggte
gotgtiigan
tetgeacoge
toaacaacte
agoucacaga
atgatocgeg
catttgatgyg
ctetgetoga
caagocaget
tgcaaagota
catecteegt
actoghtige
acacgetcas
aactgeccaa
attocatega
atttectcaa

tegeacacag

ctegacgthyg
gatotcotgt
cggeggetge
atcgagogag
gagcatcoagyg
ggogaggate
ggcocgetttt
atagegttgg
ctogtgoettt

gacgagtict

tgguaagoct
gtgtogoagy
aaaggggete
gttcaaggac
ctttgatctyg
cacacgoaaa
ctattogegs
gacgtocgag
gaceagaact
tagcoatgaac
ctegtocgac
agageegoag
cgacctoatg
caaggagace
cgacoatgag
caagtcegac

attteoectog

Case No.: IPR2023-00322
U.S. Patent No. 10,273,492
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8§00
§60
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600
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ctaaagtacg
toegggogaaa
aactcogaca
attctgagea
aaagtetgte
tttgoogege
gaggactggt
tocatgtige
gaattegaca
tegageaaca
agecagetoga
cagacaaags
acattattce
atgtogegyt
aagagcgett
geeggaaage
ctagaatogt
aaacgogagt
<2310> 11

<21l

<21@>
<213>

DR
<408> 11

atgagtaceg
aaggatatac
acgggetooa
gtocgeacyy
ccaazatgbg
aagaatatot
gctgatagte
aatcaztoge
gagtttaact

gtagacgotg

2667

ctatcectggy
aaacgtigea
aazacactct
caaatcogga
atatcaacge
tagacataogg
ttggoacoga
atetgteatg
gotgoetggaa
tgogeggett
cggcoettbg
cgoggcbogt
aaagtgocat
ctcagattty
cgteacygag
tgatcteocte
ggtogagtat

gotga

Pichia pastoris

cagooecaat
cktegascge
aatctgetgy
gotgtttgac
acttttgoac
tugttaacaa
toaatttgge
ttiogtoaat
tocaagactt

acgaggeoca

EF 2 663 375 A1

acttgootea
gtactatace
cgaggtggtt
ctoctggeoat
acgotoagaa
ctgetgegoe
cgcocactiog
ccagatette
gteacttigg
ctgtttitaaa
tgoecaacnaa
caagctacat
caaaacgyag
geacgaenaag
toctegggtge
ggctoacgag

gtegatggat

caaggaagaa
aaaacaggoa
tggatctgge
ctgecgaaay
tttgaaagge
ctocatgaag
cgtgaatoty
tggattggaa
gataggtica

aaaactogac

cgacacotty
tattetttge
ganacgtgty
tcgagactcg
acagagobyy
ghttggagaca
agtocgaceg
cagetggtca
aagoagetyg
agagacaact
otgtitccaca
gagccagaaa
caaggegagt
cagateatey
cagatctigt
cattegatta

tggagagaaa

agecaatitg
aagtogaaag
aacaacaacyg
aagcacaaga
ttggaatgty
gatttottag
caacaacage
agttttggtt
aactectggeca

atttecaaca

25

agaaagtcay
aacagottag
tootgobghy
agaactgogy
aaaaagebtt
gaaagacogh
agactggeoac
gotegaacga
gegactggga
cgbicoctga
natgeotgtat
aacsagaaay
cggtotagac
gtataaacgt
cqetocagge
ttetgeaact

aacaactgac

cecatttgace
ttteagegge
ctgcacctgt
arbgtgacga
teotggecaga
guaagaaaas
agagttcaaa
avggoetotygy
gttecagatco

agaacagtog

atcocgattat
catgtgtotyg
ctattttgag
ctooatgete
attétggage
tgtiogtect
tgcgttgeaa
tgaccagtot
acgogoaoga
gactectgtte
tetgatgote
gaccooogas
cagragtetyg
gtgoaacatg
gatotggate
cttgoagaga

tgagttctgg

cetaatgaac
coctgataay
gaaasaaaga
gaacagaaac
gaacaataag
gotggatgga
cagaattgee
tatcaaaaac
gacatttica

taagagacaqg

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

1080
1140
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aaactaggtt
tocaatggaa
ggottgatgt
agcaaccaca
tekoaaaaan
ctttggttoa
cagggagatyg
togattttea
atgggoccat
ttgaaggoag
atgaccoctta
aacggtaact
ttotctgaca
atgagaaact
tttggaacaa
gcetatatott
tgctaccaat
tacattatea
cagagggaca
acatctaaty
acttgtgoan
actgactaca
actgacgatg
attaacctgt
tggaatgaac
ttoaaggoca
totogaagot
aaaccacgat
gacaacaaay
gatcatttgt

aatgeaa’acy

tgotgenggt
agtoacacta
tcaactoans
atataggttt
agcatggaaa
atgagttoca
atgeottctas
gttecacgtie
tetocasagy
agtcacecte
gttegtctea
attotagoace
agttcboatt
tcattgacaa
zaattcocagt
ctegtcaaag
actoactaca
catgtattot
tcattgbtgtc
acaaactgga
tegotgaana
agacceattoa
acttggacga
tgaactgeaqg
tcaatgastyg
atgacgaatso
gttacagtaa
tatacaaaat
ctgggatgte
ctocaagaag

