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SUPPLEMENTED SERUM-FREE MEDIA INCLUDING UNHYDROLYZED PLANT
PROTEIN FOR CULTURED MEAT PRODUCTION
CROSS-REFERENCE TO RELATED APPLICATIONS
HU This application claims priority to US. Provisional Application No. 63/344,522
filed on May 20, 2022, and is related to commonly-owned PCT patent application entitled
Cultured Meat Production With Supplemented Serum-Free Media Including Unhydrolyzed Plant

Protein, filed simultaneously herewith, the contents of which are incorporated by reference in their

entirety.
STATEMENT REGARDING FEDERALLY FUNDED RESEARCH
[6602] This invention was made with government support under P41EB002520 awarded

by National institutes of Health and 2021-69012-35978 by the U.S. Department of Agriculture.

The government has certain rights in the invention.

BACKGROUND
[0603] Cell-cultured meat is an emerging techuology which offers both promising
possibilities and significant scientific challenges. The promise of cultured meat ties in its potential
to address environmental, ethical, and buman health issues that plague intensive animal
agriculture. For instance, limited life-cycle analyses suggest that cultured meat could require >90%
less land and >75% less water than conventional beef, while contributing >75% fewer greenhouse
gas emissions, >95% less eutrophication, and >90% less particulate matter formation. At the same
time, cultured meat could improve animal welfare, food-system resilience, and human health
outcomes. The challenges that face the successful technological transition of cultured meat to the
marketplace stem from the need for produstion systems that are low-cost, scalable, food-safe, and
free of animal-derived inputs. Here, cell culture media is a particularly problematic hurdle for
several reasons. First, media comprises the majority (>99%} of the cost of current production
systems. Second, the culture of meat-relevant cells, such as bovine satellite cells (BSCs), has
traditionally relied on fetal bovine serum (FBS), a notoriously expensive, unsustainable, and
mconsistent component, which is inherently antithetical to the aims of cultured meat. Finally, when
serum-free media for satellite cells have been explored, they are either complex, ineffective
compared to serum-containing media, reliant on proprietary or animal-derived additives, contain

components (e.g., synthetic steroids) that could raise regulatory councerns, or contain overly-
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expensive components which are incompatible with economic cultured meat production. As such,
despite the substantial body of work that has gone into the exploration of satellite cell culture
systems, a low-cost, food-safe, and fully animal-derived component-free medium capable of
sustained expansion of satellite cells remains a cracial limitation for the field.

[6004] Recently, the wnventors and colleagues addressed some of these challenges by
developing a new culture media, termed "Beefy-9", which includes a recombinant form of
albumin, as described in International Patent Application No. PCT/US2021/062668, which is
incorporated herein in its entirety by reference. While that culture media provided good results,
the recombinant form of albumin itself is quite expensive, so the composition remains at least
somewhat cost prohibitive,

[6085] As a result, a need exists for new culture media that are capable of achieving
performance that rivals existing culture media, but with the use of ingredients that are significantly

less expensive than recombinant albumin.

SUMMARY

[6086] In some aspects, the present disclosure provides a serum-free cell culture media for
expansion of cells, the media comprising a basal culture media, a plant protein composition
comprising a majority of plant proteins that are 3 kDa or greater in size at a final concentration of
0.05 g/L 10 1 g/l in the serum-free cell culture media. The serum-free cell culture media is free or
substantially free of albumin. The plant protein composition in the serum-free cell culture media
was not treated with a hydrolytic enzyme or other hydrolytic process, and/or at least about 70% of
the plant proteins are 10 kiDa or greater in size.

[8687] In some aspects, the plant protein composition is from a plant selected from the
group consisting of oilseed crops, non-oilseed oil crops, legumes, pulses, and combinations
thereof, and 1n some aspects, the plant protein coroposition is preferably from and/or includes an
oilseed crop. The plant protein composition may be from rapeseed, soybean, sunflower seed,
sesame seed, flax seed, camelina, safflower, linseed, grapesced, pumpkin seed, poppyseed,
watermelon seed, and combinations thereof In some aspects, the plant protein composition
comprises protein prepared from rapeseed. The plant protein composition may also include
proteins from a nov-oilseed oil crop. The plant protein composition may include proteins from
palm kernel, coconut, olive, corn, hemp, almond, cashew, pea, chickpea, fava bean, lentil, fupin,

Hima bean, mung bean, navy bean, Bambara bean, mesquite bean, mucuna bean, pigeon pea, potato
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bean, vam bean, and combinations thereof. In some aspects, the plant protein composition is
present in the serum-free cell culture media at a concentration of at least 50 mg/L, at least 100
mg/L., at least 200 mg/L., at least 250 mg/L., at least 500 mg/L., at feast 750 mg/L, at least 1 g/1,
and at most 50 g/L, at most 25 g/L., at most 15 o/L, at most 10 ¢/l at most 5 ¢/L, at most 2 ¢/L., at
most 1.5 g/1, or at most 1 g/L.. In some aspects, the plant protein composition is present in the
serum-free cell culture media at a preferable concentration of about 200 mg/L to about 400 mg/L.
[6008] in some aspects, the serum-free cell culture media comprises a basal culture media.
Basal media may contain ingredients essential for cell survival and growth including amino acids,
sugar(s) such as glucose, vitamins, minerals, buffers and ions (calcium, magnesium, potassium,
sodium, and phosphate, for instance). The serum-free cell culture media may be the B8 media used
and defined in the examples. In some aspects, the serum-free cell culture media comprises a basal
culture media that is selected from the group comprising Dulbecco's Modified Fagle Medium
(DMEM), Ham's F12 media, Roswell Park Memorial Institute (RPMI) 1640 media, Leibovitz's
L15 and a mixture thereof. The wedia may further comprise recombinant proteins important for
sustaining the growth of the cells or other additives to support growth of the cells. The serum-free
cell colture media may contain no animal-derived components. The serum-free cell culture media
may include recombinantly derived animal proteins. In some aspects, the serum-free cell culture
media is food-grade.

HHEY in some aspects, the present disclosure provides methods of making a serum-free
cell culture media. The method comprises adding a plant protein composition at a final
concentration of 0.05 g/l to 1 g/l in the serum-free cell culture media to a basal culture media to
produce the serum-free celi culture media. The plant protein composition and the basal culture
media used 1n the method may be any of those described here. The plant protein composition used
in the serum-free cell culture media may be prepared using methods of plant protein preparation.
Briefly, a ground plant starting material, which may be a defatted or partially defatted plant
maierial may be solubulized in an aqueous solution comprising water,

[8010] {n some aspects, the present disclosure provides methods of expanding the numbers
of or differentiating cells. The method comprises adding cells to the serum-free cell culture media
disclosed herein, incubating the cells in the serum-free cell culture media to allow expansion of
the number of or differentiation of cells and production of growth media, and harvesting the cells

and/or growth media. The method may further comprise, prior to adding the cells, either: 1} coating
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a cell culture subsirate or the cells with a cell adhesive peptide; or it} adhering the cells to the cell
culture substrate in the basal culture media and/or a different basal culture media that s lacking
the plant protein composition. The method may further comprise both the coating of step i} and
the adhering of step ii}). The cells may be genetically engineered cells. In some aspects, the celis
expand more when incubated in the serum-~free cell culture media than control cells incubated in
the basal culture media without the plant protein composition. The cells may expand at least 50%
more when incubated in the serum-free cell culture media than conirol cells incubated in the basal
culture media without the plant protein composition. The cells may expand in the serum-free cell
culture media provided herein comparably to cells grown in media comprising recombinant
albumin. The methods may further comprise using the harvested cells in a cultured food product.
The method may further comprise using the growth media to produce a food or pharmaceutical
product. The cells for use in the methods are selected from muscle satellite cells, fibroblasts,
adipogenic precursor cells, mesenchymal stem cells, embryonic stem cells, induced pluripotent
stem cells or combinations thereof. The cells preferably include muscle satellite cells. The muscle
satellite cells may be primary cells or cells that have been immortalized through genetic
modification or spontancous immortalization. The muscle satellite cells way be bovine, galline,
ovine, porcine, equine, muring, caprine, fapine, or piscing. In the examples, the cells are bovine

muscle satellite cells.

BRIVF DESCRIPTION OF THE DRAWINGS

g1y} FIG. 1. Protein isolate generation. (A) The methods used for generating oilseed
protein isolates (OPIs) involved alkali extraction, isoelectric precipitation, centrifugation, and
filtration in order to generate concentrated protein solutions {30 mg/mL}. The resuiting OPls were
clear or reddish-brown in color, and slightly viscous. (B} Comparisons of global annual protein
meal supply and cost, unoptimized protein vields, and OP1 cost based on yields and starting protein
meal cost {excluding processing costs from inputs such as chemicals, energy costs, filters, etc.).
The results showed substantially reduced cost for soybean protein isolate (SPI), rapesced protein
isolate (RP1) and cottonseed protein isolate (TP} compared to Inca peanut protein isolate (IPPI}.
{Cy SDS-PAGE of OPIs next to corresponding ladder for each protein. The results revealed
heterogeneous mixtures of proteins <75 kDa, with larger average protein fractions for SPand CPI
compared with PP{ and RPL

(6612} ¥i6. 2. Short-term growih in OPL-supplemented sernm-free media. (A} Four-

e
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day cell growth in B8 medium supplemented with various OPls compared with B8 supplemented
with 0.8 mg/mL recombinant albumin (Beefy-9). The results showed that SPI RPI, and CPI
significantly improved cell growth compared to no supplementation, but only RP! was able to
recover cell growth comparable to Beefy-9 {1.15 times the growth of Beely-2, no significant
difference). # = 6 distinct samples; statistical significance was calculated by multiple unpaired t-
tests between control (07} and OFI concentration with the most growth, as well as between OGP
concentration with the most growth and Beefy-9. A Bonferront correction was applied (o = 0.025)
to account for multiple comparisons. Statistical significance is indicated for p < 0.01 (¥%), p <
0.001 (*¥%), p < 0.0001 (***¥) (B) Brightfield images of bovine satellite cells (BSCs) on day
three of growth in Beef-R or Beety-9 showed no difference in cell morphology between conditions.
Scale bars are 200 um.

{8013} FIiG. 3. Multi-passage growth in Beefy-R. (A} Four-passage cell growth in
various media. The results showed that Beefy-R improved growth over Beefy-9, though not to the
degree of BSC-GM. » = 3 distinct samples, statistical significance was calculated by two-way
ANOVA and is indicated for the final timepoint with p <0.01 (**). {(B) Doubling time calculations
for cell growth in (A). While growth slowed for all media types over the duration of the
experiment, resulis showed that Beefy-R maintained doubling times <24 h for two passages,
compared with one for Beefy-9 and three for BSC-GM. # = 3 distinct samples; statistical
significance was calculated by two-way ANOVA and is indicated for p <0.05 (%), p < 0.01 (**}.

[6014] FIG. 4. Phenotypic analysis of cells cultured in various media. {A) gPCR of
proliferative cells (Pro.) cultured in various media, and in cells following two days of
differentiation (Diff). In proliferating cells, results showed increased MyoD expression for BSC-
OM and increased Myogenin expression for Beefy-R and Beefy-9. In differentiated cells, results
showed increased MyoD, Myogenin, and MHC expression in Beefy-R and Beefy-9 compared with
BSC-GM. # = 3 distinct saraples; statistical significance was calculated by two-way ANOVA {or
one-way ANOVA for Myogenin Pro. insert) and is indicated for p < 0.05 (*}, p < 0.01 (**), p <
0.001 (***), p < 0.0001 (***¥). (B} Immunostaining of proliferative cells in Beefy-R for nuclei
{DAPL, blue), Pax7 (magenta), and Myol} {green}. The results showed ubiquitous staining for Pax7
and heterogeneous staining for MyoD. Similar staining for Beefy-9 and BSC-GM is given in FIG.
9. Scale hars are 200 um. (C) Pax7 quantification revealed >99% Pax7+ for all three media types

{Beefy-R = 99 98%; Beefy-9 = 99 70%; BSC-GM = 99.34%). »# = 12 {4 images each for 3 distinct
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samples). (B} Immunostaining of differentiated celis from Beefv-R for nuclel (DAPI}, myosin
heavy chain (MHC) (magenta), and actin {(green). Results showed robust formation of MHC-
positive multinucleated myotubes. Similar staining for Beefy-9 and BSC-GM is given in FIG. 11
Scale bars are 200 pm. {(E) Fusion index analysis of differentiated myotubes revealed significanily
enhanced differentiation for Beety-R and Beefy-9 compared with BSC-GM. 7= 13-15 images for
one distinct sample; statistical significance was calculated by two-way ANOVA and is indicated
for p< 0.01 (**).

{0815} FiG. 5. Growth with immorialized BSCs in Beefy-R prepared with multiple
lots of rapeseed protein cakes. {A) Short-term growth screen. Both lots of RPI showed improved
growth compared with B8 {6 mg/mL of RP! supplementation}. Lot #2 showed optimal growth at
0.2 mg/mL., and both lots showed a significant improvement over B8 at this concentration, though
Lot #2 showed significantly reduced growth compared with Lot #1. » = 3 distinct samples,
statistical significance was calculated by multiple unpaired t-tesis between RPis at 0.2 mg/mL, as
well between RPIs of each lot at 8.2 mg/mL and B3 (0 mg/mL) controls. A Bonferroni correction
was applied (g = 0.0253) to account tor multiple comparisons. Statistical significance is indicated
for p <0.025 (*) and p < 0.001 (***). (B} Month-long fomortalized BSC growth in serum-free
media. The results showed that Beefy-R produced with 0.2 mg/mL of RPI from Lot #1 of rapesesd
protein cakes {sourced in 2021) demonstrated improved growth compared with Beefy-R produced
with Lot #2 rapeseed cakes (sourced in 2022). All serum-free media showed continuous growth
over one month for iBSCs. # =3 distinct samples.

[6016] ¥iG, 6, Gene ontology (GO) classification of proteins in OPls, weighted by
Nermalized Spectral Abundance Factor (NSAF). (A) GO terms of proteins classified under
“Biological Process”. The results showed increased prevalence of “biological regulation,”
“cellular process,” and “metabolic process” proteins in SPI and RPI compared with (Pl and
increased concentrations of “developmental process,” “multicellular organismal process,”
“reproduction,” and “reproductive process” proteins in CPL (B} GO terms of proteins classified
under “Cellular Component”. The results showed increased prevalence of “oytoplasm” proteins
for 8P1 and RPI compared with CPJ, increased concentrations of “endoplasmic reticulum” proteins
for SPY, and increased concentrations of “membrane” proteins for CPL {C) GO terms of proteins
classified under “Molecular Function”. The results showed tncreased concentrations of “binding”

and “catalytic activity” proteins for SPl and RPI compared with CPl, and increased concentrations
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of “nutrient reservoir activity” proteins for CPL

{6617} FIG. 7: Comparison of RPI extraction metheds. (A} RPI extracted using various
methods {original described in Materials and Methods, original method plus an overnight
incubation at 4°C after the filtration step, original method plus an overnight incubation at 4°C and
with 120.6 mM NaCl added to the protein solution after the filtration step, original method plus an
initial hexane defatting step for one hour and an overnight tncubation at 4°C before the extraction
protocol. Resulis showed no clear difference in cell growth of trends for the different extraction
methods. (B} Comparing the optimum concentrations of the four extraction methods mentioned
previously {04 or 0.2 mg/mL) revealed no significant difference in cell growth between any
methods. 72 = 6 distinct samples; statistical significance was calculated by one-way ANOVA and
is indicated forp > 0.2 (ns.).

