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Sixty-two pages of an open access publication has been removed. The removed reference is:

Denby, “Industrial brewing yeast engineered for the production of primary flavor determinants in
hopped beer” Nature Communications volume 9, Article number: 965 (2018)
https://www.nature.com/articles/s41467-018-03293-x
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From: Rachel Li

To: Charles Denby

Cc: McMahon, Carrie; Viebrock, Lauren

Subject: Re: GRN 798 - S. cerevisiae yBBS002 strain - questions

Date: Friday, March 08, 2019 3:21:08 PM

Attachments: image002.png
GRN 798 _response_to_questions_identity and manufacturing_2019-03-08.pdf
SI_file.pdf

Hi Carrie and Lauren,

Please see our answers on the attached sheet, following each question. | have also attached the
supplementary information from our paper.

Please let us know if you require any further information.

Thank you very much,
Rachel

On Wed, Feb 27, 2019 at 11:55 AM Charles Denby <charles@bbsbeer.com> wrote:
Hi Carrie,

We will dig into these questions this week and get back to you next week to set up a phone
call.

Thanks for your help with this!!
Charles

On Fri, Feb 22, 2019 at 9:03 AM McMahon, Carrie <Carrie.M cM ahon@fda.hhs.gov>
wrote;

Dear Dr. Denby,

REGARDING: GRN 798 (S. cerevisiae yBBS002 strain)

Since returning from the federal government shutdown, we have been working to get
caught up on our evaluation of Berkeley Brewing Science’s GRAS notice. We recognize
that your participation in our GRAS Notice Program is voluntary and we appreciate your
patience during this interruption.

Before we can complete our evaluation of BBS' s GRAS notice, we need some additional
information. | have attached afew questions about the identity and manufacturing method
of S cerevisiae yBBS002 strain that we think are straight-forward and easily answered.

Y our answers to these questions will be useful in afuture telephone call | would like to
schedule to discuss how best to fill in afew gapsin the Dietary Exposure, Narrative, and
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Supporting Data/l nformation sections (Parts 3, 6, and 7) of BBS' s GRAS notice. The best
way to fill these gaps depends on whether you already have the datain hand or whether
there isrelevant published literature that you can cite. | have found that a quick
conversation is often the most efficient way to fill the gaps needed to bring our evaluation
to closure.

| will be out of the office next week (February 25 —March 1). While | am away, if you
need any clarification about our attached questions or if you would like to set up a
day/time for the telephone discussion, please contact my colleague Dr. Lauren Viebrock
(Lauren.Viebrock@fda.hhs.gov). She isamember of the team assigned to evaluate BBS's
GRAS notice and will assist you in my absence. |’ ve copied her on this email.

Regards,

Carrie McMahon, Ph.D.
Consumer Safety Officer

Center for Food Safety and Applied Nutrition
Office of Food Additive Safety

U.S. Food and Drug Administration

Tel: 240-402-1202

Carrie.McMahon@fda.hhs.gov

p2Y U.S. FOOD & DRUG

ADMINISTRATION

Charles Denby, Ph.D.

Berkeley Brewing Science CEO, Co-founder
(C) 206-799-2668

www.bbsbeer.com
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GRN 798 — S. cerevisiae yBBS002 strain February 22, 2019

Questions for the notifier (Berkeley Brewing Science)

Identity

1. Is yBBS002 one of the strains described in the Denby et. al. (2018) Nature
Communications article (or derived from one of these)? If so, which one?

a. The published article contains information about the characterization of BBS’s
yeast strains that its GRAS notice does not. Because BBS does not directly state the
link between yBBS002 and a specific strain in the publication, the publication
data/results are of limited use in the safety evaluation of yBBS002 specifically.

Yes, yBBS002 is strain JBEI-16652

2. Please provide a copy of the Supplementary Information (containing Figures and Tables
showing experimental results from strain characterization) referenced in the Denby et. al.

article.

a. The published article refers to Supplementary Information concerning
strain-specific characterization data that BBS’s GRAS notice does not contain.
Assuming the Supplementary Information contains data characterizing the yBBS002
strain, this document is relevant to BBS’s GRAS conclusion.

Manufacture — Finished food-grade product

3. Are all starting/raw materials used in the manufacture of the liquid yeast product
food-grade?

a. Materials used in the cell culture and subsequent downstream processing
(including antifoaming and flocculating agents, if used) should be identified and
suitable for use in food processing.

Yes, all starting/raw materials are food-grade. Malt extract is the only material used,
there are no downstream processing agents.

