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(8) Data and Information Confidentiality Statement

None of the data and information in the GRAS notice are exempt from disclosure under the
Freedom of Information Act, 5 U.S.C. 552.

(9) GRAS Certification

To the best of our knowledge, this GRAS notice for Saccharomyces cerevisiae OYR-481 and its use
in fermentation of alcoholic beverages in accordance with Good Manufacturing practices (cGMP)
is a complete, representative and balanced submission that includes both favorable and
unfavorable information known to Omega Yeast Labs, LLC and pertinent to the evaluation of the
safety and GRAS status of the use of the strain. Recent reviews of the scientific literature revealed
no potential adverse health concerns.

(10) Name/Position of Notifier

2 /is /2029

Lance Shaner, Ph.D. ‘Date
Co-owner and Founder
Omega Yeast Labs, LLC












strategy, repair of the ade2 locus, an ade2 repair sgRNA targeted the disruption scar. This
sgRNA was screened for off target sites, and confirmed that it does not target any other
site in the S. cerevisiae genome. The repair template for this disruption included the native
ADE2 promoter/start region to repair the ade2 locus, as well as the aldB gene expression
cassette (1965 bp total). The resulting modification included the insertion of the a/dB gene
cassette 602 bp upstream of the ADE2 start codon (Figure 1C). The second step, was
confirmed by a return to white colony color indicating repair of the ADE2 gene, as well as
PCR and sequencing confirmation for the specific insertion of the a/dB gene cassette.

Figure 1: Schematic of the modifications resulting from the CRISPR-cas9. A. Native ADE2
locus. B. Resulting ade2 disruption from step one of the CRISPR-cas9 strategy. B. Resulting
aldB-ADE2 repair resulting from step two fo the CRISPR-cas9 stragety.

A. Native ADEZ Locus .
+600 bp ADE?Z disrupt sSgRNA

ATG

B. ade2 Disruption adt_ez repair sgRNA

C. aldB-ADE2 Repair +600 bp

ATG

No genes encoding virulence factors, toxins or enzymes involved in the synthesis of
mycotoxins, or any other toxic substances are expected based on our knowledge of these
strains, the aldB sequence, the native promoter and terminators, and the combination
used in the aldB expression cassette. The nucleotide sequences of the insertion sites and
flanking regions were examined for potential open reading frames. Nineteen open reading
fromes were identified (NCBI ORF finder). A bioinformatics search of the 19 potential open
reading frames spanning the site of insertion (ADE2) and the inserted DNA (aldB expression
cassette) was performed with NCBI BLASTp (http://www.ncbi.nlm.nih.gov/BLAST/) on
January 22", 2024. The criteria used for BLASTp were default parameters: BLOSUM92
scoring matrix, Word size 5, Expect value 0.05, hitlist 100, Gapcosts 11,1, window size 40,
threshold 0. BLAST results for each of the 19 open reading frames were manually evaluated
for any suggested toxicity and a search for the word “toxin” was performed on each list of
subject proteins identified among the open reading frames. None of the similar proteins
identified of these BLAST searches were known toxins, leading us to conclude that the a/dB
cassette insertion does not raise any oral toxicity concerns.

2.4.1.2. Generating the CRISPR-Cas9 plasmids and repair templates

The final DNA constructs used for transformation of the host organism are the ADE2
disruption CRISPR plasmid, ade2 repair CRISPR plasmid, the oligonucleotide ADE2
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2.4.1.3. Detailed description of the final CRISPR plasmids and repair template

The ADE2 disruption and ade2 repair CRISPR plasmids are 10,411 bp long. The sole
difference being the sgRNA sequence cloned into the yeast shuttling vector. The sequence
contains the Cas9 ORF flanked by the ScPGK1 promoter and terminator (763-4,866 bp), the
ADE2 or ade2 sgRNA expression cassette containing the tRNA phe promoter, tRNA phe,
ADE2 or ade2 sgRNA, the G418 resistance gene for G418-selection in S. cerevisiae (6,628-
7,437 bp), the tSRN52 (5,678-5,773 bp) multi-copy selfish DNA element (7,644-8,626 bp),
the KanR gene for Kanamycin-selection in E. coli (8,684-9,499 bp), and the ColE E. coli
origin of replication (9,724-10,312 bp). The plasmid map is provided in Figure 2 above. The
ADE?2 disruption oligonucleotide contains the sequence from -657 to -599 bp in the ADE2
promoter, and 54 to 92 bp of ADE2. The ADE2-aldB repair template includes ADE2
upstream homology (1-390 bp), The aldB expression cassette (391-2,352 bp), ADE2 repair
(2,353-3,024 bp) and the ADE2 downstream homology (3,025-3,264 bp). The schematic of
the repair template containing a/dB expression cassette is provided in Figure 3 above.