gtgeaggtaa

EF 2 663 375 A1

cagcaatgaa
tttetcttea
aagettoaac
gtetocgstg
ttacagtaga
aaaacaggoee
gaacaacadca
tagtgcaget
accagagatt
ttottcaaag
tctgaatagt
cgtttecaac
gagtccacoa
catotegona
tctggocaaa
agaaaggata
acagoteato
cotgagtgty
attggcaaasa
aaagagtatt
gtoaatggte
agatgtgaay
tatgtatgec
agatgcegaay
ggaatigaac
geagggoegga
ccagotgtat
cocctttact
tgottecage
tgtagagena

caagttooge

acttocoatt
ceghbetggga
ceoctcacag
teatgettat
cacttttcat
ctoacageea
gecattonta
tetageaact
gagttcaact
tacaatetge
caacactcoeg
aacttgaget
acaatcactg
tggtttgaca
zaatgttott
aagaaagagce
cctactgtto
ttecacatoa
tacattcaag
ttotggaact
attaotttta
ceatttttea
atctacatge
ctoaattttg
anacocttga
tcaactitic
catatgaget
acagtttctg
acacotgoett
totetttoga

tetacgotot

26

tgaaaggtbt
ctaatgacga
ttaacgatte
tttoetacagt
acccatotygy
atggagaaaa
aggaccagte
caggagacga
acgattettt
cggaaaattt
acacttitgge
taagtttgaa
acgecgaaada
cttttgacaa
cattgtacta
acaatgaaaa
aaagotcaaa
tgtetagtga
catgcaacat
atgtcoaattt
gatactgggt
ceaagaagac
tgtacattag
ageecaagty
cotttcaaag
caactgttet
acatcatett
ctteaatgtc
cagaccacea
caacgttgag

ggcatgacaa

caatggaaty
tgaactaagt
taccaacsac
toaagaagea
gecggaggac
tgetgtocaa
ttegaactea
tattggasgg
titggaateg
gazagagtac
aaatggeact
ctoettotet
gtttteattg
taccagacag
tgecattcotyg
aacattgeaa
taatattgag
acctteaace
aaacggattt
ggatttggot
taaagagaca
tageacgaca
tggtagaate
ggagtttttg
tattgttcag
attaotecaac
agtgcagsat
atctocateg
cgettetggt
cxotecgect

geagatetgt

Case No.: IPR2023-00322
U.S. Patent No. 10,273,492
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gggattteota
ceattgtgge
ctgttgaaca
attgactact
<210> 12

<2li»

<212>
<213>

DNA
<400> 12

atgtgtaagc
cotgatcaay
cccagoaact
gttgttttge
atcaagtgtt
tacgaccage
ggtceecatety
sggatggaog
aagotgacay
atgaacaage
gaggagtacy
gocoattoca
agtoogecaty
saggagatca
tgggaazacyg
aacgagotek
ctegtgtact
ggckogaaga
tacttoatty
cagacaatty
gcatacatcg
tacoegttes
atggacattd

gaccaggacs

2730

tcaacaacaa
acgotggaaa
accttgagtyg

ggaatgttga

Pichia angusta

goaagagtac
ggtoctocat
aggagoegeco
agaagaageg
ctggegaccot
coagtegage
ecaattotea
acegactaaa
atotcaacga
tgcegagaaaa
asaggttgec
cgacegeggt
gtggeggoee
agatcattet
cgtgtattet
aggacacaga
cagtoatgge
atggecgaged
cagogeggaa
taatgttgat
goatagegtt
atgeaatega
acgtcaacac

tgecaatoga

EF 2 663 375 A1

ccacaacage aatctageoag ccaaagtgaa cteatigeaa

gotaattagt teccazgtotg aacatacacs gttgetgsaa

tgcaacaggne tggectatga actggaaggy casggagtta

agaastag

taacctggat
cacageaass
aagzatcate
cegtgtggty
gocchgeata
aaagaggasy
goatecoeat
getgtacgac
caatocgasy
gtegtgegac
ggacgtgoog
caagacoeac
goaccaggga
gocgtotogg
gttoogttte
COCCagocay
cEgeggegoe
gaccecbgag
actcatcgat
catattbttyg
gogggoaget
getggaaata
catgetygygg

gotegacgae

gtgcoogaag
asagaattag
atgocagoag
cgtgectgag
cactgeactg
aacaccacey
¢ttectacca
gacatookbyge
cogataaaco
gaaacaaaat
ctgeeaacad
gagtcaccegt
atagacggtt
gaggttgage
taccategac
tacaccaaca
ctetttetta
aacgaggttt
atcactgaca
cagtgttcag
ctgegagaag
cgaaaaagat
ctteogagga