4. Do any components of the manufacturing process (culture media, malt extract, nutrients)
or finished liquid yeast product (resuspension medium) include or derive from one of the
eight major food allergens? For example, we assume that malt extract is derived from wheat
or barley. Is this correct?

a. The identity of manufacturing components which may be present in the final
product is important for compliance with labeling under the Food Allergen Labeling
and Consumer Protection Act. FALCPA specifies eight major food allergens: milk,



eggs, fish, Crustacean shellfish, tree nuts, peanuts, wheat, and soybeans.
Gluten-free labeling further specifies barley and rye.

None of the components include or derive from one of the eight major food
allergens. Malt extract is derived from barley only. Yeast is grown on a Malt extract
enrichment medium without milk, eggs, fish, Crustacean shellfish, tree nuts, peanuts,
wheat, or soybeans.

5. Please provide specifications for the finished food-grade liquid yeast product.
Specifications should include viable cell count, microbial contaminant limits, and appropriate
heavy metal limits (lead, arsenic, total).

a. Food grade specifications serve two purposes. These chemically define the
ingredient that is the subject of the GRAS notice and they set limits for
manufacturing residues and potential contaminants that determine whether the
finished product is food-grade.

Each lot is tested to be greater than 95% viable on ship date, at a concentration of
2.75 x 10 9 cells/ml and free from detectable levels of contaminants (zero colony
forming units (CFUs) of bacteria or yeast detected per 250 million yeast cells). We
do not anticipate dangerous levels of heavy metals.

6. Comment: BBS’s reference to the use of linalool, geraniol, and citronellol in food in
accordance with GMP is incorrect: BBS cites 21 CFR 211 (GMP for finished
pharmaceuticals). The correct regulation for food GMPs is 21 CFR 110.



From: Rachel Li

To: McMahon. Carrie

Subject: Re: GRN 798 - additional questions
Date: Wednesday, April 17, 2019 2:20:13 PM
Attachments: image002.png

Hi Carrie,

We are working on putting answers to the questions together and should have them for you
soon. We are dlightly confused about the differences and outputs of the various toxin
databases. Could you point me in the direction of an example notice or paper that does this
analysis?

Thank you,
Rachel

On Fri, Apr 12, 2019 at 1:33 PM McMahon, Carrie <Carrie.M cM ahon@fda.hhs.gov> wrote:

Dear Dr. Denby,

Per our discussion, I’m relaying afew additional questions. Please don’t hesitate to contact
me if you need clarification. Once we have your response, we'll work to compl ete our
evaluation of your GRAS notice for yBBS002.

Regards,

Carrie McMahon, Ph.D.
Consumer Safety Officer

Center for Food Safety and Applied Nutrition
Office of Food Additive Safety

U.S. Food and Drug Administration

Tel: 240-402-1202

Carrie.McMahon@fda.hhs.gov

ip2Y U.S. FOOD & DRUG

ADMINISTRATION

Rachel Li

Co-founder

Berkeley Brewing Science
2451 Peralta St
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From: Rachel Li

To: McMahon. Carrie

Subject: Re: GRN 798 - additional questions

Date: Thursday, April 18, 2019 4:32:13 PM
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Hi Carrie,

No problem at all, (b) (6) Thank you very much for the detailed answer.
| will take alook at all of thisand have answers back to you early next week.

Thank you,

Rachel

On Thu, Apr 18, 2019 at 11:50 AM McMahon, Carrie <Carrie.M cM ahon@fda.hhs.gov>
wrote:

Rachdl,

First, my apologies for not including more explanation during the call or in my follow-up
email last Friday. (0) (6)
(b) (6)

Dr. Viebrock provided the following examples:

o UNIPROT database (Ex. GRAS Notice GRN 728, bioinformatic text in GRAS notice,
and FDA response | etter)

o BLAST-P database (Ex. GRN 707, bioinformatic text is in amendment to GRAS
notice (not posted on website), and FDA response | etter)

o ToxinPred database (Ex. 743, bioinformatic text in GRAS notice and FDA response
letter)

e Toxin and Toxin Target Database T3DB (Ex. GRN 736, bioinformatic text in GRAS
notice, but not yet posted on FDA website, and FDA response | etter)

If you go to www.fda.gov/grasnoticeinventory and click on the GRAS notice number (in
blue), the hyperlink will take you to a page where you can view a copy of the company’s
GRAS notice and FDA’s response letter. For GRNs 728 and 743, you' || see that the
companies provide a short summary of their analysis, results and conclusion. You'll also see
in all the FDA letters that we make note of this aspect of the safety assessment.

o Unfortunately, we are alittle behind posting GRAS notices to our inventory, so GRN
736 isn't yet available through our website. | cannot simply provide afull copy at this
time without having you submit aformal request (under the Freedom of Information
Act) which will take time. | spoke with my supervisor and he agreed | could send you
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the relevant page from GRAS Notice 736. See attached.

In short, we expect BBS' s response to include: the database you used, the database version
(or date of search), your search/alignment parameters, any significant results (and how you
define significant), and your rationale for why any significant results do not change BBS's
conclusion that the expressed enzymes do not raise oral toxicity concerns.