{8018} FiG. &: Shori-term growth of BSCs with other potential albumin alternatives.
{A) Cyclodextrins showed no improvement over cell growth compared with B8, and significantly
reduced growth compared with Beety-9. Analysis performed via Presto Blue metabolic assay on
days 3 and 4 of growth. 7 =3 distinct samples; statistical significance was calculated by one-way
ANOVA for day 4 samples compared with Beefy-9 and is indicated for p < 0.0001 (3%} {(B)
Supplier-provided plant protein hydrolysates showed no improvement over cell growth compared
with BR, and significantly reduced growth compared with Beefy-9. Analysis performed via Presto
Blue metabolic assay on days 3 and 4 of growth. # =3 distinct samples; statistical significance was
calculated by one-way ANOVA for day 4 samples compared with Beefy-9 and 1s indicated for p
< Q.0001 (***%) () Dextran 500 showed no improvement B8, PEG 10k showed wminimal
improvement at high concentrations. Both conditions showed significantly reduced growth
compared with albumin-containing Beefy-9. Analysis performed via FluoReporter dsDINA
quantification after days 3 and 4 of growth. »# = ¢ distinct samples; statistical significance was
calculated by one-way ANOVA for day 4 samples compared with Beefy-9 and is indicated for p
<0.0001 (FHEx),

{0019 FIG. 9; Immunostaining of proliferative BSCs (p3) in various media. Staining
for nuclet (I2APL, blue), Pax7 (magenta), and MyoD (green}. The results showed ubiguitous
staining for Pax7 and heterogeneous staining for MyoD for all media types. Qualitative
comparison showed a higher degree of bright MyoD staining for BSC-GM cells compared with

Beefy-R and Beefy-9, which supports qPCR data seen in Fig. 4. Scale bars are 200 ym.

~}
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[6020] Fi(s. 10: Example Pax7 guantitation. Example image represents one of 12 that
was used for caleulating Pax7-positive percentage in all media types. Top left: DAPT (nuclear)
staining. Bottom left: DAPI staining converted to binary (black and white} and used to define
nuclear regions. Top right: Pax7 staining. Bottom right: Pax7 staining with threshold applied and
DAPI regions applied {yellow circles).

{6021} FiG, 11: Immunestaining of differentiated BSCs (p3) in varicus media, Cells
were differentiated for two days. Staining for nuclet (DAPE blue), Myosin Heavy Chain (MHC;
magenta), and Actin {green}. Results showed robust myotube formation for all media types. Scale
bars are 200 um.

[0622] FIG. 12: Example fusion analysis. Example image represents one of 12 that was
used for caiculating fusion index in all media types. Top left: MHC staining. Bottom left: MHC
statning with threshold applied and used to define region of interest (vellow outling). Top right:
DAPI (nuclear) staining. Bottom right: DAPI staining with region of interest applied. This image
was used to caleulate the ratio of nuclel within yeltow-defined myotube regions compared with
total nuclei.

{6023} FIG. 13: Lipid accumulation in BSCs coliured in varions media. BSCs (P5)
from various media conditions were imaged via brightfield microscopy to observe lipid droplet
accumudation, which appears as bright circles within cells. Results showed that while some lipid
droplet formation still occurred in Beefy-R (examples indicated by black arrows; left image), it is
substantially reduced compared with Beefy-9, which showed substantial lipid accumulation and
the formation of large clusters of lipid droplets in cells (examples indicated by black arrows &
black circles; middle image) BSC-GM controls showed very little to no aberrant lipid
accumudation in cells. Scale bars are 100 um.

{6624} FIG. 14: Short-term growth of Mackl (A) and LS adapted Mack! (B} in
rapeseed protein isolate (RPI}-supplemented serum-free media. RPI supplementation can
replace FBS in Mack1 and 1.8 adapted Mack 1 cell cultures as measured by dsDDNA guantification
via fluorescence. Statistical significance was determined by multiple comparisons test between 0

{control} and RPI with the most growth {(P<0.03, *, P<0.001, ***. and P<C.0001, *¥¥%¥)

DETAILED BESCRIPTION

[6025] Before the present invention is described 1n further detatl, it is to be understood that
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the invention is not limited to the particular embodiments described. It is also understood that the
terminology used herein is for the purpose of describing particular embodiments only and is not
intended to be limiting. The scope of the present invention will be limited only by the claims. As
used herein, the singular forms "a” "an”, and "the" include plural embodiments unless the context
clearly dictates otherwise.

{6026} it should be apparent {o those skilled in the art that many additional modifications
beside those already described are possible without departing from the inventive concepts. In
interpreting this disclosure, all terms should be interpreted in the broadest pessible manner
consistent with the context. Variations of the term "comprising" should be interpreted as referring
to elements, components, or steps i a non-exclusive manner, so the referenced elements,
components, or steps may be combined with other elements, components, or steps that are not
expressly referenced. Hmbodiments referenced as "comprising" certain elements are also
contemplated as "consisting essentially of" and "consisting of” those elements. When two or more
ranges for a particular value are recited, this disclosure contemplates all combinations of the upper
and fower bounds of those ranges that are not explicitly recited. For example, recitation of a value
of between T and 10 or between 2 and 9 also contemplates a value of between 1 and 9 or between
Z and 10. Further, as used herein, ranges that are between two particular values should be
understood to expressly include those two particular values. For example, “between 0 and 17
means “from O to 17 and expressly includes 0 and 1 and anything falling inside these values. Also,
as used herein “about” means £20% of the stated value, and includes more specifically values of
+10%, £5%, £2%, +1%, and £0.5% of the stated value.

6027} {n one aspect, the present disclosure provides a serum-free and animal-component-
free culture media. The culture media provided here is based off the discovery that a recently-
developed serum-free and animal-product-free culture media for induced pluripotent stem cells,
which may have been suitable for commercial-scale growth and expansion of muscle satellite cells
but includes at least one cost-prohibitive ingredient (in this case, recombinant albumin}, could be
modified by the substitution of a plant protein extract, concentrate or isolate (i.e., composition) for
a recombinant form of albumin for growth and expansion of muscle satellite cells. As used hergin,
“expansion” and “expand” refers to increasing the number of cells via replication. In other words,
by replacing the recombinant form of albumin from Beefy-9 (and potentially adjusting

concentrations, as appropriate)} with plant proteins, a less expensive and at least as effective (under

9.
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at least some conditions) culture media was deployed. The culture media may be suitable for
commercial production of cultured muscle cells suitable for use in food applications, including
human food applications. As used herein, the term “serum-free” refers to media that does not
contain animal sera (for example, fetal bovine serum, sheep serum, horse serum}. More generally,
the terms “animal-free”, “animal-component-free”, and “animal-product-free” refer to
compositions, methods, and/or uses which do not introduce animal-derived components {(animal
serum or animal albumin, for non-limiting examples). In some cases recombinantly derived animal
proteins may be employed. In some cases, the recombinantly derived animal proteins are free or
substantially free of albumin or free or substantially free of all serum derived proteins). In some
cases, the culture media or the baseline culture media on which it is based is free or substantially
free of albumin. As used herein, “albumin” refers to animal-derived albumin unless expressly
described otherwise (e g, “plant albumin” or “28 albumin™}.

16028} Basal media may contain ingredients essential for cell survival and growth
including amino acids, sugar(s} such as glucose, vitamins, minerals, buffers and ions (calcium,
magnesium, potassium, sodium, and phosphate, for instance). Suitable baseline or basal culture
media is commonly known in the art, non-exclusive examples of which include B8, DMEM, F12,
RPMI, L15 and mixtures thereof. Any commercially available basal cell-culture media may be
used in the methods and those skilled in the art will appreciate that certain media may be preferable
for certain cell types. As used herein, a culture media is "substantially free" of, for instance,
albumin, if the removal of whatever small portion of albumin may be present in the culture media
reduces performance of the culture media by less than $%. In some cases a culture media is
"substantially free" of, for instance, albumin, if albumin is present in a weight concentration of
equal to or less than 1%, 0.5%, 0.1%, 0.05% or 0.01%. In some cases a culture media 13
*substantially free” of albumin if albumin is present in an amount equal to or less than 0.1g/L, or
0.01g/t.. The same would apply to being substantially free of serum derived proteins.

6029} The plant protein composition can be present in an amount of at least 50 mg/L, at
least 100 mg/L, at least 200 mg/L, at least 250 mg/L, at least 500 myg/L, at least 750 mg/L, at least
1 g/l at least 1.5 ¢/L, at least 2 g/1., at least § g/, at least 10 g/L, or at least 15 g/l and at most
50 ¢/L., at most 25 g/L, at most 15 g/L, at most 10 g/L, at most & g/l at most 2 g/L, at most 1.5
g/L., or at most 1 g/l In some cases, the plant protein composition ts present in an aroount of about

1000 mg/L., which in prior work resulted in optimal growth performance over 4 day cell cultures.

-10-
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in some cases, the plant protein composition 18 present in an amount of between about 100 mg/L.
and 2000 mg/L. The plant protein compesition may preferably be present at a concentration of
about 200 mg/L to about 400 mg/L.

[8630] The plant protein composition can be exiracted, concentrated, or isolated (e,
collected) from oilseed crops, other oil crops (i.e, non-cilseed oil crops), legumes or pulses, and
combinations thereof. As used herein, the material from which the plant protein composition is
extracted, concentrated, or isolated from can be raw plant material, such as seeds or the like;
processed plant material, such as meals or cakes or the like; plant protein powders or the like; or
defatted plant materials or the like; or the hike, as would be understood by a skilled artisan.

6631y In some cases, the plant protein composition is extracted, concenirated, or isolated
from an oilseed crop. Examples of suitable oilseed crops include, but are not limited to, rapeseed,
sovbean, sunfiower seed, sesame seed, flax seed, camelina, satflower, linseed, grapeseed, pumpkin
seed, poppyseed, watermelon seed, and the like. In some specific cases, the oilseed crop can be
rapeseed. In some cases, the plant protein composition is extracted, concentrated, or isolated from
another cil crop (i.e, an oil-generating crop that is not an oilseed crop). Examples of suitable other
oil crops include, but are not limied to, peanut, palo kernel, coconut, olive, corn, herap, almond,
cashew, and the like. In some cases, the plant protein composition is extracted, concenirated, or
isolated from legumes or pulses. Examples of suitable legumes or pulses include, but are not limed
to, pea, chickpea, fava bean, lentil, lupin, lima bean, mung bean, navy bean, Bambara bean,
mesquite bean, mucuna bean, pigeon pea, potato bean, yam bean, and the like.

[6032] In some cases, the plant protein composttion comprises prumarily or mostly
unhydrolyzed plant proteins. As used herein, the term “unhydrolyzed” refers {¢ proteins that have
not been subjected to hydrolysis via chemical (e.g, enzymatic, acidic or alkaline), heat,
mechanical, etc.} or other means. Hydrolysis refers to the process by which peptide bonds are
broken under certain conditions {for example, acidic conditions) at certain temperatures,
generating shorter protein fragments, peptides, and/or free amino acid residues. Hydrolysis often
results in smaller peptides {via the cleavage of one larger peptide or protein). Therefore, one way
o recognize unhydrolyzed proteins 1s by size. For example, a skilled artisan could set a size
threshold, above which are larger proteins said to be “unhydrolyzed”. For example, proteins that
are 3 kDa or greater iu size. For example, proteins that are 7 kDa or greater in size. For example,

proteins that are 10 kDa or greater in size. A skilled artisan will recognize that some natural
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hydrolysis may occur in proteins or during the plant protein preparation process. Additionally,
iduced hydrolysis can occur with the treatment of a hydrolytic enzyme. Non-exclusive examples
of hydrolytic enzymes inciude proteinase, neutral proteinase, metalloproteinase, those hydrolyiic
enzymes extracted from Bacilfus subtilis, trypsin, those extracted from porcine pancreas, and
more,

{6033} Hydrolysis can also be identified by the lack of proteins present in a protein
composition. In other words, unhydrolyzed protein compositions can be identified by the presence
of certain proteins. For example, a plant protein composition that comprises unhydrolyzed plant
proteins may comprise plant albumin (28 albumin or other seed storage proteins) and plant
globulins (7S giobulin, 118 globulins, or other globulin proteins). In some cases, 28 albumins
make up 10-40% of plant protein compositions. In some cases, 7S globuling make up 10-20% of
plant protein compositions. In some cases, 118 globulins make up 10-40% of plant protein
compositions. (il body-associated proteins and oleosins may also contribute to protein abundance
in plant protetn compositions. In some cases, 28 albumins, 7S globulins, 118 globulins, ol body-
associated proteins, and/or oleosing make up the first-, second-, third-, or fourth-most abundant
proteins o plant protein compositions. In some cases, the plant protein composition comprises a
majority of plant proteins that are 3 kIDa or greater in size, which may or may not have been freated
with a hydrolytic enzyme. The plant protein composition may comprise plant proteins wherein at
feast about 50%, 60%, 70% 74%, 75%, 80%, 85%, 90%, or 95% of the plant proteins are 4, 5, 6,
7,8, 9, or 10 kDa or greater in size. In some cases, the plant protein composition may comprise
plant proteins wherein at least about 70%, 72%, 74%, 75%. or more of the plant proteins are 10
kDa or greater in size.

[0034] In some cases, the serum-free and animal-component-free culture media can
further include one or more of the following: interleuldn 6; ethanolamine; curcumin; oleic
acid; minerals; pigment cpithelium-derived factor (PEDF); epidermal growth factor (EGF);
leukermia inhibitory factor {(LIF); hepatocyte growth factor {HGE); insulin-like growth factor 1
{IGF-1); platelet-derived growth factor BB {PDGF-BB}; and linoleic acid. The serum-free and
animal-component-free culture media may further include one or more of the following a
recombinant version of interleukin 6; ethanolamine; curcumin; oleic acid; or linoleic acid,
[6035] The serum-free and animal-component-free culture media and the baseline or hasal

culture media can include basal media in an amount by weight of at least 80% and at most 99.99%.
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i some cases, the basal media may be present in an amount by weight of at least 60%, 70%, 80%,
or 90%.