gagaacatca

27

cctogtogea
goagagagat
gatoggacgg
acagatgteg
tctacageta
ctaatgoagy
acagectgga
ategactact
ccatgaageh
cetagagoas
tgnccagogt
cggaacgte
cegtacgagte
tgaggctgat
cegocttoat
agoagoageyg
agagtgatga
ttgaggacgs
ceagagacac
ccaggbbgto
gtcotacacag
tgttotggac
cgatcagaga

cggtggacgy

aagutcatta
attaatgang
gtagtoggge
aaagctgaaa
cgagtgeace
gtctoecateg
gytgatggey
gecagacate
gotoanggat
gacoatoges
gocgaageat
goacttetge
cagoatgggc
caccaagact
tgaggatctg
ghttotgeog
geagacaaad
aggatacagy
gtacggeatc
gacatgotat
aaagotogac
tatotacaag
ggatgactte

stategette

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

2520
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gaaaaacagy
tteoatcatga
ggocegtagee
gactgyatga
ctgazagosa
cattbhoatoe
aaatgecateg
gaggacatga
ttittotong
ggaaattitg
ttggacattc
ctgtttgagg
toteacttae
gatcaaatgy
cectttaacg
aatttoatty
gaggacgtoc
ggtcctatgy
aattcaaate
caagagoeogy
tetacegtet
caaggoecas
cocteccaaaty
<210> 13

<21i> B0
<212> DNA

gegaccgant
agaagatogt
cegaattgat
atagtottoc
asagacttet
actatcttio
agaaggccaa
toaadaagaa
tegratgaek
ataoogagta
tyaaggacag
agcetaaacoy
ttacgecaca
ctattacact
gctactoaaa
atggtgtgta
cgtogteaat
accaactgga
aacagtogac
asaacgagoc
cooaatecoa
cazaacgtta

attttaacca

<213» Artificial

<220>

EF 2 663 375 A1

gtegageteg
cacaaaacta
gacccacgat
totagagoty
teatatoteo
gtoggaccae
gaattgtatt
natgttgagt
gogtetactat
categraate
cagaatggec
caaaactgee
agttggaaag
gecaccgnag
aatggaasat
cacecggeatt
atetoctaea
catgaagatt
agataatact
teanaatgga
acaaaacage
ogattitygag

gaaatcataa

«223> Malti cloning gite

<4Qf> 13

ggrattgeca
taccccatea
attgtatace
aagectggty
tatctgeacg
gtgaatagge
aacgtggeea
gggtettatt
ghtoatthtg
aagaaggacy
gogogaagaa
aatgooagea
tetcaatteg
aatatgagas
toagagateca
aaccttaato
gateagaatt
ttoggacget
coggagoocy
accatotteg
zaaggtttta

gacatgttet

angeacatac
aagcacgaas
aactggaaat
trgaacatte
tgaagattat
cgaagtoateo
gaattgtggt
ggttttegat
cacogoocyt
cagaaagegy
catacaacat
teagocacga
agogtgataa
cocongagha
acaacatecgt
ttocttogaa
coaaatacaa
ttetgecteo
agccttacoe
gatcaattee
caggactged

ataatgacty

aagottgogy cogoggateo actagbcaat tgagatobte tagagastte

<210> 14
<211> 33
<212> DNA

<213> Artificial

gagactgate
gatagazaac
cgacttacag
aagooagtac
cttatacagyg
taatgatate
gaaactggea
atacacgatt
cacgtetage
aaagagaqgtt
tctcaatgeg
acegoalac
Qeacaazaaa
ocghtgeaacayg
taatggtgtyg
cteggaaghy
gtatgttoct
ttatatgete
agagcaghtat
ttegggacty
gecogactac

gagtgeagge

Case No.: IPR2023-00322
U.S. Patent No. 10,273,492
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<220>

<223» Primexrl

<400>

tasagotiga gtooctgaght acgtaagegy ttigg

14

<2if> 15
<231> 33
<212» DNA

<213> Arxtificial

<220>

<223» Primer2

<440>

ataagottat tatttaggaa ttattegaga too

15

<216> 16
<21i1> 39
<212> DRA

<213> Artificial

<220>

<233> Primer3

<§00>

aatggatect cgacgoggag aacgatotoe

<Z10>
<211>

16

17
31

«212> DNA
<2313> Artificial

<320>

<223> Primerd

<400>

attggatoet tightttitgt sctitagatt g

17

<210> 18
<21i>» 31
<212> DRA

<213> Artificial

<Z20>

«223> Primexd

<4080
ttagaat

<210>
<Z21i>
<Gi2>
<213>

<220>
<423>

18

tca acatccaaag acgasaggtt g

18

35

DNA
Artificial

Primesé

EF 2 663 375 A1

Case No.: IPR2023-00322
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<404>

EF 2 663 375 A1

18

aatgaattct tcgasatazatt agttgtttbtt tgatc

<21f>
<2ilx>
<212>
<213>

<228>
<223>

<400>

20

30

DNA
Artifigial

Primer?