2.4.2. The transformation event
2.4.2.1. Genetic material used for the transformation method
The ADE2 disruption CRISPR plasmid and ADE2 disruption oligonucleotide repair template
were the only DNA sequences used for the first step in generating ade2, resulting in easy
confirmation by red colony morphology. The ade2 repair CRISPR plasmid and aldB-ADE2
repair template were the only DNA sequences used in the second step in generating the
final OYR-481 strain with an inserted a/dB-expression cassette at the ADEZ2 locus.
2.4.2.2. Screening method for transformants
Logarithmically growing cultures of OYL-004 were transformed with 500 ng of the ADE2

disruption CRISPR plasmid and 25 pg of the ADE2 disruption oligonucleotide using standard
lithium acetate transformation protocol.!® The transformation reaction was outgrown in
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2.4.3.2. PCR to confirm the aldB-ADE2 insertion

Colony PCR of the resulting isolates was performed to amplify the insertion at ADE2. The
PCR product was predicted to be 1166 bp. Confirmation of the 1166 bp insertion is reported

in Figure 5.
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Figure 5: Colony PCR results confirming the targeted CRISPR-Cas9 editing to insert a/dB-
expression cassette at ADE2

2.4.4. Absence of difference between genetic profiles of the transformed and the host strain

The genome of S. cerevisiae contains long terminal repeat sequences known as & elements. These
6 elements are the remnants of Tyl transposon integration events. The number and location of
these 6 elements are specific to a strain and have been used to fingerprint and differentiate
between strains of S. cerevisiae. Using PCR and primers 612 (5'-TCAACAATGGAATCCCAAC-3') and
621 (5’-CATCTTAACACCGTATATGA-3) to amplify these 6 sequences, we observed identical PCR
fingerprints and have verified the genetic relationship between the host strain OYL-004 and OYR-
481 (Figure 6). This strategy is widely used to differentiate between industrial strains of S.
cerevisiae (Legras and Karst, 2003). The interdelta PCR experiments were performed after serial
passages on YPD agar plates, confirming that the genome is stable across generations.
Furthermore, the expected genotype and phenotype of OYR-481 remains unchanged when
propagated through the liquid yeast manufacturing process (Figure 7) representing greater than
30 cell divisions. The OYR-481 strain is not expected to be any more likely to undergo genomic
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Figure 7. Flow diagram of liquid yeast manufacturing. Strains are started from glycerol stocks by
streaking directly to YPD growth media plates. The YPD colonies are inoculated into the first step
up culture. After reaching saturation, this culture is inoculated into the second step up culture.
The second step up culture is grown to saturation and brought to the production facility to
inoculate the propagation tank. This large-scale propagation is the final stage. When the culture
has depleted all fermentable sugar, the temperature is lowered to 4°C and the cells are separated
through natural processes of flocculation and settling. The propagation media is decanted and the
remaining yeast cell mass is resuspended as a concentrated liquid slurry. This concentrated yeast
slurry is packaged and shipped to consumers.

2.5.2. Raw Materials

All raw materials are standard food grade ingredients used in the manufacturing of liquid brewing
yeast. These ingredients are free of the nine major food allergens as defined by the U.S. Food
Allergen Labeling and Consumer Production Act of 2004 and the Food Allergy Safety, Treatment,
Education, and Research Act of 2021. All processing aids used in the manufacture of S. cerevisiae
OYR-481 are food grade, concluded to be GRAS for their respective uses, and used in a manner
consistent with current GMPs.

Heavy metals are potential risks identified in agriculture ingredients, as well as being present in
certain water systems. Omega Yeast Labs controls these risks through cGMPs and other pre-
requisite programs, requiring suppliers for agricultural ingredients to be verified by Omega Yeast
and each lot of agricultural ingredient is accompanied by a Certificate of Analysis to be within food
grade standards for heavy metals, herein defined as < 1.0 ppm lead, < 0.5 ppm arsenic, < 0.03 ppm
cadmium, and < 10 ppm (as Pb) total heavy metals. Process water used in the facility is supplied by
the municipality of Chicago, and monitored by our facility through collecting annual water quality
reports from the city as well as submitting a process water sample to an external laboratory for
yearly analysis for total metals (lead with a limit of < 1.1 ppb and mercury with a limit of <0.22
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Table 1. Liquid yeast specifications and data for three nonconsecutive batches of OYR-481