6036} The baseling serum-free and animal-component-free culture media can contain a
mixture of basal media {eg, DMEM, DMEM/F12, eic.) containing sugars {e.g., glucose) at
concentrations ranging from about 0.01-10 g/L, inclusive; amino acids (e g., glutamine, lysine} ai
concentrations ranging from about 0.001-5 g/L, inclusive; vitamins (e.g., folate, niacin} at
concentrations ranging from about 0.001-1 g/l inclusive; minerals (e g., NaCl) at concentrations
ranging from about 0-135 ¢/L, inclusive; and trace elements {(e.g., iron, selenium} at concentrations
ranging from about 0.0001-10 mg/L, inclusive. The basal media can be supplemented with growth-
stimulating or cell-signaling factors {e.g., insulin, fibroblast growth factor, transforming growth
factor, etc.} at concentrations ranging from about 0-100,000 ng/mL, inclusive, and by carrying or
transport proteins {e.g., transferrin) at concentrations ranging from about 0-1 g/L., inclusive. In
some cases, the culture media can include growth-stimulating or cell-signaling factors and/or
carrying or transport proteins at lower concentrations than would ordinarily be present in the
baseline culture media. For example, without wishing to be bound by any particular theory, it is
believed that the culture media can include growth-stimulating or cell-signaling factors and/or
carrying or transpori proteins at lower concentrations than would ordinarily be present in the
baseline culture media. The inventors surprisingly discovered that, with the inventive culture
media, the concentration of growth-stimulating or cell-signaling factors and/or carrying or
transport proteins in the culture media may be capable of being zero. In some cases, growth-
stimulating factors are excluded from the media. In some cases, cell-signaling factors are excluded
from the media. In some cases, carrying proteins are excluded from the media. In some cases,
transport proteins are excluded from the media. Additionally, the conceniration of minerals in the
culture media may be zero.

{6037} The serum-free and amimal-component-free culture media has a baseline growth
capability for expansion of cells for use in cultured food applications. However, this baseline
growth capability is unsuitable for cominercial growth of cultured food. The disclosed serum-free
and animal-component-free culture media has an improved growth capacity that is greater than the
baseline growth capacity. The term “baseline growth capacity” may refer to growth in media
facking animal-derived or recombinant albumin. The growth capability may be equivalent to or

mmproved in comparison to growth of the same cells or cell type in media containing animal-
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derived or recombinant atbumin. For example, improved growth capacity that is greater than the
baseline growth capacity may be growth that is comparable to or improved as compared to growth
in media containing animal-derived or recombinant atbumin. In some cases, the improved growth
capacity is at least 50%, at least 100%, at least 150%, at least 200%, at least 250%, or at least
300% greater than the baseline growth capacity. In some cases the improved growth capacity is
comparable to or about the same as when cells are grown in similar basal media with albumin in
place of plani protein. The media provided herein are capable of growing cells for use as a food
source for animals including for use as a food source for humans. The cells may be harvested after
expansion in the media provided herein for use in food applications. Alternatively or in addition,
products made by the cells and released into the growth media may also be collected, harvested,
optionally isolated and used in food or pharmaceutical applications.

16038} The baseline and improved growth capacity can be expressed in a variety of ways.
As one example, the baseline and improved growth capacity can be expressed as a short-term
growth capacity, measured as proliferation over the course of a short period of time, such as 1, 2,
3,4, 5, 6, or 7 days. As another example, the baseline and improved growth capacity can be
expressed as a long-term growth capacity, measured as a number of cell doublings over multiple
passages of muscle satellite cells. As a further example, the baseline and improved growth capacity
can be expressed as a biomass increase over a given period of time. As vet another example, the
baseline and improved growth capacity can be expressed as a percentage of actively doubling celis
in culture at a given time {e.g., through cell-cycle analysis). The specific way in which the growth
capacity 18 expressed 18 not intended to be limiting. Improved growth capacity may also be an
indication of the physiological health of the expanded cell population. As demonstrated in the
Examples, the cells grown in the media provided herein do not show aberrant lipid accumulation
and lipid droplet formation as do cells grown in recombinant albumin. Thus, improved cellular
physiology 1s also a means of improved growth capacity as used herein.

{8039} in certain aspects, the culture media can include FGYF-2 at a lower concentration
than would ordinarily be present in the baseline culture media. In the baseline culture media, the
FGE-2 concentration is typically around 40 ng/mL. The inventors surprisingly discovered that,
with the inventive culture media, the concentration of FGF-2 in the culture media can be less than
20 ng/ml., less than 15 ng/rol., less than 10 ng/md., less than 7.5 ng/md., less than S ng/mi., orless

than 2.5 ng/m to obtain similar growth and cell physiology.



WO 2023/225686 PCT/US2023/067320

[6040] in certain aspects, the culture media can include transtforming growth factor
{TGFB3) at a lower concentration than would ordinarily be present in the baseline culture media
1o obtain similar growth functionality. In some cases, the culture media can include TGFB3 at a
concentration of less than 0.1 ng/mL, less than 0.01 ng/mL, less than 0.001 ng/mL. In some cases,
the culture media can include no TGFR3.

{6041} In certain cases, the culture media can include neuregulin (NRG1) at a lower
concentration than would ordivarily be present in the baseline culture media to obtain similar
growth functionality. In some cases, the culture media can include NRG1 at a concentration of less
than 0.1 ng/mL, less than 0.01 ng/mL, less than 0.001 ng/mL. In some cases, the culture media can
inchide no NRG1.

[6042] In some cases, the culture media may comprise 2-Phospho-L-ascorbic acid
trisodium salt, insulin, Transferrin, sodium selenite, fibroblast growth factor 2, Neregulin 1,
transforming growth factor beta 3 and mixtures thereof, and, in some cases, insulin, fibroblast
growth factor 2, Neregulin 1, and transforming growth factor beta 3 are present at concentrations
fess than or equal to 10 pg/ml, 20 ng/mL, 0.1 ng/mL, and 0.1 ng/mL, respectively.

[6643] In some cases, the culture media can include other components, including
recombinant components, at a lower concentraiion than would ordinarily be present in the baseline
culture media to obtain similar growth functionality. For example, without wishing to be bound
by any particular theory, it is believed that the culture media can include insulin at a lower
concentration than would ordinarily be present in the baseline culture media. In the baseline culture
media, the insulin concentration s typically around 20 pg/mb. The inventors surprisingly
discovered that, with the inventive culture media, the concentration of insulin in the culture media
may be capable of being less than 10 pg/ml., less than 8 pg/mi, less than 7.5 pg/ml, less than 6
pg/mi, less than 5 ug/mL, less than 3 ug/ml, or less than 2 pg/mb. The inventors surprisingly
discovered that, with the inventive culture media, the concentration of insulin in the culture media
may be capable of being zero.

[8044] In another aspect, the present disclosure provides a method of using the culiure
media disclosed herein. In some cases, this is a method of making an engineered cell. In some
cases, the culture media disclosed herein can be used for expansion or differentiation of cells. The
cells may be used as food ingredients {e.g.. cultured meat/seafood, or a3 supplements to add to

plant-based meat products) or for pharmaceutical applications. Therefore, the culture media may
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be food-grade and/or pharmaceutical-grade. “Food-grade” may refer to products and/or
compositions in any physical form which are intended to be consumed by human beings or lower
animals in whole or part via the oral cavity. As used herein, the term “expansion” can refer to the
increase in the number, density, or confluency of cells via replication, reproduction, etc., and the
term “differentiation” can refer to the maturation and/or increased specialization of cells, as readily
recognizable in the art. In some cases, the culture media disclosed herein can be used for expansion
of muscle cells in a bioreactor, either on hollow fibers or microcartiers or in single-cell suspension
or cell aggregate suspension {e.g., stirred-tank bioreactors, fluidized bed bioreactors, hollow-fiber
bioreactors, rotating-wall bioreactors, wave bioreactors, packed-bed bioreactors, airhfi
bioreactors, etc.). In some cases, the culture media disclosed herein can be used for expansion of
muscle cells for regenerative medicine applications (e.g., in the above-described bioreactors for
the treatment of volumetric muscle loss). In certain cases, the culture media disclosed herein can
be used as isolation media for generating primary muscle cell populations. These methods include
incubating the cells in the serum-fiee cell culture media to allow expansion of the number of cells
or allow for the differentiation of cells and the production of growth media {i.e. the serum-free cell
culture media after support of cell growth). The cells may be incubated in any suitable device to
support growth and/or differentiation of the cells and ai a temperature, humidity and CO»
concentration needed to support growth and/or differentiation of the cells. The cells and/or the
growth media may be harvested by collecting both the cells and growth media and separating the
growth media from the cells using any means available to those of skill in the art including use of
centrifuges or allowing the cells o settle in a bioreacior, cell culture dish or other collection
vehicle.

[6045] Prior to expanding the muscle cells, the method can further include either: 1) coating
a cell culture substrate or the cells with a cell adhesive peptide; or it} adhering the cells to the cell
culture substrate in the baseline serum-free and animal-component-free culture media and/or a
different baseline serum-free and animal-component-free culture media that is lacking the plant
protein composttion. Methods of coating a cell culture substrate and adhering cells to the cell
culture subsirate are readily known in the art.

[0646] The cell adhesive peptide can be a recombinant version of a laminin (e.g, laminin
$11) or fragments thereof, viironectin or fragments thereof, poly-d-ivsine, poly-l-lysine,

fibronectin or fragments thereof, solubilized bhasement membrane or extracellular matrix
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preparation such as Matrigel, or other cell adhesive peptides understood by those skilled in the art.
The cell adhesive peptides arc suitably not derived from an animal but may be made
recombinantly.

[8647] The adhering of step ii) can be performed in B8 culture media or other media that
a skilled artisan would recognize as suitable for such adbering. Examples of other suitable media
include essential 8 media, TeSR-E8 media, basal media {eg, DMEM, DMEM/F1Z, etc),
proprietary serum-free media, serum-containing culiure media, and other media understood by a
skilled artisan to be suitable for adhering.

[8048] The cells discussed herein with respect to the culture media and the methods can
be from an animal source, including, without limitation, from bovine, avian (e.g., chicken, guail},
porcing, seafood, or murine sources. The cells are selected from the group comprising muscle
satellite cells, fibroblasts, adipogenic precursor cells, mesenchymal stem cells, embryonic stem
cells, and induced pluripotent stem cells. The cells may preferably be muscle satellite cells. The
cells may preferably be bovine cells, or the cells may preferably be piscive cells. The cells and/or
muscle sateliite cells discussed herein with respect to the culture media and the methods can be
derived from seafood such as fish (e.g., salwon, tuna, tilapia, perch, mackerel, cod, sardine, trout,
etc.), shelifish (e.g., clams, mussels, and oysters); crustaceans (e.g., lobsters, shrimp, prawns, and
crayfish), and echinoderms {(e.g., sea urchins and sea cucumbers}. The cells and/or muscle satellite
cells discussed herein with respect to the culture media and the methods can be bovine, galline,
gvine, porcing, eguine, murine, caprine, lapine, or piscine. In some cases, the muscle satellite cells
are bovine, galline, porcine, or piscine. The cells and/or muscle satellite cells may be immortalized,
and immortalization can be obtained through genetic modification, spontaneous immortalization,
or other means readily known in the art. The harvested cells may be used in a cultured food
product, or to produce a food or pharmaceutical product. The growth media may also be used to
produce a food or pharmaceutical product.

8049} in another aspect, the present disclosure provides a method of making a serum-free
and animal-component-free culture media. The method includes adding a plant protein
compaosition to a basal cuiture media. The basal culture media may be serum-free and animal-
component free. In some cases, this can involve mixing all of the components of the serum-free
and animal-compounent-free culture media starting with water as a base material or alternatively a

basal culture media may be used as the starting material. In some cases, certain portions can be
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pre~-mixed before combining with other portions. A skilled artisan will recognize that the specific
method of making the culture media of the present disclosure is not intended to be limiting to the
protection of the culture media or the method of using the culture media. The plant protein
composition is added to the basal culture media to a final concentration of 0.05g/L to 2g/L. The
plant protein composition can be present in an amount of at least 50 mg/L, at least 100 mg/L, at
feast 200 mg/L, at least 250 mg/L, at least 500 mg/L, at least 750 mg/L, atleast 1 g/L, at least 1.5
g/L, at least 2 g/L, at least S g/L, at least 10 g/l or at least 1S g/l and at most 50 g/L., at most 25
/L, at most 15 g/l at most 10 g/L, at most 5 g/L, at most 2 /L, at most 1.5 g/L, or at most 1 g/L.
In some cases, the plant protein composition is present in an amount of about 200-1000 mg/L. The
final media made via this method can be any of the media described herein.

[6050] The plant protein composition used in the serum-free cell culture media may be
prepared by any means known to those of skill in the art including the means described herein in
the Examples. For example, the plant protein composition used in the serum-free cell culture media
may be prepared from a ground plant material, which may be a partially defaited or defatted plant
material, including a plant cake material that is produced as a result of a plant ail processing
system. The plant protein composition for use in the media may be prepared by alkali extraction,
isoelectric precipitation of the alkali extract, and finally dissolution at physiological pH of the
protein precipitate. The alkali extraction may comprise incubating a ground plant starting material
in basic aqueous solution containing sodium hydroxide (for exarmple, at pH 12.5) for up to twenty-
four hours or more. The 1soelectric precipitation may comprise adjusting the extract pH to acidic
conditions {for example, pH 4.5} using hydrochloric acid for up to twenty-four hours or more. The
dissolution of the precipitated proteins may comprise re-dissolving these precipitated proteins in
basic aqueous solution containing sodium hydroxide (for example, pH 12.5) for up to twenty~-four
hours or more, optionally followed by adjusting the pH to physiological levels (about pH 7.2)
using hydrochloric acid, for example. The resulting protein solution may be filtered and
concentrated. Alkali conditions throughout can range from pH 8 to pH 13.5 and can be created
with vartous bases {in addition to sodium hydroxide). Acidic conditions throughout can range from
pH 3 to pH 6 and can be created with various acids (in addition to hydrochioric acid)}. Extraction
may be preceded by incubating a ground plant starting material in a de-fatting solution comprising
hexane, aicohol or other organic solvenis, or a combination thereof. In some aspects, extraction is

performed in solutions which are buffered with salts (such as sedium chioride, for example}
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Therefore, the plant protein composition used in the serum-free cell culture media may be prepared
by alkali extraction followed by acid precipitation of an aqueous solution from a ground plant
material, and the ground plant material may be defatted or partially defatted. The ground plant
starting material may be ground whole plant material, such as ground whole sovbeans, rapeseed,
cottonseed or any of the plants disclosed herein or may be a defatted or partially defatted meal
cbtained after oil extraction from the plant material. The incubation may be in an alkali sclution
to aid in extracting and solubilizing the protein from the ground plant material. The protein may
then be concentrated using means known to those of skill in the art such as centrifugation, acid
{(isoelectric) precipitation or ultrafiltration and the resulting plant protein composition which may
be classified as a plant protein extract, concentrate or isolate depending on the starting material
and the processing steps taken can be added to the media to obtain the concentration of plant
protein in the final serum-tree cell culture media desired.