20

aatcaattgt cgacgeggag aacgatctac

<210>
<211>
<212>
<213>

<220>
<223>

<400

21

31

DNA
Artificial

Priners

21

attoaatigl tbtgttitttgt actttagatt g

<210>
<3il>
212>
<213>

<240>
<223>

<408>

22

31

DNA
Artificial

frimer?

22

aatggateca acatccaaag acgaaaggtt g

<21i(>
<2il>
<2i2>»
<213>

<220>
<223>

<400>

23

35

DA
Axtificial

Primerld

23

attggatect togaastzatt aghttgtittt tgate

<210>
<2il>
<212>
<213>

<220>
<223>

<400

24

37

DNA
Argificgigl

Primerli

24

taatetagag gagacgtgga aggacatace getttig

3¢

Case No.: IPR2023-00322
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<210>
<211>
<212>»
<213>

<220
<223>

<400

EF 2 663 375 A1

25

26

DNA
Artificial

Primerll

25

gatoctctag acagtoogga agegac

<210>
<211>
<212>»
<213>

<220>
<223>

<480

26

32

DNA
Artificial

Primerl3

26

tecactagta tgagatttee ttoaattttt ac

<210
<21i>
<213>
<213

<220>
223>

<440>

27

24

DNA
Artificial

Primerld

27

toetttteotog agagatacce ctte

<210
<211>
<212>
<213»

<220>
<223»

<440>

28

33

DNA
Artificial

Primerld

28

ggtatotets gagaasagag acatccagat gacccagte

<210»
<Z1i>
«212>
<213

<220>
<2d3>

<400>

29

32

DNA
Artifigigl

Primerls

29

tocactagtt taacactete cockgttgaa ge

<2il>

30

31

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

26

[¥5]
fn

24

£t
5+

Motif Exhibit 1039, Page 1245 of 1288



kir)

15

48
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«2il> 32
«212> DRA
<213> Artificial

<220>
<223> Primerl7

<400> 30
tesagateta tgagatttoe ttoaattttt ac

<210> 31

<Zil> 39

<#12> DNA

<213> Artificial

<220
<223> Primerl§

<400> 31
ggtatoteta gagaasagag aggtgoaget ggbgoagte

<210» 32

<21i1> 27

<212> DNA

<213> Artificial

<220>
<223» Primerld

<4060> 32
ttgagatett taacaagatt tgggote

<210> 33

<211» 28

«<212> DNA

<213> Artificial

<220>
<223> Primer2(

<400> 33
ttagaattct acagagotti atatcacc

<210> 34

<2il> 28

<212» DMA

«213> Artificial

220>
«223> Primerll

<a00> 34
aatgaattct gtttotatat tatotitg

<210> 38

<«211> 29

«<212> DNA

<213» Artificial

32

Case No.: IPR2023-00322
U.S. Patent No. 10,273,492
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<220>
<323>

<400>

EF 2 663 375 A1

Primer22

35

aatgaattoe ccgotcagaa gaactogto

<210>
<211>
<212»
<213>

<220>
<223>

<400>

36

28

DNA
Artificial

Primer23

36

ttaggateca tgtecatttce cagagacg

<210»
<211>
<312>
<213

<22Q>
<223>

<400

37

28

DNA
Artifigial

Primerid

37

ttaggatcct cagcactege ghttecag

<210>
<21l>
<212>
<213>

<400>

38
684
PRT
Pichia angusta

38

Met Ser Ile Ser Arg Asp Asp asp

1

Ser Gly Lys Pro Lys Lys Gin Thr

20

Thr Gly Cys¢ Leu Thr Cys Arg Arg

35 40

Arg Pro Lys Cys Asp Phe Cys Thr

50

55

Pro Glu Glu Val Lys Lys Asn Val

€5

70

Phe Cys Phe Ser Gln Ser Lys His

85

His

Bro

25

Lys

Ala

Phe

Pro

10

Pro

His

Lys

Val

Asp
90

33

Arg

Ala

Lys

Gly

Asn

75

Arg

Pro

Lys

Lys

Leu

60

Asn

Phe

Lys

Arg

Cys

45

Glu

Sex

Arg

Arg Ala Arg
Arg Val Arg
Agp Glu Asn
Cys Val Trp
Phe Lys Asp
a0

Lys Pro Thr

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

Pro

Rsp

Leu

145

Sar

Leu

Thr

Lys
225

Lys

Ser

Ser

Met

305

Glu

Pha

Asp

Hig

130

Asp

Pro

Thr

e

Lys

210

Lys

Lys

Asp

Lys

Thr

234

Glu

Thr

Phe

RAsp

Asp

115

Tyr

Ala

Leu

Arg

Gln

i85

Iile

Asp

Ser

Leu

Leu

275

Met

Thr

Gln

Pro

Leu
100
Pro
Leu
Pro
Ser
Thr
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<210> 51

<21i» 30

«212> DNA

<213> Artifigial

<220>

<223> Primer33

<400> 51

ttageggecy ctacagaget ttatatcace 30

<21Q> 82

<2311> 31

<@l2> DNA

<213> Arxtifiecial

«<220>

<223> Primer34

<400> 52

ttacggeegt tattcottcaa cattccagta g 31
Claims

1. Ayeast for ransformation, wherein the capacity for target protein production is improved by high-level expression
of an MPP1 homalog.