Parameter Specification Range LC2251 LC225B LC225C
OYR-481 OYR-481 OYR-481
1/20/2022 1[30/2024 1/31/2024

Percent Yeast Solids >3% 4.36% 4.33% 5.17%

Total Viable Cells ~ >98% 100% - 99% 99%

Total Bacteria <1 per 2 x 10° yeast n.d. n.d. n.d.

cells
Total Wild Yeast <1 per 2x 10° yeast n.d. . n.d. n.d.
' | cells
Enterobacteriaceae < 10 CFU perg <10 cfu/g <10 cfu/g < 10 cfu/g
Lead | <5ppb <500ppb | <5.00ppb  <5.00ppb

n.d. not detected
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e The current US daily intake of yeast in the diet for the US population 2 years and older is as
follows: the per-capita average daily intake for yeast from all foods was 1.3 g/day (2.9
g/day, 90" percentile), and the per-user average daily intake was 1.5 g/day (3 g/day, 90"
percentile) (FDA, 2021).

e S. cerevisiae has a long history of being considered non-pathogenic. It is used in many food
manufacturing processes, including bread making, beer brewing, and grape fermentation
for wine. The FDA, EPA, and EFSA have evaluated the safety of S. cerevisiae and consider
the organism safe for use in food manufacturing. Several GRAS notifications for modified
strains of S. cerevisiae used in winemaking have been sent to FDA, and the agency has
responded that they had no further questions on the GRAS determinations.

e The body of publicly available scientific literature on the consumption and safety of S.
cerevisiae is sufficient to support the safety and GRAS determination of the proposed yeast
ingredient. Because this safety evaluation was based on generally available and widely
accepted data and information, it also satisfies the so-called “common knowledge”
element of a GRAS determination.

e The AldB enzyme from B. brevis is GRAS (GRN No. 587) and is widely used in beer
manufacturing in the form of a recombinantly expressed and purified enzyme. Beers
commercially produced with the direct addition of the AldB enzyme result in reduced
diacetyl and are otherwise indistinguishable by flavor and composition to beer produced
without AldB enzyme. The expression of the AldB enzyme in brewing yeast provides the
same results with the execption of minimal AldB enzyme remanining in the finished beer.

Determination of the safety and GRAS status of OYR-481 that is the subject of this evaluation has
been made by Omega Yeast Labs. Omega Yeast Labs has critically reviewed and evaluated the
publicly available information summarized in this document and has concluded that the yeast
ingredient, produced in a manner consistent with cGMP and meeting the specifications described
herein, is safe under its intended conditions of use.

Omega Yeast Labs further concludes that use of OYR-481 in brewing described herein is GRAS
based on scientific procedures, and that other experts qualified to assess the safety of food and
food ingredients for human consumption would concur with these conclusions.

It is also Omega Yeast Labs’ opinion that other qualified scientists reviewing the same publicly
available toxicological and safety information would reach the same conclusion. Omega Yeast Labs
has concluded that OYR-481 is GRAS under the intended conditions of use on the basis of scientific
procedures; and therefore, it is excluded from the definition of a food additive and may be
marketed and sold for its intended purpose in the U.S. without the promulgation of a food
additive regulation under Title 21 of the CFR.

Omega Yeast Labs is not aware of any information that would be inconsistent with a finding that
the proposed use of the yeast ingredient in brewing, meeting appropriate specifications, and used



according to cGMP, is GRAS. Recent reviews of the scientific literature revealed no potential
adverse health concerns.



§ 170.250 Part 7, Supporting Data and Information
The following references are all generally available, unless otherwise noted.
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Questions/Comments for GRN 001190

1. Please confirm that the intended use of S. cerevisiae “OYR-481" will be
substitutional for the use of other S. cerevisiae strains used in commercial beer
production and that its intended use is not expected to increase the dietary
exposure to S. cerevisiae.

Yes, the OYR-481 is a substitute for other S. cerevisiae strains. There will not be an increase in
dietary exposure in use cases of OYR-481 as compared to S. cerevisiae.

2. On page 22, the notifier calculated the amount of acetolactate decarboxylase
(AldB) per mL of the finished beer based on the copy number of Pgkl or the
total protein.

(a) Please specify what Pgkl stands for and explain how 7.4 x 10-14 g/cell of
AldB was calculated.