8051} Before discussing the exemplified aspects of the present disclosure, Applicant
emphasizes that the investiveness of the present disclosure lies heavily with the fact that the
inventive culture media has been validated. Without wishing to be bound by a particular theory,
we remain at the dawn of cultured meat producis and it remains very challenging to predict
efficacy, particularly when it relates to formulations that traditionally involve serum or animal
products. Prior fo this invention, to the best of Applicant's knowledge no successtil culture media
had been developed for long-term propagation of muscle satellite cells without the use of serum,
ather animal products, or non-food-safe components, aside from Applicant's own previous efforts
wmvolving & recombinant form of albumin, Additionally, prior to this tnvention, to the best of
Applicant’s knowledge no method for the passaging and propagation of these cells in a serum-free
manor had been developed, aside from Applicant's own previous efforts involving a recombinant
form of albumin. Additionally, prior to this invention, to the best of the Applicant’s knowledge no
method for replacing albumin with plant protein extracts had been developed for any cell culture,
aside from Applicant’s present work. As a result, the number of possibilities remains nearly infinite
while the guidance from successful examples is practically zero. Because of this, Applicant
submits that the bar for what might be considered inventive in this space needs to properly consider
these factors.

[6052] No admission is made that any reference, inciuding any nouv-patent or patent

document cited in this specification, constitutes prior art. In particular, it will be understood that,
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uniess otherwise stated, reference to any document herein does not constitute an admission that
any of these documents forms part of the coramon general knowledge in the art in the United States
or in any other country. Any discussion of the references states what their authors assert, and the
applicant reserves the right to challenge the accuracy and pertinence of any of the documents cited
herein. All references cited herein are fully incorporated by reference, unless explicitly indicated
ctherwise. The present disciosure shall control in the event there are any disparities between any
definttions and/or description found in the cited references.

8053} The following exampies are meant only to be illustrative and are not meant as

Hmitations on the scope of the invention or of the appended claims.

EXAMPLES
[0034] Txample 1
18055} After unsuccesstul efforts described in the Comparative Examples below, in-house

alternatives were explored using bulk proteins isclated from Inca Peanut (Plukenetia volubilis)
protein powder, Sovbean meal {Glveine max), Rapeseed meal (Brassica napus), and Cottonseed
meal {Gossypium hirsutum) using simple alkaline extraction followed by acidic protein
precipitation. This extraction yielded Inca Peanut Protein Isolate (IPPI), Soy Protein Isolate (SPI),
Rapeseed Protein {solate (RP), and Cottonseed Protein Isolate (CPI). SD8-page analysis reveals
that 1solated proteins are primartly <100 kDa for all proteins, and <80 kDa for IPPI and RPL
Pierce-BCA protein quantification of the resulting solutions revealed isolate yield/starting material
vields of ~6.5 g/kg (IPPI), 188 g/kg (8P, 39 g/kg (RPI), and 84 g/kg (CP) after no process
optimization. A rough estimate of cost/kg of [PPI, SPI, RPL and CPLis given based on raw material
input costs {34,255, $1.75, $6.10, and $3.21, respectively), though actual costs are higher due to
processing costs {e.g., NaOH and HCU used to adjust protein solution pH, and energy cosis of
centrifugation / filtration). However, it is clear that costs for all isolates are drastically lower than
the >340,000/kg for recombinant albumin, even including these simple processing steps.

j8056] After generating protein isolates, BSC growth was analyzed over shori-term (4 day)
periods with different concentrations of the protein isolates (FIG. 2). Results show that IPPI does
not improve growth, but that SPI, RPI and CP all do significantly improve growth compared with
no supplement. Of these RPY offers the best growth, and indeed shows significant improvement
over albumin-supplemented Beefy-9 at 0.4 mg/mL RPL Along with growth kinetics, brightfietd

microscopy reveals no change in cell morphology when RP1 is used instead of rAlbumin, further
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confirming that this can serve as a suitable low-cost replacement.
106057} To overcome the high cost of albumin, we have explored a number of low-cost and

animal-component free alternatives and have discovered that bulk protein extract from rapeseed

meal {2 byproduct of canola oil production} is particularly effective in replacing the albumin in
Beefy-9 at a concentration of 0.4 mg/mb.. We term this new media “Beefy-R,” and its composition
can be found in Table I below:

Table 1: Beefy-R

Componeni Concentration | Supplier  (this | Cataleg # {this
work) work}

DMEM/F12 (Basal media) N/A ThermoFigher 113306057

2-Phospho-L-ascorbie acid | 200 ug/mL Sigma 49752-10G

frisedium salt

Insulin 20 ug/mL Sigma S1077C-250MG

Transferrin 20 ug/mL ThermoFisher 11107018

Sodinm selenite 20 ng/mL Sigma S5261-10G

FGEF2 40 ng/mL Peprotech 10018BIMG

NRGI1 0.1 ng/mL VWR 10770-630

TGEL3 0.1 ng/mbL R&D Systems 8420B3005/CF

Rapeseed protein iselate (n- | 04 mg/mL In-house N/A {(Rapeseed

house) {Rapeseed meal | meal ASIN
from Amazon) H#BOOOOQOEMW)

[0658] Rapeseed and other (e.g., soy, veast, wheat and rice) profein hydrofysates have
previpusly been used as albumin replacements for other cell types (e.g., CHO cells), however,
these supplements present additional costs in the form of hydrolytic enzymes or other processing
to generate the hydrolysates. Therefore, the possibility of ultra-low-cost and simple protein isolates
as albumin alternatives is a promising option for cultured meat.

EHES To our knowledge, this is the first instance of rapeseed and other (1o, soy and
cottonseed) protein isolates without hydrolysis being used for animal cell culture media and as an
albumin replacement, and the first demonstration of rapeseed proteto isolates in any form being
used for cell culture supplements for skeletal muscle cells (including bovine skeletal muscle celis)
for any application (including cultured meat).

16060} The high cost of cell culture media for cultured meat is the number one challenge
facing the field’s economic viability at scale. As such, there is a dramatic need for low-cost
alternatives to canonical media componenis. Here, because cultured meat must ulimately compete

with commodity agricultural products, it is important that inputs and processes are as simple,
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scalable, and low-cost as possible. Rapeseed protein isolate meets all of these needs. The global
supply of rapeseed meal is massive, with 50 million metric tons produced annually as a byproduct
of the canola oil production process. The use of this ingredient is therefore highly scalable.
Furthermore, as a byproduct, rapeseed meal overs a highly sustainable input to the cultured meat
production process, as it would require no further extraction of natural resources and would instead
upcycle current waste-streams. Lastly, the production process of RPI is simple, scalable, and {ow-
cost, using only alkaline and acid treatments as well as filtration and centrifugation. It is possible
that alternative steps could be employed if desired to improve yields or reduce costs, such as
dialysis and lyophilization instead of ultrafiltration to concentrate protein samples, or the use of
filters rather than centrifugation to remove aggregates and particulates from protein solutions after
acid precipitation and re-dissolution. Finally, it should be noted that in the context of cultured
meat, another significant benefit of the described technology 1s the use of food-safe ingredients,
including rapeseed proteins (which are used in human food products) and simple acids, bases, and
salts. Ultimately, the significance of this work lies in 1) the ultra-low cost altersative to
recombinant albumin, 2} the highly scalable nature of the process, and 3) the appropriateness of
inputs and processes for use in a food-production system.

HU 3 As mentiongd, to our knowledge, this is the first instance of non-hydrolyzed
rapeseed protein isolates in animal cell culture media and as an albumin replacement, the first use
of rapeseed protein isolates in any form muscle stem cell culture, and the first use of rapeseed
protein isolates for culture media in the context of cultured meat. The fact that rapeseed is more
functional than the other proteins tested (FIG. 2) or than the other alternatives tested shows that
this system is both novel and important. Further, the approach outlined here to screen non-
hydrolyzed protein sources from agricultural or other sourced materials, suggests that additional
substrates could be identified for low cost processes and supplements to use in cell cultivation

processes, including not only muscle stem cells, but also adipose stem cells and differentiating

cells.
j8662] Comparative Fxample
{6063} Prior to gven attempting the successful culture media described in Example 1, the

inventors explored varicus compounds/compeositions with the intention of attempting to replace
the recombinant atbumin from Beefy-9, due to its outsized role in the cost. The inventors first

explored various compounds that might replace albumin’s diverse roles in cell culture media,
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including as an as an antioxidant and carrier of numerous compounds, including fatty acids, ions,
amino acids, signaling molecules, and other factors. Many of the compounds/compositions tested
did not successfully replace albumin in Beefy-9, despite suggestion in the literature that these
compounds would be suitable replacements for albumin in certain contexts,

[pa64] The cyclodextrins a-cyclodextrin and P-cyclodextrin are often used as carrier
molecules for numerous compounds {such as fatty acids in generating water-soluble lipid
mixtures) and have been previously reported as substitutes for albumin in the serum-free culture
of human fibroblasts and murine hybridoma cells. Similarly, other cyclodextrins {y-cyclodextrin
and hydroxypropyl-f-cyclodextrin} have been used in forming effective protein-free media for
mouse myeloma cells. We explored these compounds as replacements for albumin in Beefy-9 but
saw no improvement over B8 media with no albumin added (i.e, no ability to replace albumin
function). With this data we ruled out o and B-cyclodextrin,

18065] Other low-cost plant-derived components have also been tested as substitutes for
albumin in cell culture media. Specifically, plant peptones {protein hydrolysates) from wheat and
cotton were shown to effectively replace bovine serum albumin in culturing bovine embryos.
Similarly, CHO celis have previously been cultured numerous plant hydrolysates (including
rapeseed, soy, veast, wheat, and rice} completely replacing proteins in culture media {e.g.,
transferrin, insulin, and albumin). We tested numerous supplier-provided hydrolysates, but again
saw 1o ability to replace albumin.

[6066] Another potential role of albumin in the cell culture media i3 one of macromolecular
crowding, doe to its high concentration in the culture media, and the potential benefits of
macromolecular crowding in cell culture media. We therefore tested polyethylene glycol (PEG)
and dextran as macromolecular crowders. Dextran showed no improvement to cell growth, and
while PEG showed some improvement at high concentrations, growth was still significantly less
than Beefy-9 supplemented with albumin. As such, we determined that these molecules were
ineffective albumin replacements.

8067} Some of the data for these unsuccessful formulations are included 1n FIG. 8. While
some data have been excluded for brevity additional data can be provided to a patent examiner
upon request.

[6068] Generally, the invovations described herein can possibly be used as an alburin

alternative in lots of different serum-free media, including but not limited to B&/Beefy-9 media
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that are generally used as a scaffold in this application.

[6069] Example 2: A Beefy-R culture medium: Replacing albumin with rapeseed
protein isslates

[8070] The development of cost-effective serum-free media is essential for the economic
viability of cultured meat. A key challenge facing this goal is the high-cost of recombinant albumin
which 15 necessary in many serum-free media formulations, including a recently developed serum-
free medium for bovine satellite cell (BSC) culture termed Beefy-9. Here we alter Beefy-9 by
replacing recombinant albumin with rapeseed protein isolate (RPI), a bulk- protein solution
obtained from agricultural waste through alkali extraction {pH 12.3), iscelectric protein
precipitation (pH 4.5), dissolution of physiologically soluble proteins (pH 7.2), and concentration
of proteins through 3 kDa uitrafiltration. This new medium, termed Beefy-R, was then used to
culture BSCs over four passages, during which cells grew with an average doubling time of 26.6
h

phenotype and myogenicity. Together, these results offer an effective, low-cost, and sustainable

, showing improved growth compared with Beefy-9 In Beefy-R, BSCs maintained cell
alternative to albumin for serum-free culture of muscle stem cells, thereby addressing a key hurdle
facing cultured meat production.

6671} INTRODUCTION

8072} Cultured meat {also cultivated or cell-based meat) 1s an emerging technology with
the potential to overcome animal agriculture’s limitations in terms of sustainability, animal
welfare, and human health [1]. Briefly, cultured meat 1s produced through cell culture and tissue
engrucering, rather than by raising and slaughtening livestock. The potential benefits of cultured
meat have been projected and discussed in several analyses and reviews [2-4], however,
substantial research and development 1s still required to malke this technology viable at a scale and
price-point comparable to conventional meat [5]. Here, a key area of research continues to be the
culture media, or the liguid substrates that provide nutrients and functional factors {e.g., proteins)
to cells to pro- mote growth and differentiation into relevant tissues {typically muscle and fat}.
Challenges to media development for cultured meat are 2 traditional dependence on animal-
derived fetal bovine serum (FBS), or else the high cost of serum-free media formulations. As media
are projected to account for a majority the costs of cultured meat, establishing affordable animal-
free formulations is essential for achieving price parity with conventional meats [6].

18073} Recently, we developed an animal-component free medium that is suitable for
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growing bovine satellite cells (B8Cs) {71 This medium, termed Beefy-9, was developed by adding
recombinant albumin to a previously developed medium (BR), which had itseif been established
for culturing induced pluripotent stem cells (iPSCs) {81 While the addition of recombinant
albumin rendered this medium suitable for BSCs, it also added substantial cost. Specifically,
depending on its con- centration, albumin addition resulted in a 50-400% increase in cost
compared with B8 This price-dominance of albumin has been noted by others as well [91. As such,
it 1s clear that cheaper alternatives must be developed to bring down the cost of serum-free media,
j8674] One promising option is {0 use proteins extracted from low-cost and abundant
sources. For instance, hydrolyzed proteins from rapeseed, wheat, soy, chickpeas, and other plants
or agricultural byproducts bave been used as albumin alternatives for culturing Chinese hamster
ovary {CHO) and other mammalian celi types [10-15] These sources offer the benefits of being
fow-cost, scalable, and obtainad from byproducts of agricultural processes (such as the production
of canola oil in the case of rapeseed). However, while the hydrolysis used in these studies can
enable the production of well-defined peptide fractions with specific functionalities, it can also
add complexities {e.g., hydrolytic enzymes or chemical treatments) which may impact the cost and
scalability of the inputs. Thus, it may be valuable fo use bulk plant protein extracts {i.e,
nonhydrotyzed) to maximize simplicity, affordability, and scalability.