2. The yeast for transformation accaording to claim 1, wherein the MPP1 homolog is any of the pelypeptides {a), (b},
and {¢) below:

{a} a palypeptide consisting of the amine acid saquence as shown in SEQ 1D NG 38;

{9} a polypeptide consisting of an amine acid saquence derived from the amino acid seguence as shown in
SEQ D NG: 38 by substitution, deletion, insertion, andfor addition of one or a glurality of amino acids;

{c) a polypeplide consisting of an amino acid sequence having 8§5% or higher sequence identity with the amino
acid sequence as shown in SEQ 1D NO: 38;

or ary of the polypeptides (3, (e} and ) balow:

{d) a polypeptide consisting of the amino acid sequence as shown in SEQ ID NO: 41,

{2} a polypaplide consisting of an amine acid seguence derived from the aming acld sequence as shown in
SEQ D NO: 41 by substitution, deletion, inssrtion, andfor addition of ona or g plurality of amino acids: or

i} a polypeptide consisting of an amino acid sequence having 85% or higher sequence ideatity with the amine
acid sequence as shown in SEQ 1D NO: 41,

3. The yeast for fransformation according to daim 1, whergin the MPP1 homolog is is gartially composed of any of the
palypeptides {g), {h) and {i} below:

(g} a polypeptide consisting of the amino acid sequence as shown in SEQ 1D NO: 49;

{h) 2 polypeptide consisting of ar aming acid sequence derived from the aming add sequence as shown in
SEQ D NO: 49 by substitution, dedelion, insertion, andfor addition of one or a plurality of amino acids;

{1} a polypeptide consisiing of an amine acid sequence having 85% or higher seguence identity with the amino
acid seguence as shown in SEQ 10 NO: 48;

or any of the polypeptides {j}, (k). ard {1} below:

{i} a polypeptide consisting of the amino acid seguence as shown in SEQ 103 NO: 50;

{X) a polypepiide consisling of an aminoc acid sequence derived from the amino acid sequence as shown in
SEQ 1D NO: 50 by substitution, deletion, insertion, andior addition of ohe or a plurality of amino acids; or

{{} a polypeplide consisting of an amino acid sequence having §5% or higher sequerice identity with the amino
aciki seguence as shown in SEC D NO: 56.
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The yeas! for transformation according to any of claims 1 to 3, wherein the transcription faclors are expressed st
high ievels.

Tha yeast for transformation according to claim 4, wherein the franscription factor acts additively or svnergistically
witti the MPP1 homolog.

The yeast for transformation according to clain 4 or 5, wherein the tmanscription factor s any of the polypeplides
{m), (n), and (0} balow:

{m} a polypeptice cansisting of tha amino acld sequence as shown in SEQ 1 NO: 48;

{n} a polypeptide consisting of an amine acid seguence dervad from the aming acld seguence as shawn in
SEQ D NG: 46 by substitution, deletion, insertion, andfar addition of one or a plurality of amino acids; and
{a} a polypeptide consisting of an amino acld seguence having 85% ar higher sequence identity with the amine
acid sequenns as shown in SEQ 1D NG: 48,

The veast for ransformation according ta any of claims 1 o 6, wherein the geneg congisting of any of the nuclestide
seguencas (p), {4). {r, and {s) is expressed at high {avels:

{p) a nuclectide sequence encading the MPP 1 homolog;

{q) the nuciectide segquence as shown in SEQ 1D NO: 10 or 14;

{r} & hucleotide sequence hybridizing under stringant conditions to g nuclectids sequence complamentary to
the nucisatide sequence as shown in SEQ 1D NQ: 10 or 11; and

{s) a nuclentide sequence having 85% or higher sequence identity with the nuclectide sequencs as shown in
SEQ D NG 10or 11,

The yeast for transformation according fo claim 7, wherein the gene consisting of any of the nuglectide ssquences
{t), (L), {v), and {w) below is exgressed at high levels:

{1} & nuclectide sequence encoding a transcription factor;

{u) a nuclectide sequence as shown in SEQ D NO: 12;

{¥) & nucleotide seguenca hybridizing under stringent conditions 1o a nucleotide sequence complementary to
the nuplsatide sequence as shown in SEQ 1D NO: 12; and

{w} a nucleotide sequence having 85% or higher sequence identily with the nuclectide sequernce as shown in
SEQ D NG: 12,

Tha yeast for transformation accarding to any of claims 1 1o 8, wherein the expression lsvel of the targel grotein is
cantralind by a promoter that is activaled by the MPP 1 homolog.

The yeasi far transiormation according to claim 9, wherein the promoter is a methanokinducible promoter.