Pgk1 is the yeast 3-phosphoglycerate kinase, a key enzyme in glycolysis and glucogenesis. It is
estimated to be one of the most abundant proteins in the cell at 535389 +/- 420545
molecules/cell (Breker et. al 2013). We used 1,000,000 molecules per cell as a high estimate for
Pgkl abundance representing a theoretical example of a highly expressed protein in the cell.
The molecular weight of AldB is 31.58 kDa, which if you divide by Avogadro's number
(6.022e+23) is 5.24e-20 grams per molecule. At 1,000,000 molecules per cell, this would
equate to 5.24e-14 grams per cell. (Acknowledgement in an error where 7.4 x 10-14 g/cell was
calculated from the molecular weight of Pgkl which is 44.7 kDa rather than the AldB molecular
weight of 31.58 kDa).

(b) Please clarify what the basis is for the assumption that the maximum 5% of total
protein in a yeast cell is AldB.

The limit to the overexpression of a specific protein in a yeast cell has been estimated to be
15% of the total protein (Eguchi et al. 2018). This limit was established for multiple copy number
plasmid-based expression (100+ copies) under a strong constitutive promoter. With a low copy
number under a strong constitutive promoter, such as a gene integrated into the genome (4
copies in the OYR-481 tetraploid strain), the protein level is estimated to be 1-5%. Therefore 5%
was used as our basis for a highly expressed protein from a genomic locus, as is the case for
the AldB gene in OYR-481.

(c) Please provide full citations for Breker et al., 2013 and Siwiak and Zielenkiewicz, 2010
that are missing in Part 7 of GRN 001190.

Breker, M., Gymrek, M., & Schuldiner, M. (2013). A novel single-cell screening platform reveals
proteome plasticity during yeast stress responses. The Journal of cell biology, 200(6), 839—-850.
https://doi.org/10.1083/jcb.201301120




Siwiak, M., & Zielenkiewicz, P. (2010). A comprehensive, quantitative, and genome-wide model
of translation. PLoS computational biology, 6(7), e1000865.
https://doi.org/10.1371/journal.pcbi.1000865

Eguchi, Y., Makanae, K., Hasunuma, T., Ishibashi, Y., Kito, K., & Moriya, H. (2018). Estimating
the protein burden limit of yeast cells by measuring the expression limits of glycolytic proteins.
elLife, 7, e34595. https://doi.org/10.7554/eL ife.34595

3. For the strain identity, please state whether S. cerevisiae “OYR-481” has been
deposited in arecognized culture collection and provide the deposit designation. If it has
not been deposited, please describe how the parental strain “OYL-004” is taxonomically
classified.

The Saccharomyces cerevisiae parent strain “OYL-004" originates from the BRY-96 “Beer
Pitching Strain” and is deposited as NRRL Y-7407 and NCYC. The designation of “OYL-004" is
a tradename and is synonymous with BRY-96, WLP001 and WY1056. The S. cerevisiae
taxonomy has also confirmed with whole genome sequencing (accession numbers: OYL-004
SAMN15364566, BRY-96 SAMN15364561, WLP001 SAMN15364540, WY 1056
SAMN15364542).

4. For the administrative record, please clarify whether genome data of S. cerevisiae
“OYR-481” is available in the public domain, e.g., a NCBI accession number.

The “OYL-004" parent strain genome data is available under the NCBI accession number:
SAMN15364566. The modified “OYR-481" genome data is not publicly available.

5. Please confirm that S. cerevisiae “OYR-481” is non-pathogenic and non-toxigenic by
briefly summarizing its genotypic or phenotypic characteristics.

The OYR-481 exhibits genotypic and phenotypic characteristics consistent with the S.
cerevisiae host strain. OYR-481 grows in aerobic and anaerobic conditions and is Crabtree
positive, which makes it well suited for alcoholic fermentations. It ferments mono, di and tri-
saccharide sugars and produces desired fermentation products such as carbon dioxide,
ethanol, esters and organic acids. The OYR-481 strain exhibits a strong flocculation phenotype
which allows the efficient separation from beer after fermentation is complete. There are no
known toxins or virulence factors produced by S. cerevisiae or the resulting OYR-481 strain that
would lead to pathogenic or toxigenic effects. Humans have been consuming and producing
fermented products with S. cerevisiae as far back as we can trace, demonstrating S. cerevisiae
is GRAS on the basis of historic use.

6. For the administrative record, please clarify how the purity of the S. cerevisiae “OYR-
481” inoculum for the manufacturing process is ensured.