[8075] The current work demonstrates that bulk protein extracts from otlseed protein meals
can serve as albumin alternatives in Beefy-9. Specifically, rapeseed protein isolate (RP1) produced
through simple alkali extraction and 1soelectric precipitation can fully replace albumin in BSC
culture over short- and long-term growth, thereby dramatically lowering the cost of the medium,
More, this modified serum-free medium (termed Beefy-R} supports enhanced cell growth
compared with Beefy-9, while maintaining the phenotype and differentiation capacity of BSCs at
least as well as Beefy-9. Together, these findings demonstrate the utility of oilseed protein isolates
{OPIs), and particularly RPL in replacing albumin in cell culture, thereby enabling substantial cost

reduction for cultured meat.

{6676] MATERJALS AND METHODS
{66771 Bovine satellite cell culture and routine maintenance
[6078] Primary bovine satellite cells {BSCs) used in this study were isolated and

P o~

characterized previously using tissue from a 2-week old Simmental calf {7]. For routine cell

maintenance, cells were cultured in 37 °C with 5% CO; on tissue-culture plastic coated with 0.25
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pg/em? iMatrix recombinant laminin-511 (fwai North America #N892021, San Carlos, CA, USA)
BSC growth media (BSC-GM) was used, comprised of DMEM Glutamax (ThermoFisher
#10566024, Waltham, MA, USA), 20% fetal bovine serum (FBS; ThermoFisher #26140079), 1
ng/mb human FGF-2 (ThermoFisher #68-8785-63), and 1% antibiotic-antimycotic {ThermoFisher
#1540062). For routine culture, cells were expanded to a maximum of 70% confluence, harvesied
using 0.25% trypsin-EDTA {Thermo¥isher #25200056), counted using an NC-200 automated cell
counter (Chemometec, Allerod, Denmark) and either seeded at a density of 2,000-5,000 cells/cm?
on new tissue culture plastic with growth medium and laminin, or else frozen in FBS with 10%
Dimethyl sulfoxide (DMSO, Sigma #D2650, St. Louis, MO, USA).

6079 (ilseed protein isolate generation

[6080] Oilseed protein isolates (OPlIs) were generated using protein meals from four plant
sources These were Inca peanut (Plukenectio volebilis), which was obtained as a protein powder
(Imlak’esh Organics #765857605340, Santa Barbara, CA, USA); soybean (Ghycine max), which
was obtained as ground protein meal {Roots organics #715110, Eugene, OR, USA); rapeseed
{Brassica napus), which was obtained as protein cakes (Joshua Roth Limited #6046, Albany, OR,
USA); and cottonseed (Gassypium hirsuium), which was obtained as ground protein meal (Down
To Earth #07859, Eugene, OR, USA). Rapeseed protein cakes were ground in a standard coffes
grinder to generate a ground protein meal, after which protein isolation procedures were the same
for all samples, based on adapted methods from several previousty reported studies [10,16-23].
Brietly, for each protein, protein meal was suspended in DI water (10% w/v), and the resulting
shurry was adjusted to a pH of 12.5 using 5 M NaOH. The slurry was mixed ai room temperature
in a beaker with a magnetic stir bar for 1 h 1o extract proteins. Next, the mixture was centrifuged
at 15,000 g and room temperature for 10 min to peliet non-soluble components, and the protein-
containing supernatant was collected. This supernatant was adjusted to pH 4.5 with 6 M HCl in
order to precipitate out proteins, and solution was again centrifuged at 15,000g and room
temperature for 10 min. The supernatant was dis- carded, the protein-containing pellet was
resuspended in the same volume of DY water used previously, and the mixture was adjusted to pH
12.5 using 5 M NaOH. Proteins were encouraged to redissolve and redisperse in alkali solutions
using a magnetic stir-bar and mechanical disruption of the pellets. When proteins were completely
dispersed, pH was adjusted to 7.2 using 6 N HCl in order to crash out those proteins that were not

sctuble at physiological pH. This mixture was centrifuged at 15,000g and room temperature for 30

26
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min, and the supernatant was filtered through a 10 um filter before being centrifuged at 45,000g
and 4°C for 3 h to completely pellet any insoluble particles. The resulting OPI-containing
supernatant was collected, filtered through an 0.22 um filter, and concentrated with 3-kDa cutoff
ultrafiliration tubes (Pall #MAPOO3C37, Port Washington, NY, USA) by centrifugation at 4,500¢g
and 4°C until 50~ to 100-fold concentration had been achieved.

6081} Concentrated proteins were filtered through 0.45 um filters (Sigma #SLHV033R)
and were then guantified using a Pierce BCA kit (ThermoFisher #23227) according to the
manufacturers protocol. Once protein concentrations had been determined, they were adjusted to
50 mg/ ml for all samples using sterile ultrapurewater, and aliquots were snap- frozen in liguid
nitrogen before moving them to long-term storage at 80°C. Proteins could be thawed to room
temperature without any impact on solubility, though long-term storage at 4°C or lyophilization
resulted in aggregation.

10082} To test how different protein isolation methods affected growth (FIG. 7), the
following adjustments to the protocol were made: first, an overnight incubation at 4°C was added
between the 10 um filter step and the centrifugation at 45,000g. Second, this same overnight
incubation was added, but the protein solution was also supplemented with 120.6 mM NaCl Third,
hexang-defatting was performed before extraction by adding protein meals to hexane (Sigma
#270504-1 L) (10% w/v) and incubating the mixtures at room temperature on a stir-plate for 1 h.
After defatting, hexane was removed by decanting and protein meals were allowed left in the fume
hood until fully dry. Defatted protein meals were then used for extraction as mentioned above,
mcluding the overnight incubation at 4°C between 10 pm filtration and 45,000g centrifugation. As
noted in the results, no significant differences were noticed between these changes, except that
hexane defatted RPI showed optimal performance at a reduced conceniration.  should also be
noted that preliminary experiments for this study only used centrifugation up to 12,000g for all
steps and stili saw RPI efficacy. It is therefore expected that lower-speed centrifugation will work
in settings that do not have large, high-speed centrifuges, though times may need to be increased

to achieve sufficient pelleting to avoid clogging filters.

G083} (ilseed protein isolate characierization: SDS-PAGH.
{0084} For initial protein characterization, an SDS-Polvacrylamide gel (SDS-PAGE) was

generated using the Lagmmli protocol. Briefly, 120 pg of each OPI solution was diluted in 50 ul

of water and mixed with 10 pb. of 6x Laemmli reducing buffer (ThermoFisher #I61337-AC).
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Solutions were heated to 95°C for 10 min, centrifuged at 13,000 g for 5 min, and 10 pL of solution
was loaded into a 4-20% Tris-glycine gel {ThermoFisher #XP04200PK 2} along with 3 ub of
Precision Plus protein ladder (Bio- Rad #1610374), and gels were run at 125 V for 1.25 hin Tris-
Glycine running buffer (ThermoFisher #LC2675).

10085] Uilseed protein isolate growih studies

[6086) Hi-Def B8 medium was prepared by adding Hi-Def B8 aliquots {Defined
Bioscience #.S87201, San Diego, CA, USA) to DMEM/F12 (ThermoFisher #11320038) along
with 1% aniibiotic-antimycotic. Beefy-9 medium was prepared by adding 0.8 mg/mbL of
recombinant albumin (Sigma #A9731-1G) to Hi-Def B8, Next, Hi-Def B8 medium supplemented
with various concentrations of OPIs or other supplements (FIG. 8) were prepared. Cells were
thawed into 96-well plates in BSC- GM with 025 pg/em” of recombinant laminin-511 and at a
ceflular density of 2,500 cells/em? Cells were allowed to adhere overnight in serum-containing
media in order to ensure consistent starting cell numbers, after which cells were washed once with
DPBS (ThermoFisher #14190250) and media was changed to either B8, B8 supplements {e. g.,
OPis), or Beefy-9. Two replicate plates were generated for each experiment, one of which was
imaged, aspirated and frozen at -80°C on day three, and one of which had its media refreshed on
day three and was then aspirated and frozen at 80°C on day four for dsDNA quantification. This
quantification was performed using a FluoReporter dsDNA quantification kit {ThermoFisher
#2962y according to the manufacturer’s instructions. Fluorescence was read on a Synergy Hi
microplate reader {BioTek Instruments, Winooski, VT, USA) using excitation and emission filters
centered at 360 and 490 nm. Fluorescence was analyzed relative to the Beety-9 posttive control

and used to compare four-day growth between conditions.

[6087] Multi-passage growih studies
{6088} Once short-term growth had been assessed, multi-passage growth studies were

performed to further validate the utility of RPI- supplemented Beefy-R medium. These studies
used methods previously established in the development of Beefy-0 {71 Briefly, BSCs (passage
2} were seeded into triplicate wells of 6-well plates (Corning #353046, Corning, NY, USA} in
BSC-GM with 0.25 ug/em?2 iMatrix faminin-S11. After allowing cells to adhere overnight, cells
were washed 1x with DPBS and fed either BSC-GM, Beefy-9, or Beefy-R (Hi-Detf BS
supplemented with 0.4 mg/ml RPY). Beety-9 and Beefy-R were prepared immediately before use,

For passaging, cells were cultured to 70% confluency, rinsed 1x with DPBS, and dissociated with
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500 uk of TrypLE Express (ThermoFisher #12604021). After incubating celis at 37 °C for 10
min, plates were vigorously tapped to dislodge cells, and cells were collected with an additional
1.5 mL of either BSC-GM or Hi-Def B8, depending on whether they were the serum-containing
or serum-free samples. Cells were then counted using an NC-3000 automated cell counter
{Chemometec), cenirifuged at 300 g for S min, resuspended in cither BSC-GM or Hi-Def BB, re-
counted, and seeded onto new 6-well plates with 0.25 pg/em? of iMatrix laminin-511 for BSC-GM
cells, or 1.5 pg/em? of truncated recombinant human vitronectin {Vin-N; ThermoFisher #414700)
for serum-free cells. After allowing cells to adhere overnight, media was replaced with BSC-GM,
Beefy-R, or Beefy-9, as appropriate. This process was repeated over 13 days and four passages
{P2-P5}) with cell feeding every two days. As before, Beefv-R and Beefy-9 were prepared
immediately before use. When seeding passage three, additional wells were seeded for gPCR and

immunostaining analyses,

10089} Serum-firee differemtiation and phenotype anafysis
[0090] A population of cells at passage three was cultured to confluency in appropriate

media, at which point media was changed to a previously described serum-free differentiation
medium containing Neurobasal (Tnvitrogen #21103049, Carlsbad, CA, USA) and L15 (Tovitrogen
#11415064) media in a 11 ratio, supplemented with 10 ng/ml insulin- like growth factor 1 {1GF-
{; Shenandoah Biotechnology #100-34AF- 100UG, Warminster, PA, USA), 100 ng/mL epidermal
growth factor (EGF; Shenandoah Bictechnology #100-26-500U(G), and 1% antibiotic- antimycotic
(241 Celis were differentiated for 2 days before performing relevant analysis.

0091} Grene expression analysis

6092} To assess relative gene expression between BSCs cultured in various media types,
gPCR was performed on proliferative (70% confluency} and differentiated celis from P3 following
standard protocols. Briefly, RNA was harvested using an RNEasy Mini kit (Qiagen #74104,
Hilden, Germany) and c¢cDNA was prepared with an iScript ¢DNA synthesis kit (Bio-Rad
#1708890, Hercules, CA, USA}using 1 ug of RNA for each reaction. Next, gPCR was performed
using 2 pL of ¢DNA and 1x TagMan Fast Universal PCR Master Mix without AmpErase UNG
{ThermoFisher #4352042). Prumers used in this study were: 18 § (ThermolFisher #Hs03003631),
Pax3 (ThermoFisher #Bt04303789), MyoD1 (Thermo- Fisher #Bt03244740), Myogenin
{Thermolisher #8103258929), and Myosin Heavy Chain (ThermoFisher #Bt03273061). Reactions

were performed according to the manufacturer’s instructions on a Bio-Rad CFX96 Real Time
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280 normalized to expression of the 18 §

System thermocycler, and results were analyzed as 2
housckeeping gene and analyzed relative to proliferative BSC-GM expression for cach gene.
j6693] Tmmunostaining

[8694] Along with gPCR, immunocytochemistry was performed to assess phenotype of
both proliferative and differentiated cells from each media. Cells were fixed with 4%
paraformaldehvde (ThermoFisher #AAJGI899AK) for 30 min, washed 3x in DPBS, and
permeabilized for 15 min with 0.5% Triton-X (Sigma #T8787) in DPBS. Cells were then rinsed
3x in PBS-T (DPBS containing 0.1% Tween-20 [Sigma #P1379]) and blocked for 45 min using a
blocking buffer containing DPBS with 5% goat serum {ThermoFisher #16210064) 0.05% sodium
azide {Sigma #852002) before adding primary antibodies and incubating overnight at 4 °C. For
proliferative cells, primary antibodies used were for Pax7 {(ThermoFisher #PAS-68506) diluted
1:500 in blocking buffer and MyoD (Thermolisher #MAS-12902; 1:100). For differentiated cells,
primary antibodies used were for MHC (Developmental studies hybridoma bank #MF-20, Towa
City, 14, USA; 4 pg/mL) and Phalloidin-488 (Abcam #ab176753, Cambridge, UK; 1:1000}.
Following primary antibody incubation, cells were rinsed 3x in PBS-T, incubated for 15 min at
room temperatore 1o blocking butfer, and treated with secondary antibodies in blocking buffer for
I h at room temperature. Secondary antibodies for proliferative cells were anti-rabbit
{ThermoFisher #A-11072; 1:500) and anti-mouse (ThermoFisher #A-11001) for Pax7 and MyeD,
respectively, as well as a DAPI nuclear stain {(Abcam #abl04139, Cambridge, UK, 1:1000}.
Secondary antibodies for differentiated cells were anti- mouse {ThermoFisher #A-11005) for
MEHC, as well as a DAPI vuclear stain. Finally, cells were rinsed 3x with DPBS before imaging.
HHERT imaging was performed with 2 KEYENCE BZ-X810 fluorescent microscope
{Osaka, Japan). For Pax7 gquantification and fusion index analyses, batch images were taken with
the 10 objective at random points of culture wells selected by the KEYENCE software. Images
were analyzed using Imagel software. Briefly, for Pax7 quantification, each nucleus in the DAPI
channel was established as a discrete region of interest (RGO}, and these ROIs were added to the
Pax7 channel after thresholding at a consistent value. Percentage of ROIs containing Pax7 signal
was recorded (FIG. 10). For fusion index quantification, total nuclei were counted in the DAPI
channel, after which MHC channels were used to generate nuclear selections following the
application of a cousisient threshold. Nuclet within the selections were counted, and the ratios of

selected nuclei to total nuclel were recorded as fusion indices.