The yeast for transformation according to claim 16, whersin the methanob-inducible gromoter is asleciad from the
group consisting of the AMO promoter, the AOX1T promoter, the AOX2 promoter, the CAT promaoter, the DAK
pramater, the DAQ promaoter, the DHAS promotsr, the FAQ promater, the FOH promoter, the FGH promoter, the
FMD promoter, the GAP promoter, the MOX promoter, the MPP1 promoter, the Mut3 promoter, the Mxr1 promioter,
the PERSE promater, the PER10 pramoter, the Pex3 promoter, the Pex5 pramaoter, the Pex8 promaoter, the Pex10
pramaoter, the PHOH promoter, the Prmt promoter, the SNF1 promoter, the Swilp promoter, the Trint promoter, the
Trm2 pramater, the YNAT promoter, and the YNAZ2 pramater.

The yeasi for transformation according 1o claim 10, wherein the methanokinducible promoter is selected from the
group consisting of the ADX promoter, the DHAS promater, the FMI promoter, and the YNARZ promater.

The yeast for transformation according to any of claims 1 to 12, which is a transformant of the methanol-assimitating
yeast.

The yaast for transformation aceording to olaim 13, wherein the methanoi-assimilating veast ks ssiected from the
group consisting of a yeast of the genus Fichia, a yeast of the genus Candida, and a veast of the genus Torulopsis.

Tha yeast for iransformation according o ciaim 14, wherein the yeast of the genus Pichis is selected from the group

a1
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consisting of Pichia angusta, Pichia pasior’s, Pichia methanolica, and Pichia minuta.

A method for producing a target protein, characterized by comprising using the yeast for fransformation according
to any of claims 1t 15.

The methad for producing a target protein according to claim 18, whersin the yeast for fransformation according to
any of claims 1to 15 s cullured.

The mathod for produsing a targat protein aceording to elaim 17, wherein culture is conducled using ghicose, andior
glyeerol, andfor methano! as & carbon source.

The method for producing a {arget protein according fo claim 17, wherein culture is conducted using glucose, of
givceral, or methanol as a carbon sowee,

A target protein praduced by the method according to any of claims 16 to 18,

48
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due with this reply. Please apply any charges, or credits, to Deposit Account No. 06-1050,
referencing the above-indicated Attorney Docket Number.

Respectfully submitted,

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

M. Angela Parsons, Ph.D.
Reg. No. 44,282

Customer Number 26191
Fish & Richardson P.C.
Telephone: (612) 335-5070
Facsimile: (877) 769-7945

61880131.doc
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Case No.: IPR2023-00322
U.S. Patent No. 10,273,492

PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web

By mail, send to: Mail Stop ISSUE FEE
Commissioner for Patents
P.O.Box 1450
Alexandria, Virginia 22314-1450

By fax, send to: (571) 273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

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

26191 7590 12/26/2018
FISH & RICHARDSON P.C.
P.0. BOX 1022

MINNEAPOLIS, MN 55440-1022

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.
Certificate of Mailing or Transmission

I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.

(Typed or printed name)

(Signature)
(Date)
‘ APPLICATION NO. ’ FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. ‘ CONFIRMATION NO. ‘
15/678,342 08/16/2017 Smita Shankar 38767-0048002 1018

TITLE OF INVENTION: EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING METHYLOTROPHIC YEAST

‘ APPLN. TYPE ‘ ENTITY STATUS ‘ ISSUE FEE DUE ‘ PUBLICATION FEE DUE ‘ PREV. PAID ISSUE FEE ‘ TOTAL FEE(S) DUE ‘ DATE DUE ‘
nonprovisional LARGE $1000 $0 $1000 03/26/2019
‘ EXAMINER | ART UNIT | CLASS-SUBCLASS |
LEITH, NANCY J. 1636 435-254230
1. Change of correspondence address or indication of "Fee 2. For printing on the patent front page, list

Address" (37 CFR 1.363).

(1) The names of up to 3 registered patent attorneys

[1 Change of correspondence address (or Change of or agents OR, alternatively, 1 Fish & Richardson P.C.

Correspondence Address form PTO/SB/122) attached.

(2) The name of a single firm (having as a member

[1 "Fee Address” indication (or "Fee Address" Indication aregistered attorney or agent) and the names of 2
form PTO/SB/47; Rev 03-09 or more recent) up to 2 registered patent attorneys or agents. If
attached. Use of a Customer Number is required. no name is listed, no name will be printed. 3

W

. 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)
Impossible Foods Inc. Redwood City, CA

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

4a. Fees Submitted: [X] Issue Fee [ ]Publication Fee (if required)
4b. Method of Payment (Please first reapply any previously paid fee shown above):

[ 1Advance Order - # of Copies

[X] Electronic Payment via EFS-Web [ 1Enclosed check [ ] Non-electronic payment by credit card (Attach form PTO-2038)
[X] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment, to Deposit Account No. 06-1050

5. Change of Entity Status (from status indicated above)

[ ] Applicant certifying micro entity status. See 37 CFR 1.29 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.

[ ] Applicant asserting small entity status. See 37 CFR 1.27. NOTE: If the application was previously under micro entity status, checking this box will be taken as
a notification of loss of entitlement to micro entity status.
[ 1 Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken as a notification of loss of entitlement to small or micro entity

status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature /M. Angela Parsons/

Typed or printed name M. Angela Parsons, Ph.D.