The “OYR-481" inoculum is stored as a glycerol stock at -80°C. This inoculum is the original
monoclonal isolate that is described in Part 2 of the prepared GRAS dossier and the purity of
this inoculum has been confirmed by interdelta PCR. The manufacturing process starts from the
glycerol stock, which is struck to YPD agar media at 20°C for 3 days and stored at 4-10°C for a
maximum of 30 days. The manufacturing process as described in Part 2.5 of the prepared
GRAS dossier is monitored continuously through standard microbiological plating and PCR at
each stage to confirm purity.

7. The notifier states that “OYR-481 yeast strain is intended for use as a commercial
liquid yeast culture for the production of fermented beverages in accordance with Good
Manufacturing Practices (GMPs).” Please also confirm that the S. cerevisiae “OYR-481”
manufacturer implements GMPs during the strain production.

Yes, that is correct. The manufacturer adheres to GMPs throughout the entire production
process of the “OYR-481" strain.

8. Please clarify that the fermentation process is continuously monitored for
contaminants.

Yes, that is correct. The fermentation process for “OYR-481" is continuously monitored for
contaminants throughout each phase outlined in Part 2.5 of the dossier.

9. To support the safety conclusion, the notifier lists the use of genetically modified S.
cerevisiae strains in fermented beverages that have received No-Questions Letter from
FDA (GRNs 000120, 000175, 000350, 000798 and 000841). We note that GRNs 001062 and
001096 also received a No-Questions Letter from us in 2023. As each GRAS notice
stands on its own, for the administrative record, please provide a brief paragraph for
each of these GRNs summarizing the information pertaining to safety for this GRAS
notice.

GRN 000120 — The “MLO01” strain is similarly a modified S. cerevisiae strain used in the
production of alcoholic beverages. The MLO1 strain includes enzymes to catalyze the
conversion of L-malate to L-lactate in wine fermentations, avoiding a secondary malolactic
fermentation process with lactic acid bacteria. Both the MLO1 strain and OYR-481 were
modified using genetic engineering technology.

GRN 000175 — The “ECMo01” strain is similarly a modified S. cerevisiae strain used in the
production of alcoholic beverages. The ECMo01 strain enhances the expression of yeast
enzymes that reduce amounts of the undesirable ethyl carbamate compound produced from
urea in wine fermentations. Both the ECMo01 strain and OYR-481 were modified using genetic
engineering technology.

GRN 000350 — The “P1Y0” strain is similarly a modified S. cerevisiae strain used in the
production of alcoholic beverages with reduced off flavors, specifically P1YO leads to the



reduction of hydrogen sulfide in wine fermentations. Both the P1YO0 strain and OYR-481 were
modified using genetic engineering technology.

GRN 000798 — The “yBBS002” strain is similarly a modified S. cerevisiae brewing strain used in
beer fermentations to improve the overall aroma properties of beer. In this case, the yBBS002
strain produces the linalool and geraniol hop compounds imparting overall hoppy character.
Both yBBS002 and OYR-481 were modified using CRISPR/cas9 gene editing technology.

GRN 000841 — The “Saccharomyces cerevisiae expressing L-lactate dehydrogenase from
Rhizopus oryzae” strain is similarly a modified S. cerevisiae brewing strain used in beer
fermentations to introduce an enzymatic activity replacing the use of another food additive. In
this case, the enzyme activity is L-lactate dehydrogenase avoiding the need for a lactobacillus
souring step. Both the LDH expressing strain in GRN 000481 and OYR-481 were modified
using genetic engineering technology.

GRN 001062 — The “OYR-185" strain is similarly a modified S. cerevisiae brewing strain used in
beer fermentations to improve the overall aroma properties of beer. Both OYR-243 and OYR-
481 were modified using CRISPR/cas9 gene editing technology.

GRN 001096 — The “OYR-243” strain is similarly a modified S. cerevisiae brewing strain used in
beer fermentations to improve the overall aroma properties of beer. Both OYR-243 and OYR-
481 were modified using CRISPR/cas9 gene editing technology.

10. Please provide updated information on the literature search(es) performed to
prepare the notice. This includes the date(s) (e.g., month and year) of the
search(es), the resource database(s) used (e.g., PubMed), the principal search
terms used, and the time period that the search spanned (e.g., 1/2000 to 1/2024).

Literature searches for the prepared notice were conducted using PubMed from 7/2023 to
1/2024 and references are noted throughout. Specific searches for estimates of dietary
exposure on Saccharomyces Genome Database (yeastgenome.org) using “PGK1” were
performed from 07/2023 to 01/2024. Specific searches on for the toxigenic potential of AldB
were performed on Pubmed on Jan 22" 2024 using search terms “aldB AND toxin” and “aldb
AND toxic” are referenced within Part 7.
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