230



WO 2023/225686 PCT/US2023/067320

{3696} Growth studies using RPI from multiple lots of rapeseed protein cakes
16097} To test how vartability in starting materials affected performance of Beety-R, two

different preparations of RPI were prepared as before. These included Lot #1, which was the same
lot of rapeseed protein cakes used previously {sourced by Joshua Roth Limited in 2021), and Lot
#2, using new rapeseed protein cakes (sourced by Joshua Roth Limited in 2022). Short-term
screens of these two RPIs were performed as before but using the CyQUANT cell proliferation
assay {ThermoFisher #7026} for final assessment according to the manufacturer’s instructions,
Long- term growth-curves were generated with the same methods as before and using Beefy-9,
Beefy-R containing 0.2 mg/mb of RPI (Lot #1), or Beefy-R containing 0.2 mg/mL of RPI (Lot
#2). Both short-term and long-term growth experiments were then performed using immortalized
bovine sateliite cells (iIBSCs) which were developed previously [25]. These cells (P47 at the time
of this study) were maintained similarly to primary BSCs, but with additional media
supplementation with 2.5 pg/mL puromycin (ThermoFisher #A1113803).

{6693] Proteomics

6099} Proteomic analysis was performed at the Massachusetts Institute of Technology’s
Koch Institute Proteomics core. First, Proteins were reduced with 10 mM dithiothreitol (Sigma)
for 10 min at 95 °C and then alkylated with 20 mM iodoacetanmide (Sigma} for 30 min at 25 °C
in the dark. Proteins were than digested with trypsin on S-trap micro columns (Protift #C02-micro-
&0) per the manufacturer’s instruction. Next, the tryptic peptides were separated by reverse phase
HPLC (Thermo Ulti- mate 3000) using a Thermo PepMap RSLC C18 column (2um tip,
7Sumx50cm #ES903) over a 100-min gradient before nanoelecirospray using aun Exploris mass
spectrometer { Thermo). Solvent A was 0.1% formic acid in water and solvent B was 0.1% formic
acid in acetonitrile. The gradient conditions were 1% B (0-10 min at 300 ul/min), 1% B (10-15
min, 300 nl/min to 200 nl/min}, 1-7% B (15-20 min, 200 nL/ min), 7-25% B (20-54.8 min, 200
nl/min}, 25-36 B (54.8-65 min, 200 nL/min), 36-80% B {65-65.5 min, 200 nL/min), 80% B
(65.5-70 min, 200 al/min), 80-1% B (70-70.1 min, 200 sl./min), 1% B (70.1-90 min, 200
nl/min). The mass spectrometer was operated in a data-dependent mode. The parameters for the
full scan MS were: resolution of 120,000 across 3751600 m/z and maximum [T 25 ms. The full
MS scan was followed by MS/MS for as many precursor ions in a 2 s cycle with a NCE of 28,
dynarmic exclusion of 20 s and resolution of 30,000,

180100} Raw mass spectral data files {raw) were searched using Sequest HT in Proteome

=31~
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Discoverer {Thermo). Sequest search parameters were: 20 ppm mass tolerance for precursor ions;
0.05 Da for fragment ion mass tolerance; 2 missed cleavages of trypsin; fixed modification were
car~ bamidomethylation of cysteine and TMT 10-plex modification on the Iysines and peptide N-
termini; variable modifications were methionine oxidation, tyrosine, serine and threonine
phosphorylation, methionine loss at the N-terminus of the protein, acetylation of the N-terminus
of the protein and also Met-loss plus acetylation of the protein N-terminus. For peptide groups data
only PSMs with a Xcorr score greater than 2, isolation interference less than or equal to 30 and a
deltaM{ppm) between 3 and 3 were used. For Gene Ontology (GO) analysis of the data, gene
ontology annotation (GOA) files from UniProt were referenced in Scaffold (Proteome Software,
Inc., Portland, OR; version 4.7.3). The GOA files used for CPI, SPI, and RPI were 4102340,
G hirsutura U- pland cotton Gossypium mexicanum.goa, 23,297 G max.goa, and 388,940,
B napus Rape.goa, respectively. Normalized Spectral Abundance Factors (NSAFs) of the GO
terms in each of the three branches (molecular function, biclogical process, and cellular
component) were averaged between three technical replicates for each OPI and vsed for GO
representation. These NSAFs were calculated as described previously [26,27].

[06101] Statistical Analysis

60162} GraphPad Prism 9.0 software (San Diego, CA, USA) was used to perform all
statistical tests. Specifically, for short-term growth studies, multiple t-tests were performed
between B8 controls and optimal OPI- supplemented media, and between optimal OPL-
supplemented media and Beefv-9 controls. A Bonferroni correction was used to adiust for two
comparisons (adjusted « 0.025). For short-term growth studies be- tween different lots of rapesesd
protein cakes, multiple t-tests were performed where, for each lot of RPI, tests were performed
between BE controls and media supplemented at 0.2 mg/ml., and between the two different lots of
RPI at 0.2 mg/mL. Bonferroni corrections were used to adjust for two comparisons {i = 0.025).
For muiti-passage analyses with SpCy Ly primary BSCs, two-way ANOVA was performed along
with a Tukey’s H8D post-hoc test between all samples of a certain timepoint, and statistical
significance was indicated for comparisons at the final timepoint only (FIG. 3a) or for comparisons
at all timepoints (FIG. 3b). For gPCR studies, two-way ANOVA was performed with a Tukey’s
HSD post-hoc test between all samples of a certain group (Pro. Or Diff), and statistical
significance was indicated (F1G. 4aj for all comparisons. For fusion index studies, a one-way

ANOVA was performed along with a Tukey’s HSD post-hoc test between samples (15 images per
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condition, except in the case where imaging artifacts clearly impacted image quality), and
statistical significance was indicated (FIG. 4¢) for all comparisons. P values < (.05 were treated
as statistically significant, and all errors are given as = standard deviation.

[60103] RESULTS

100104} Alkadi extraction of protein meals enables simple ond low-cost generation of
protein isolates

[66105] Onlseed protein isolates {OPls) from four sources were used in this study: Inca
peanut {(Plukenctia volubilis}, soybean (Glveine mux), rapeseed (Brassica napus), and cottonseed
{Gossypium fursuium). OPIs were pre- pared using the same methods for each source, and involved
alkali extraction (pH 12.5), iscelectric precipitation {pH 4.5), centrifugation (45,000 g), and
filtration {3 kDa). This resulted in Inca peanut protein isolate (IPPI), soy protein isolate (SPI,
rapeseed protein isolate (RPI), and cottonseed protein isolate {CPI). The isolates were either clear
in color (IPP and SPI} or reddish brown (RPI and CPI) and were slightly viscous (FIG. 1a).
[60105] Following extraction, OPI vields were analyzed against starting material weight to
reveal isolation vields of 6.5 g/ke, 188 g/kg, 39 g/kg, and &5 g/kg for IPPL SPL RPY and CP,
respectively (FIG. 1b). Tris likely that optimizing extraction methods could enhance yields. Indeed,
numerous studies have shown how changing protein meal preparation, defatiing procedure, alkali
extraction pH, isoelectric precipitation pH, ultrafiltration molecular weight cutoff, and other
metrics can affect isolate vields and compositions [21,23,29-31]. As pertinent examples, studies
with rapeseed protein isolates have shown significant yield improvements by precipitating proteins
at higher temperature (50 °C) as opposed to room temperature used in this study, or via sequential
150~ electiic precipitation steps {32,331 NS4Fy = 2 n (SpCiLi)

[80197] Similarty, studies with soy protein isolates bave shown improved vields of
physiologically-soluble proteins by precipitating at a pH of 5.5, rather than 4.5 used in this study
[34] where N is the protein index, SpCy is the spectral count associated with protein &V, Ly 18 the
amino acid length of protein N, and # is the total number of proteins assessed for a given OPL In
other words, NSAFy represents the Spectral count of protein N divided by the length of protein &,
normalized to the sum of all SpC/L for all proteins.

{60108} The mass spectrometry proteomics data have been deposited to the
ProteomeXchange Consortium via the PRIDE [28] partner reposttory with the dataset identifier

PXDO36518.

~33-
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[G0109] Finally, studies with cotionseed protein isolates have shown increased vields with
a 90 min extraction as compared with the 60 min used in this study 30. These and other changes
can be explored o optimize protein yields, as well as exploring wholly other advanced methods
of protein isolate preparation [35] While the Inca peanut protein powder was originally produced
for food and therefore relatively expensive (827.6/kg), the three other protein meals were the
byproduct of food oil production and are therefore attainable at low cost {(fess than $0.4/kg}. The
annual global supply of soybean meal, rapeseed meal, and cottonseed meal is 3,060, 509, and 187
million metric tons, respectively [36]. From measured yields (FIG. 1b), raw-material input cosis
of OPIs for IPPL, 8P, CPL and RPI were $4255/kg, $1.75/kg, $6.10/kg, and $3.21/kg, respectively.
These calculations do not include processing costs {e.g,, solutions, electricity, filters, etc.}, and so
real-world cost-of-goods would be higher; however, even accounting for processing expenses, the
costs of SPI, RPY, and CPI are likely to be orders of magnitude lower than the cost of recombinant
albumin available today, which is around $45,000/kg (Cellastim 8, InVitria). This suggests that
{PlIs could be affordable albumin aliernatives. There is also likely room for process optimization
to reduce costs further.

[66116] Finally, following protein isolation, basic characterization was performed via SDS-
PAGE (FIG. 1c). The results showed heterogeneous mixtures of proteins which were <75 kDa for
all OPIs. SPI and CPI showed higher levels of large proteins (>37 kDa), while the majority of
proteins in PPl and RPI were <37 kDda. Observed proteins likely correspond with fractions of
various albumins and globulins, which are the largest fractions of seed storage proteins, and which
exist in the size ranges observed [23,37-41]. Specifically, albumins from OPIs exist around ~25—
35 kDa for inca peanut [37], ~20-35 kDa for soybean [42], ~10-20 ki2a for cottonseed [431, and
~10-15 kida for rapeseed {291 Globuling from these seed proteins exist around ~10-40 kida for
inca peanut [23], ~20-70 kDa for soybean [44], ~20-60 kDa for cottonseed [43], and ~15-50 kDa
for rapeseed[29]. Ultimately, these results point towards heterogeneous and varied mixtures of

proteins in all four OPls.

j80111] Uilseed provein isolotes can replace albumin in serum-free media for shori-term
growih
{60112} The bovine satellite cells (BSCs) used for this work have been extensively

characterized and validated in previous studies [7,45]. To test the ability of OPIs to replace albumin

i serum-free media, BSCs were cultured fq{_ four days in either B8 without supplementation, B8

34
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with (P supplementation at a range of concentrations, or Beefy-9 (BS 0.8 mg/mL recombinant
albumin). The results showed that SPL CPI, and RPI significantly improved cell growth corapared
with BS, while IPPI did not (FIG. 2a). Here, both SPI and RPI performed better than CPL, while
RPIat 0.4 mg/mL performed the best of all supplements and completely recovered the efficacy of
albumin (1.15-fold efficacy compared with Beefy-2). From these results, a new medium termed
Beefy-R was established which comprises B8 with 0.4 mg/mL R¥FIL Celis in Beefy-R showed no
morphological differences from those in Beefy-9 (FIG. 1h). Interestingly, all GPls showed growth
inhibition at higher concentrations. This i1s in contrast to recombinant albumin, which did not
exhibit inhibitory effects during the development of Beefy-9 {7]. This suggests that there exists
some other growth-inhibiting or cytotoxic component(s) of OPls which negatively affect cell
growth above a threshold concentration. Future work to identify and remove these inhibitory
components would be valuabie for OPI optimization.

100113} To briefly explore how extraction methods impact RPI's efficacy, isolates were
prepared using altered methods, including pre-extraction hexane defatiing, increased salt
concentrations, and protein extraction with or without an overnight incubation at 4 °C before final
concentration steps. No significant difference was seen between optimum concentrations of the
various methods (FIG. 7), and so the original method was used. To compare the efficacy of RPI
with other potential albumin alternatives, short-term experiments were performed using B3
supplemented with candidates which had previously been demonstrated as albumin alternatives in
ather culture systems, including cvclodextring [46,47], off-the-shelf plant protein hydrolysates
481, and molecular crowders [49]. None of these proved effective at the concentrations tested

(FIG. 8), suggesiing the unique potential of RPI in serum-free BSC culture.

[60114] Beefi-B supports enhanced mulfi-passage expansion of BSCs compared with
Beefy-9
[60115] Following short-term studies, multi-passage growth was assessed for BSCs in

Beefy-R, Beefy-9, and 3 serum-containing medium (BSC-GM) (FIG. 3). For BSC-GM, plates
were coated with 0.25 ng/em” of recombinant laminin, while for Beefy-9 and Beefy-R, plates were
coated with 1.5 ug/om? of recombinant vitronectin, as determined during the development of
Beefy-9. Similatly, as determined during Beefy-9 development, albumin and RPI were withheld
from the media while seeding each passage and were added only after cells had attached to the

plates overnight [7]. The results showed that Beefy-R improved growth compared with Beefy-9
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over four passages (FIG. 3a). Indeed, cells grown in Beefy-R achieved 11.7 population doublings
over thirteen days compared with 10.6 doublings for Beefy-9. Thus, twice as many cells grew over
two weeks when albumin was replaced with RPL However, neither serum-free media promoted
growth equivalent to 20% FBS (14.8 population doublings), suggesting further optimization is
required.

[60116] Comparing growth rates over four passages, the average population doubling times
for Beefy-R, Beefy-Q, and BSC-GM were 26.6, 30.2, and 21.3 h, respectively. While all media
showed an increase in doubling time with increased passage number, Beefv-R showed slower
doubling rate deterioration than Beefy-9, though faster than BSC-GM. Together, these results
showed that Beefy-R improved growth over Beefy-9, though not to the degree of BSC-GM. This
suggests that RPI offers enhanced functionality over albumin, but that further media optimization

work is stifl required.

00117 Beefy-R maintains BSC identity and myogenicity during culture
] | ] Y YO8 ] &
[60118] BSCs cultured in various media were subjected to a range of analyses of both

2

proliferating cells (70% confluency) and cells differentiated in a previously described serum-free
differentiation medium [50]. First, quantitative PCR (qPCR)} was performed to assess expression
of four genes: the sateliite cell marker Paired-box 3 (Pax3), the myogenic commitment marker
Myoblast Determination Protein 1 (MyoD), the early differentiation marker Myogenin, and the
terminal differentiation marker Myosin Heavy Chain (MHC) (FIG. 4a). For proliferating cells,
notable differences between serum-free and serum-containing conditions existed for MyoD and
Myogenin, Specifically, BSC-GM cells showed a significant (~10-fold) increase in MyoD
compared with Beefy-R or Beefy-9, and a significant {(~6-fold} decrease in Myogenin.