Date /March 26, 2019/

Registration No. 44,282

PTOL-85 Part B (08-18). Approved for use through 1/31/2020 OMB 0651-0033

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

61880135.doc
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Case No.: IPR2023-00322
U.S. Patent No. 10,273,492

Electronic Acknowledgement Receipt
EFS ID: 35536523
Application Number: 15678342
International Application Number:
Confirmation Number: 1018
Title of Invention: EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING
METHYLOTROPHIC YEAST
First Named Inventor/Applicant Name: Smita Shankar
Customer Number: 26191
Filer: M. Angela Parsons/Judith Witzel
Filer Authorized By: M. Angela Parsons
Attorney Docket Number: 38767-0048002
Receipt Date: 26-MAR-2019
Filing Date: 16-AUG-2017
Time Stamp: 17:52:20

Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment no
File Listing:

71439
1 Post AIIowaT:CeofnoiTgmunication - Response.pdf no 1
et S8 dacdivess 20l

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

Information:

160912
2 Issue Fee Payment (PTO-85B) PartB.pdf no 1
b2d2d233d342140284a2ae9c0e6c131d7d
b1418f
Warnings:
Information:
Total Files Size (in bytes){ 232351

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 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. |

15/678,342 08/16/2017 Smita Shankar 38767-0048002 1018
26191 7590 04/03/2019 | X ANINER |
FISH & RICHARDSON P.C. (TC)
PO BOX 1022 LEITH, NANCY J
MINNEAPOLIS, MN 55440-1022

| ART UNIT | PAPER NUMBER |

1636
| NOTIFICATION DATE | DELIVERY MODE |
04/03/2019 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)

Motif Exhibit 1039, Page 1276 of 1288



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

Application No. Applicant(s)
B . 15/678,342 Shankar et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
NANCY J. LEITH 1636 Yes

-- 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 the Information Disclosure Statement filed March 26, 2019.

[J 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 1-14 . 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. [ Certified copies of the priority documents have been received.
2. [J Certified 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 areply 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. 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)

1.0 Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.[¥) Information Disclosure Statements (PTO/SB/08), 6. (J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 20190326.

3.0 Examiner's Comment Regarding Requirement for Deposit 7. [J Other .

of Biological Material
4.3 Interview Summary (PTO-413),
Paper No./Mail Date.
/NANCY J LEITH/
Primary Examiner, Art Unit 1636

U.S. Patent and Trademark Office :
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20190401
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U.S. Patent No. 10,273,492

Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | 5578 342 Shankar et al.
H “ mm Examiner Art Unit
NANCY J. LEITH 1636
CPC
Symbol Type Version
C12N F 2013-01-01
CO7K | 2013-01-01
C12N I 20130101
CO07K | 2013-01-01
CO7K | 2013-01-01
C12N I 2013-01-01
C12N | 2013:01-01
CPC Combination Sets
Symbol Type Set Ranking Version

NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 14
/INANCY J LEITH/ 01 April 2019 . . -
Primary Examiner, Art Unit 1636 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 NONE
U.S. Patent and Trademark Office Part of Paper No.: 20190401

Page 1 of 3 . o
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Case No.: IPR2023-00322
U.S. Patent No. 10,273,492

Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | 5578 342 Shankar et al.
H “ mm Examiner Art Unit
NANCY J. LEITH 1636

INTERNATIONAL CLASSIFICATION
CLAIMED
C12N
NON-CLAIMED

US ORIGINAL CLASSIFICATION

CLASS SUBCLASS

CROSS REFERENCES(S)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)

NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 14
/NANCY J LEITH/ 01 April 2019 . . -
Primary Examiner, Art Unit 1636 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 NONE
U.S. Patent and Trademark Office

Part of Paper No.: 20190401

Page 2 of 3 . o
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Case No.: IPR2023-00322
U.S. Patent No. 10,273,492

Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

15/678,342 Shankar et al.
Examiner Art Unit
NANCY J. LEITH 1636

Claims renumbered in the same order as presented by applicant

(J CPA T.D. [0 R.1.47

CLAIMS

Final |Original|Final OriginallFinaI Original|Final |Original

Final |Original|Final |Original]Final |Original]Final |Original

NONE

(Assistant Examiner)

(Date) 14

Total Claims Allowed:

/NANCY J LEITH/
Primary Examiner, Art Unit 1636

(Primary Examiner)

01 April 2019

(Date) 1 NONE

O.G. Print Claim(s) | O.G. Print Figure

U.S. Patent and Trademark Office

Page 3 of 3

Part of Paper No.: 20190401
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Case No.: IPR2023-00322
U.S. Patent No. 10,273,492

Receipt date: 03/26/2019 15/678,342 ~ GAU: 1836
Sheet _1 of _1
Substitute Disclosure Form U.S. Department of Commerce | Attorney Docket No. Application No.
Patent and Trademark Office | 38767-0048002 15/678.342
Information Disclosure Statement Applicant
by Applicant Impossible Foods Inc.

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

(37 CFR §1.98(b)) August 16, 2017 1636

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
/N.J.L/ 1. EP 2669375 12/4/2013 EP

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

Examiner | Desig.
Initial ID Document
/N.T.L/ ) Mitrophanov, A. Y., and Groisman, E. A. “Positive feedback cellular control systems.”
) BIOESSAYS, Vol. 30, No. 6, Pages 542-555, 2008
/9.3 L/ 3 Mitrophanov et al., “Positive autoregulation shapes response timing and intensity in two component
) signal transduction systems.” J MOL BIOL, Vol. 401, No. 4, Pages 671-680, 2010

Examiner Signature Date Considered
/NANCY J LEITH/ 04/01/2019

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
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U.S. Patent No. 10,273,492

UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.0. Box 1450

Alexandria, Virginia 22313-1450

Www.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
15/678,342 04/30/2019 10273492 38767-0048002 1018
26191 7590 04/10/2019
FISH & RICHARDSON P.C. (TC)
PO BOX 1022

MINNEAPOLIS, MN 55440-1022

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http:/pair.uspto.gov for additional applicants):

Smita Shankar, Millbrae, CA;
Impossible Foods Inc., Redwood City, CA;
Martin Andrew Hoyt, San Francisco, CA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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Attorney's Docket No.: 38767-0048002

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor :  Smita Shankar ArtUnit : 1636

Patent No. . 10,273,492 Examiner : Nancy J. Leith
Issue Date : April 30, 2019 Conf No. : 1018

Serial No. o 15/678,342

Filed August 16, 2017

Title : EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY

ENGINEERING METHYLOTROPHIC YEAST

Attention Certificate of Corrections Branch
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

REQUEST FOR CERTIFICATE OF CORRECTION

Please issue a certificate of correction in accordance with the attached form.

One or more of the errors to be corrected were made by applicant. The fee of $160 is
being paid with this request.

Apply any other necessary charges or credits to Deposit Account 06-1050, referencing
the above attorney docket number.

Respectfully submitted,

Date: May 18, 2022 /Lisa D. Fazzino/

Lisa D. Fazzino, Reg. No. 80,542
Customer Number 26191
Fish & Richardson P.C.

Telephone: +1 (612) 766-2032
Facsimile: (877) 769-7945

100663019.doc
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PTO/SB/44 (09-07)

Approved for use through 08/31/2013. OMB 0651-0033

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.
(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page 1 of 1

PATENT NO. © 10,273,492
APPLICATIONNO.:  15/678,342
ISSUE DATE © April 30, 2019

INVENTOR(S) *  Smita Shankar and Martin Andrew Hoyt

It is certified that an error appears or errors appear in the above-identified patent and that said Letters Patent
is hereby corrected as shown below:

On the cover page
On line 12 of “OTHER PUBLICATIONS”, please delete “Chimvolu” and insert - - Chiruvolu - -, therefor.

In the claims

Claim 4: In column 77, line 65, please delete “porphogilinogen” and insert - - porphobilinogen - -, therefor.

MAILING ADDRESS OF SENDER (Please do not use customer number below):
Fish & Richardson P.C.

P.O. Box 1022

Minneapolis, MN 55440-1022

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. 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 1.0 hour to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Attention Certificate of Corrections Branch, 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 selection option2.
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Electronic Patent Application Fee Transmittal
Application Number: 15678342
Filing Date: 16-Aug-2017
Title of Invention: EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING
METHYLOTROPHIC YEAST
First Named Inventor/Applicant Name: Smita Shankar
Filer: Lisa Fazzino/Emily Palmer
Attorney Docket Number: 38767-0048002
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:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

CERTIFICATE OF CORRECTION 1811 1 160 160
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Description Fee Code Quantity Amount SulLJ’-s'I'g(t;)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 160
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Case No.: IPR2023-00322
U.S. Patent No. 10,273,492

Electronic Acknowledgement Receipt

EFS ID: 45743264
Application Number: 15678342
International Application Number:
Confirmation Number: 1018
Title of Invention: EXPRESSION CONSTRUCTS AND METHODS OF GENETICALLY ENGINEERING
‘ METHYLOTROPHIC YEAST
First Named Inventor/Applicant Name: Smita Shankar
Customer Number: 26191
Filer: Lisa Fazzino/Emily Palmer
Filer Authorized By: Lisa Fazzino
Attorney Docket Number: 38767-0048002
Receipt Date: 18-MAY-2022
Filing Date: 16-AUG-2017
Time Stamp: 12:25:46

Application Type: Utility under 35 USC 111(a)
Payment information:
Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $160
RAM confirmation Number E20225HC26053240
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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U.S. Patent No. 10,273,492

File Listing:

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

128281

1 Request for Certificate of Correction ReqCOC.pdf no 2

d660032fch857d8a2554b0c5c4b9f4b29%e3

Warnings:

Information:

37926

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

164b3a3d19eb556e2fadbb5d04 1a6f03cec|
c7fbe

Warnings:

Information:

Total Files Size (in bytes){ 166207

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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