[00118) These results suggest that BRC-GM maintained an earlier muscle phenotype than
Beety-R or Beefy-9. For differentiating cells, notable differences existed for Myogenin and MHC,
where both serum-free media showed a significant {~3 5-fold) increase in Myogenin, and Beefy-
R showed a significant {~3-fold} increase in MHC, compared with BSC-GM. These results suggest
enhanced differentiation of celis from serum-free media, which is in Hne with their later-stage
profiferative phenotype.

[66120) Along with gPCR, immunostaining for Pax7, MyoD, and MHC was performed on
proliferative and differentiated cells. Proliferative cells showed ubiquitous expression of Pax7 and

heterogeneous expression of MyoD for all media (FIG. 4b & 9} Over 99% of cells were Pax7-

=30~
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positive in all three media, suggesting that ali could maintain satellite cell identity to a high degree
(FIG. 4c and 10). Differentiated cells showed myotube fusion and MHC staining for all media,
to assess fusion index, or the percentage of nuclel that are present in MHC -positive myotubes (FIG.
12). The results showed increased fusion index for Beefy-R and Beefy-9 compared with BSC-GM
{FIG. 4e), which supports the gPCR results. Finally, brightfield images of passage 5 cells showed
reduced lipid droplet formation in both Beefy-R and BSC-GM compared with Beefy-9 (FIG. 13},
This is notable, as abnosmal lipid accumulation was observed during the development of Beefy-9,
and so Beety-R could reduce this phenotypic aberration [7].

jon121] Together, these data revealed that RPI maintained myogenic capacity at least as
well as albumin, but that both Beefy-R and Beefy-9 resulted in a later-stage phenotype than BSC-
GM. This difference resulted in enhanced differentiation compared with BSC-GM, although this
could also mean reduced stemness and proliferative capacity over longer-term culture. Ultimately,

these results support the utility of RPLin serumn-free culture and the need for further Beefy-R roedia

optimization.
{80122} Different Iots of rapeseed protein cake veveal heterogeneily in P
[60123] Next, Beefy-R growth analysis was performed using two different lots of rapeseed

protein cakes and a previously developed immortalized bovine satellite cell (BSC) line [25]. This
was done for two reasons. The first is that significant variations in the composition of rapeseed
protein cakes can be seen across climates, regions, and even processing facilities [51,52].
Therefore, by comparing two different fots of protein cakes (from two differcnt years of rapeseed
harvest), some insight can be gained RPI variations from different sources. The second reason is
that, as seen in FIG. 3, cell growth of primary BSCs begins to slow down at higher passages. One
likely explanation for this is cell senescence; however, it is necessary to test Beefy-R with
immortalized cells to venify this. Additionally, by testing Beefy-R with iBSCs, longer studies are
possible which can help to highlight differences between media by compounding those differences
over long-term growth,

60124} To perform this study, preliminary short-term screens were first performed as
before, using newly prepared RPI from Lot #1 of rapeseed protein cakes (the same lot used in
earlier parts of this study and comprised of rapeseed sourced in 2021) and RPI prepared from Lot

#2 of rapeseed protein cakes (comprised of rapeseed sourced in 2022). The results showed that

~37-
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RPI from Lot #2 induced relatively less cell growth compared with RPI from Lot #1 (FIG. 5a).
The resulis also showed that, while 0.4 mg/ml remained optimal for Lot #1, 0.2 mg/mL was
optimal for Lot #2. Because of this, 0.2 mg/ml was used to generate Beefy-R for long term iBSC
growth analysis in order to directly compare the two sources of RPL The results from this study
showed that both Lot #1 and Lot #2 of RPI promoted continuous growth over ~1 month, with no
clear slow-down at higher passages (FIG. 5b). Results also showed that iBSCs grew faster in Lot
#1 of Beefy-R, compared with Lot #2. Specifically, cells in Lot #1 of Beefy-R grew at a
comparable rate to Beefy-9, while cells in Lot #2 of Beefv-R experienced ~3 fewer doublings over
the duration of the experiment {(FIG. 5). Together, these results show that Beety-R is effective for
fong-term culture of immortalized bovine satellite cells, but that different lots of rapeseed protein
cakes show varying efficacy. While both preparations of Beefy-R supported long-term cell growth,
this variation could have substantial impacts on cultured meat production when compounded at
scale. As such, future work should focus on optimizing RPI preparation to account for and

minimize batch- to-batch variahility between protein isolates.

{60125} Proteomic analysis reveals differences between OPI composition
{80126} Proteomic and Gene Ontology (GO) analyses were performed on OPIs that

improved growth {CPL, SPI and RPL-Lot #1). Identified proteins were weighted by Normalized
Spectral Abundance Factor (NSAF) and categorized by biclogical process, cellular component,
and molecular function. The results showed that, while all OPls differed, 8P and RPI were more
similar to each other than to CPIL For instance, looking at biclogical processes (FIG. 6a), both SPI
and RPI had s higher prevalence of protewns involved in celfular processes and wmetabolic
processes. Looking at cellular components (FIG. 6b), SPI and RP1 had a higher prevalence of
cytoplasmic proteius, while CPI had a substantially higher prevalence of merbrane proteins,
Finally, looking at molecular functions (FIG. 6¢), SP1 and RP1 had a higher prevalence of binding
and catalytic proteins, while CPI had a higher prevalence of nutrient reservoir proteins. It is
possible that the enhanced efficacy of SPI and RPY is atiributable to these trends in composition.

80127} Looking more closely at protein composition, relative abundance of specific
proteins was assessed through the calculation of Normalized Spectral Abundance Factor {(INSAF),
which provides a relative measure of protein abundance for a given OPI [26,27]. Results revealed
the most prevalent proteins in all three OPIs (Table 2-3). For RPY, the most prevalent protein was

Napin, a 28 albumin which comprised ~6% of proteins, according to NSAF. For SPL the most
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prevalent protein was trypsin inhibitor A, which comprised ~6% of proteins, according to NSAF.
For CP, the most prevalent was Legumin A, an 1185 globulin which comprised ~20% of proteins,
according to NSAF. Overall, RPI had the highest relative abundance of albumins (10.68%) with
the lowest relative abundance of globulins (10.1%). This is in comparison with 4.24% albumins
and 33.02% globulins for SPL, and 6.02% albumins and 53.88% globulins for CPL These results
correspond with SDS-Page results in FIG. 1, which suggested predominantly albumins and
giobulins for OPIs. RPI also showed a relatively high abundance of oil body-associated proteins
{(OBAPs) and oleosins, while $P1and CP1 both showed relatively high levels of late embryogenesis
abundant proteins (LEAs).

[60128]) Table 2. Relative abundance of the most prevalent proteins in RPL SPI and
CPI (determined from Normalized Spectral Abundance Factor, NSAF), as well as relative

abundance of total albumins and globuling in these OPls.

Suvhean Couopsaed

[60129) Table 3. Protein abundance
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Protein family Accession Description Avg NSAF |Sude

25 secd storage albuming familv Nagin {embryo-specific) 40558 LA
DBAP family O body-associated peotein 24 00277 4805
113 seed storage profein {globulins} family Cruciferin CRUY 0.5226 0.3008
25 seed stovage albumins Tamily ARANTEH4DE  [Napin-?d 0.0224 0.8808
115 seed sforage prolein {glabuling) family ASADTEGHDY  |Crucifeda CHU4 0.8218 0.4013
OBAF family AGADTEFASY |0 body-asaociated protein 18 08208 0.4007
115 seed sterage protein {giobulins) family |A0AITEGASE | Crucifesin BnCt 49184 04008
o Jacalin bectin famiby ARALTBISWE  |Iacalin-related lechin 38 9180 9881
o Plant dehydrin family Behydrin 38157 0.802%
v (115 seed storage profein {giobuling) family 125 seed storage profein CRD D.8153 04010
& J-oxoacylacyh-canterproteind reductase  |0.8135 05002
@ 25 seed stovage albumins famiy 5 Kapin-14-8ke 0.3134 0.4915
25 seed stovage albumins family ASAQTEISRT  |Magin-B-fike 0.5124 0.5002
ASANTEIS3S  |Kunilz typsin inhibitor 4-ike B85 Q.5008
dacalin fectin family ASATTEISKS  |Jdacalin-refaled loctin LEREREES 0.4003

Sum of top 15 proteins {NSAF} £.3018

atbuming Total albumins {25; all proteins} 81068

Total 72 globulins (3l proteins) 0.5088

globuling Total 113 globuling 2% peoteins} 81018

Total globulins {75 & 115 all proteins]  |8.1018
Protease inhibitor I3 leguminous Kunitzy  |PSIITR Trypsin inhititor A 0.0587 0.4808
78 seed storage protein family PSOGHS Beta-conglycinin alpha subunit { 306532 04608
75 seed storage profein famify NI Beta-conglyoinin beis subunit 2 8458 Q4812
118 seed storage protein {globuling} family |PR4405 Glyeinin G2 00453 0. $G08
115 seed storage protein {gichudins) family PR4TIE Glycinin 51 40433 04314
115 seed storage protein {globuling] family ARAIRDGUMYY |Glycinin 135 8421 [EEEER]
113 seed storage profein fgiohuline family [PH285S Glycinin G4 5.9407 880048
73 seed stovage protein family P11827 Beta-conghecindy aipha prime subunit 0.5374 05007
5 25 sead stovage albumins famiy P19554 25 albuwin B.0278 04002
& 1118 seed storage pretein iglobuling} family |[P11828 Glyeinin G3 08224 048604
I |Peptidase C1 famiy 064458 F34 probakde thiod protease &.6162 94007
w |Leguminous lectin family PRED46 t ectin 45150 Q4807
25 seed sterage albumins family QOINIZL Napin-tyee 23 albumin 1 precurser 40188 04092
Swaall heat shock protain HEP20) family  |QSXETS Sead maturation proteln PM3T 9145 a 4007
Lipoxygenase family B3ITOKE Lipoxygenase-3 G.8145 4400

Sum of top 15 proteins {NSAF) B.4535

atbumins Total albumins {25; all proteins) B.0424

Total 75 globulins {al proteins) 31364

ghobuling Total 115 glohulins ¥ proteins) 5.15938

Total globulins {75 & 115; all proteins) 83382
118 seed storage protein {globulins) family |SOATUBKKKY  |Leguwin S-fke 42041 0.0848
73 seed storage profein famiy ARATUBLEDG [Vicilin BCT2-A 11723 0.9826
118 seed storage profein {globulins) family ASATUEKAEY |Eecumlp B-ike 51623 0.3062
Srnall hydrophiiic plant seed profein fandly |QEIWIY [ae embryogenesis abundant protein B-19|8.5934 0.5547
Q03751 Embryogenesis shundant profein R.8478 .66
ASATUBLIXE  |Viclin Plg v 3.0181-fke {8376 0.4022
25 sead stovage albumins family ASATUBPEIG |25 albuwin seed storage protein-ke 0.8363 98021
Small hydrophiiic plant seed protedn family | ASATUBNGYR |Em protein Hb-like EREN 0.43681

b Late embrvogenesis abundant grotels B-

¥ |LEA type 1 family ASAIUBHTY4 113 4.8288 0.6030
£ |25 seed storage albumins farmiy ASA{UBLID? |25 suMurich seed storage proteln {-ike  [88233 08813
%’ Plant dehyddn family SRATUBIYY  |Eate embirvogenesis abundant protein B-11|0.0188 28813
3] ASATUEKSGD  |Uncharactedzed proteis LOCIETE13263  |0.0184 £.4034
EEA tepe SMF family ASAIUELMS  [Eale ewmbryogenesis abundant proteis B-34[0.8176 50168
Heosin family ASATUELHES | Dleosin 0.8170 £.3004
ASATLEIRCS  [late embyyogenesis abundant protein B-7 |0.5143 98812

Sum of top 15 proteins {NSAFR} 89154

Todtal albomins {28 all proteins} B.0682

Total 78 glebulins {alt proteins) BT

Total 115 lobuline (5% proteins} B.3665

Total globudins (T8 & 115 all proteins)  |0.5388

A4
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[606130] The increased concentration of 2S albumin could have had some impact on the
increased efficacy of RPI as a serumn albumin replacement in Beefy-R, though further research is
required to parse the contributions of specific proteins. Specifically, protein fractionation would
serve as a valuable next step for assessing the functional effect of certain proteins, and for
optimizing extraction methods to maximize OF] efficacy. This would also help to elucidate the
impact of different concentrations of specific protein components on cells. For instance, NSAF
data for RPI suggests that Beefy-R contains ~0.04 mg/mL of 28 albumins. This is in contrast with
Beefy-9 or BSC-GM, which contain 0.8 mg/mL of recombinant human serum albumin or ~§
mg/ml of bovine serum albumin, respectively [53]. Understanding the relative functional
contributions of specific proteins (both beneficial and growth-inhibiting) and tuning levels of those
proteins could subsiantially improve Beefy-R outcomes. This is particularly true given that 28
albumins are less similar to serum albumins than their name might imply. Indeed, while serum
albumins function to bind Hgands, fatty acids, ions, and other factors, and to maintain blood
osmolarity {54,557, 28 albumins act primarily as nutrient storage reservoirs for germinating seeds,
with some concurrent antimicrobial activity [56] As such, it might be other proteins {or
combinations of proteins} which act to replace albumin function in Beety-R, rather than just the
effect of the highly prevalent 28 albumins or globulins. For instance, oil-body associated proteins
{OBAPS) are most prevalent in RPI and could potentially offer functionality similar to serum
albumin’s fatty acid binding role [537]. Again, further fractionation and study of specific proteins
13 needed to determine which OPI proteins offer which functions, and to meximize the extraction
and utilization of those functional proteins. Finally, while NSAF is considered a suitable metric
for analyzing relative protein abundance, further guantitative assessments should be performed to
better understand precise protein composition of OPlIs and help elucidate functional differences.
160131} CONCLUSIONS

{80132} Replacing recombinant albumin in serum-free media is a key priority for cultured
meat research. Specifically, due to the high concentrations of albumin required in relevant serum-
free media to-date, it is expected thai recombinant techniques——gven at their most efficient-—will
be unable to provide sufficiently affordable protein for low-cost bioprocesses [58]. 1t has therefore
been suggested that albumin alternatives are necessary to achieve economic viability at scale.

These alternatives should be effective, low-cost, scalable, food-safe, and sustainable Agricultural

4]
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byproducts offer many advantages towards achieving these goals, including the valorization of
high-volume waste streams and availability of low-cost inputs which can be processed in a simple,
food safe manner. In this work, an effective serum-free medium (termed Beefy-R) was developed
as validation of the efficacy of non-hydrolyzed oilseed protein isolates (particularly rapeseed
protein tsolate) as effective albumin alternatives. RPIis easy to produce through simple and low-

cost steps and was also shown to exceed albumin in promoting BSC growth while maintaining

myogenicity.
{80133} While determining total cost-ofgoods of RPY at scale {including processing such

as electricity, filtration, chemicals, and waste management) is outside the scope of this work, the
fow cost of input materials and simplicity/scalability of extraction and processing should resultin
a highly affordabie media component. Specifically, the cost of input material (rapeseed protein
cakes) required to make enough RPI for T L of Beefv-R at 0.4 mg/mL of RPI 13 $0.002. The real-
world cost contribution will be higher in practice, once processing costs are factored in; however,
they will likely still be orders of magnitude lower than recombinant albumin’s cost contribution to
Beefy-9, which is approximately $24.56 per liter when purchasing from available suppliers {7].

[80134] After overcoming the high cost of recombinant albumin with RPL, FGF-2 remains
a key cost contributor in Beefy-R. Here, price is driven by the currently high cost of FGF-2, rather
than the concentration used (40 ng/mL}. As such, itis likely that process scale-up can drive down
costs substantially. Methods to optimize and enhance growth factors or overcome their
requirement in cell culture could also reduce these costs [8,59-62] Additionally, during Beefy-9
development, it was shown that fowering the concentration of FGF-2 to § ng/mlL did not drasticaily
recent studies bave shown robust BSC growth in serum-free media containing reduced insulin
{50%% that of Beefy-9), reduced FGF-2 (25% that of Beety-9}, and reduced transferrin (27.5% that
of Beefy-9) [631 Thus, reducing these components could be explored to optimize Beefy-R.
Finally, it should be noted that the protein isolation process used in this work leaves behind a
number of proteins that are insoluble at physiological pH, and which could themselves be useful
byproducts for the production of rescurces such as scaffolds. For instance, soy protein isolates
have been used to form various scaffolds for culturing BSCs for cultured meat [64,65] It is
possible that similar scaffolds could be generated using the rapeseed protein fraction which

remains after the steps used in this study, thereby reducing the cost of RPI by valorizing the unused
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portion.

[80133] From a consumer and regulatory standpoint, several features of RPI should be
considered and studied prior to implementation in cultured meat development. Specifically, the
food-safety of RPI must be validated as appropriate for cultured meat production [66]. Indeed,
rapeseed protein meal is typically used as animal feed or fertilizer, and so does not have the same
quality control requirements that should be established for cultured meat. Possible hazards include
contaminating microorganisms that must be removed to use RPI for culture media. In this study,
filtration was used to sterilize RPIL however, other methods might be required at scale.
Additionally, oilseed proteins can be allergenic for some consumers, including 28 albumins and
118 globulins prevalent in OPIs {67} Further characterization should therefore be performed to
determine the allergenicity of OPls, and whether or not any allergens are incorporated into a final
meat product that uses cells which were expanded with Beefy-R. Finally, the sustainability and
scalability of RPI and other OPIs should be validated through dedicated techno-economic and life-
cycle analyses, in order 1o ensure that this technology contributes positively to cultured meat’s
impact on our food system {751

[80136] Further, while this work confirms the utility of RPI as an albumin alternative,
substantial future work should be pursued to further explore OPIs and other plant protein extracts.
This could include fractionating OPIs to identify functional constituents, optimizing methods to
maximize yields and efficacy, establishing methods to minimize baich-to- batch variability,
exploring other oilseeds and agricultural waste streams for functional components, and optimizing
other media com- ponents for enhanced growth and differentiation [63,68]. Additionally, future
work could explore plant protein extracts as alternatives for other costly recombinant proteins,
such as insolin and transferrin, and for other cell types, such as preadipocytes and 1PSCs. Here,
computational methods can be leveraged to identify additional low-cost inputs {e.g., functional
protein fractions) and optimize media formulations [69,70]. Finally, when considering RPI's
demonsirated efficacy and potential future work, it is imporiant to note the substantial body of
work that exists exploring albumin alternatives for various applications. In this study, a number of
these other alternatives were explored, including cyclodextrins (which have been demonstrated as
effective albumin alternatives for lympheeytes) [47], hydrolysates from sov, wheat, and yeast
{which have been demonstrated as albumin alternatives for kidoey cell culture, albumin

alternatives for in vitro embryo maintenance, and serum-free media additives for CHO cells,
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respectively}{ 12, 48, 71}, and molecular crowding agents {dextran and polyethylene glycol}, as
crowding 1s thought to be a potential source of the beneficial effects of albumin at high

concentrations [491 While none of these additives effectively substituted albumin in Beefy-9 for

BSCs, it1s possible that combinations of OPls with these other factors could have beneficial effects
on cell culture outcomes. Similarly, other albumin alternatives could be explored in conjunction
with Beefy-R, including rapeseed protein hydrolysates, pea and chickpea albumin analogues,
emulsifiers such as methyleellulose, or fatty acid-binding proteins such as beta-lactoglobulin, all
of which have been explored previously as albumin alternatives in cell culture applications [10,72~
741

[06137] in summary, the present work validates the utility of OPIs, particularly RPL in
replacing albumin in serum-free media for BSCs. The resulting media, Beety-R, enhanced celi
growth compared with albumin- containing Beefy-9 while reducing costs and maintaining satellite
cell phenotype and myogenicity. Protein analysis of OPls revealed compositional differences
which likely correlate with functional disparities. While substantial opportunities for further
research and optimization exist, this work addresses a key challenge facing cultured meat
development and lays a foundation for achieving cost-effective serum-free media formulations,
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[66214] Example 3: Plant proteins in media development for mackerel cells

j60215] The inventors tested several candidates of protein sources that have been
reported to contain high content of soluble proteins (albumins) as reported by Loveday
{2019} using dsDINA quantification. The testing process proceeded as follows: First, test each
protein isolate one by one, and second, combine the protein isolate with other components
{e.g. insulin, selenium, growth factors, lipids, etc) to see if the isclate can replace with
albumins.

[60216) Here, the inventors tested the ability of rapeseed protein isolate (RPI) to replace

fetal bovine serum (FBS} in media for growing Mack? and low serum {(L.S) adapted Mack1 cells.

j86217) EXPERIMENT SETUP
[66213] Routine cell culture
60219} Cells were seeded in Leibovitz’s L-15 medium (11415064, Thermo Fisher

Scientific, Waltham, MA, USA) with 20% fetal bovine serum (FBS) (26140079, Thermo Fisher
Scientificy, 20 mM HEPES (H4034, Sigma Aldrich, St. Louis, MO, USA} buffer solution (pH 7.4},
1% Antibiotic-Antimycotic (1540062, Thermo Fisher Scientific), | ng/mL recombinant human
fibroblast growth facior (FGF-basic 154 a.a., 100-18B, PeproTech, Cranbury, NI, USA), and 10
ug/ml gentamicin (G1397, Sigma Aldrich). The cells were incubated at 27 °C without CO: and

detached for subculiure using 0.05% irypsin-EDTA (25300054, Thermo Fisher Scientific) when
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they reached 70~80% confluency.

[60220] Fxperimental design
1006221} Mack1 (available through Kerafast, #ETUOC8-FP) or low serum {L8) adapted

Macki {cultured in 7.5% FBS containing media over multiple passages) cells were seeded at
2,500/cm? in the growth media (either 20 or 7.5% FBS, respectively) and incubated for 3 h to let
them adhere. The old media was replaced with serum-free media (that contain every component
in the growth media except FBS) supplemented with protein isclates. After 3 d incubation, every
well was washed once with PBS, aspirated, and stored at -80 °C for dsDNA quantification via
fluorescence {i.e., fluorescence as a proxy for dsDNA quantification as a proxy for cell
proliferation as a proxy for cell quantification). Quantification was performed using CyQUANT

cell proliferation assay (C7026, Thermo Fisher Scientific) according to the manufacturer’s

tnstructions,
160222] Statisticad analysis
[60223]) One~way ANOVA with Bonferroni’s multiple comparisons test (adjusted =005}

was performed using Prism 9.0 software (GraphPad, San Diego, CA, UUSA). P<0.05 were treated
as statistically significant, and all errors are given as meanststandard deviation (n=3}.

j66224) RESULTS

[80225] We show here that RPI can be a sufficient substitute for FBS in both Mack 1 (FIG.
14A) and LS adapted Mackl (FIG. 148} cells. After 3 days of incubation in FBS or RPI-
supplemented media, cell viability/proliferation recovered for both types of cells when
supplemented with 1.0 mg/rl, RPLsupplemented media.

06226) REFERENCES

Loveday SM. Food Proteins Technological, Nutritional, and Sustainability Attributes of
Traditional and Emerging Proteins. Annu Rev Food Sci Technol. 2019 Mar 25;10:311-339. dot:
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CLAIMS

We claim:

i

()

A serum-free cell culture media for expansion of cells, the media comprising:
a basal culture media; and
a plant protein composition at a final concentration of ¢.05 g/L to 50 g/L in the serum-free
cell culture media,
wherein the plant protein composition comprises unhydrolyzed plant proteins, and
wherein the serum-free cell culture media is free or substantially free of albumin.
A serum-free cell culture media for expansion of cells, the media comprising:
a basal culture media; and
a plant protein composition at a final concentration of .05 g/l 1o 1 ¢/L in the serum-free
cell culture media,
wherein the plant protein composition comprises a majority of plant proteins that are 3 kDa
or greater in size,
wherein the serum-free cell culture media is free or substantially free of albumin.
The serum-free cell culture media of claim 1 or 2, wherein the plant protein composition was
not treated with a hydrolyiic enzyme.
The serum-free cell culture media of claim 2 or 3, wherein at least about 70% or 75% of the
plant proteins are 10 kDa or greater in size,
The serum-free cell culture media of any one of the preceding claims, wherein the plant
protetn composition comprises protein from a plant selected from the group consisting of
oilseed crops, non-oilseed oil crops, legumes, pulses, and combinations thereof.
The serum-~free cell culture media of claim 5, wherein the plant protein composition
comprises protein from an oilseed crop.
The serum-free cell culture media of any one of claims 1-4, wherein the plant protein
composition comprises protein from rapeseed, soybean, sunflower seed, sesame seed, flax
seed, camelina, safflower, Hnseed, grapeseed, pumpkin seed, poppyseed, watermelon seed,
and combinations thereot.
The serum-free cell culture media of claim 1 or 2, wherein the plant protein composition

comprises protein from rapeseed.
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The serum-free cell culture media of claim 5, wherein the plant protein composition
cormprises protein from a non-oilseed oil crop.
The serum-free cell culture media of claim 9, wherein the plant protein composition
comprises protein from palm kemel, coconut, olive, corn, hemp, almond, cashew, and
combinations thereof
The serum-free cell culture media of claim 10, wherein the plant protein composition
comprises protein from pea, chickpea, fava bean, lentil, lupin, ima bean, mung bean, navy
bean, Bambara bean, mesquite bean, mucuna bean, pigeon pea, potato bean, yam bean, and
combinations thereof.
The serum-free cell culture media of any one of the preceding claims, wherein the basal
culture media comprises:

one of more sugars at a concentration of between 6.01 g/t and 10 271,

one or more amino acids at a concentration of between 0.001 g/L and 5 g/L;

one or more vitamins at a concentration of between 0.001 g/l and 1 g/L;

one or more trace elements at a concentration of between 0.0001 mg/L and 10 mg/L;

one or more growth-stimulating and/or celi-signaling factors at a concentration of between

{0 ng/mL and 100,000 ng/mL; and

one or more transport proteins at a concentration of between 0 g/L and 1 g/l
The serum-free cell culture media of any one of the preceding claims, further comprising one
or more of the following

recombinant interleukin 6;

ethanolamine;

CUrCUInig;

oleic acid;

minerals;

hepatocyte growth factor (HGF);

insulin-like growth factor 1 (IGF-1);

platelet-derived growth factor BB (PDBGF-BB), and/or

linoleic acid.
The serum-free cell culture media of claim 13, comprising minerals at a concentration of

between 0 g/l and 15 g/I..
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15, The serum-free cell culture media of any one of the preceding claims, wherein the plant
protein composition is present at a concentration of at least 50 mg/l, at least 100 mg/l, at
least 200 mg/l., at least 250 mg/L, at least 30¢ mg/L, at least 750 mg/L, at least 1 g/L, or at
most SO g/L, at most 25 g/L, at most 15 g/L, atmost 10 /L, at most 5 g/L, at most 2 g/L, at most 1.5
g/L, and at most 1 g/l or any range between these concentrations.

16.  The serum-free cell culture media of any one of the preceding claims, wherein the plant
protein composition is present at a concentration of about 200 mg/L to about 400 mg/T..

17, The serum-free cell culture media of any one of the preceding claims, further comprising a
recombinant version of interfeukin 6.

18 The serum-free cell culture media of any one of the preceding claims, further comprising
ethanolamine.

19 The serum-free cell culture media of any one of the preceding claims, further comprising
curcumin.

20. The serum-free cell culture media of any one of the preceding claims, further comprising
oleic acid.

21, The serum-free cell culture media of any one of the preceding claims, further comprising
linoleic acid.

22 The serum-free cell culture media of any one of the preceding claims, wherein the basal
culture media is B8 media.

23. The serum-free cell cuiture media of any one of the preceding claims, wherein the basal
culture media is selected from the group comprising Dulbecco's Modified Eagle Medium
(DMEM), Ham's F12 media, Roswell Park Memorial Iostitute (RPMI} 1640 media,
Letbovitz's L15 and a mixture thereof.

24, The serum-free cell culture media of any one of the preceding claims, further comprising 2-
Phospho-L-ascorbic acid trisodium salt, insulin, Transferrin, sodium selenite, fibroblast

growth factor 2, Neregulin 1, transforming growth factor beta 3, and/or mixtures thereof

b
(S

The scrum-free cell culture media of claim 24, wherein insulin, fibroblast growth factor 2,
Neregulin 1, and transforming growth factor beta 3 are present at concentrations less than or
equal to 10 pg/mb, 20 ng/mL, 0.1 ng/ml, and 0.1 ng/mL, respectively.

26.  The serum-free cell culture media of any one of the preceding claims, wherein albumin is

present in an amount equal to or less than 0.1g/L.
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The serum-free cell culture media of any one of the preceding claims, wherein the serum-
free cell culture media contains no ammal-derived components.

The serum-free cell culture media of any one of the preceding claims, wherein the serum-
free cell culture media includes recombinantly derived animal proteins.

The serum-free cell culture media of any one of the preceding claims, wherein the serum-
free cell culture media is food-grade.

A method of making a serum-free cell culture media, the rmethod comprising adding a plant
protein composition at a final concentration of 0.05 g/l to 50 g/L in the serum-free cell
culture media to a basal culture media, thereby producing the serum-free cell culture media.
The method of claim 30, wherein the serum-free cell culture media, the plant protein
composttion, and the basal culture media are as defined in any one of claims 1 to 29,

The method of claim 30 or 31, whergin the plant protein composition was prepared by alkali
extraction followed by acid precipitation from an aqueous solution of a ground plant material.
The method of claim 32, wherein the ground plant material is defatted or partially defatied

prior to preparation of the plant protein composition.