Let me know if thisinformation doesn’t answer your gquestion.

Regards,

Carrie McMahon, Ph.D.
Consumer Safety Officer

Center for Food Safety and Applied Nutrition
Office of Food Additive Safety

U.S. Food and Drug Administration

Tel: 240-402-1202

Carrie.McMahon@fda.hhs.gov

ip2Y U.S. FOOD & DRUG

ADMINISTRATION

From: McMahon, Carrie
Sent: Wednesday, April 17, 2019 6:20 PM

To: Rachel Li <rachel @bbsbeer.com>
Subject: RE: GRN 798 - additional questions

Hi Rachel,

I’ll have something for you by tomorrow. Dr. Viebrock did provide me with some example
GRAS Notices. Unfortunately, | can’t point you to our the examples on our GRAS
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Inventory Website because either (1) we haven’t posted the example notices to our website
yet or (2) the bioinformatic analysis details themselves are not in the original GRAS notice
but in aresponse to a question from FDA (and thus not on the inventory website).

L et me chat with my supervisor to see what | can do.

In the interim, | found a published study that | think will give you some practical insight to
the bioinformatic approach to assessing the toxicity/allergenicity potential of proteins
derived from engineered sources:

https://www.sciencedirect.com/science/article/pii/S027869151730474X . Although the
paper is about engineered bananas, | think there are several basic concepts that apply to your

case.

For your information, the response to the bioinformatic/toxin question that we'll be looking
for from BBS should be a short paragraph or so, depending on the results of your analysis.

Regards,

Carrie

From: Rachel Li <rachel @bbsbeer.com>

Sent: Wednesday, April 17, 2019 2:19 PM

To: McMahon, Carrie <Carrie.McM ahon@fda.hhs.gov>
Subject: Re: GRN 798 - additional questions

Hi Carrie,

We are working on putting answers to the questions together and should have them for you
soon. We are slightly confused about the differences and outputs of the various toxin
databases. Could you point me in the direction of an example notice or paper that does this
anaysis?

Thank you,
Rachel
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Rachel Li

Co-founder

Berkeley Brewing Science
2451 Peralta St

Oakland, CA 94607



From: Rachel Li

To: McMahon. Carrie

Cc: Charles Denby

Subject: Re: GRN 798 - additional questions
Date: Thursday, April 25, 2019 8:37:27 PM
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GRN 798 EDI and narrative questions_2019-04-12_answers.pdf

Hi Carrie,

Our responses are attached. Please let us know if you require any further information. We look
forward to hearing back from you.

Thank you,
Rachel

On Fri, Apr 12, 2019 at 1:33 PM McMahon, Carrie <Carrie.M cM ahon@fda.hhs.gov> wrote:

Dear Dr. Denby,

Per our discussion, I’m relaying afew additional questions. Please don’t hesitate to contact
me if you need clarification. Once we have your response, we' Il work to compl ete our
evaluation of your GRAS notice for yBBS002.

Regards,

Carrie McMahon, Ph.D.
Consumer Safety Officer

Center for Food Safety and Applied Nutrition
Office of Food Additive Safety

U.S. Food and Drug Administration

Tel: 240-402-1202

Carrie.McMahon@fda.hhs.gov

ip2Y U.S. FOOD & DRUG

ADMINISTRATION

Rachel Li, PhD

Co-founder

Berkeley Brewing Science
2451 Peralta St
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GRAS Notice No. 000798 — yBBS002 April 12, 2019

Questions for the notifier (Berkeley Brewing Science)

DIETARY EXPOSURE

Yeast and protein: In Section 3.2.2, BBS concludes that dietary exposure to yBBS002 in
finished beer will be “extremely limited.” BBS’s supports its conclusion by stating that the levels
of yBBS002 are not detectable by optical density measurements (without providing the
experiment methods, results, or the limit of detection). For FDA to evaluate BBS’s conclusion,
we need more information.

1. Please provide a summary of the method (including the limit of detection) and the results
for the optical density measurement, noted in Section 3.2.2, which are the basis for BBS’s
statement that levels of yBBS002 are not detectable and therefore final concentrations are
negligible in finished beer.

Beer was sampled directly from a storage vessel (keg) and placed into a cuvette, and the
optical density was measured using a spectrophotometer at a wavelength of 600nm. Beer
made with the parent strain CAY was used as the blank. The optical density was measured
at 0.003. A culture of the parent strain of known concentration and a blank were used to
calculate the limit of detection of the spectrophotometer (see Armbruster and Pry 2008,
PMID 18852857). This was determined to be 0.015. Therefore, the levels of yBBS002 in
finished beer are not detectable by optical density measurements, as a reading of 0.003 is
below the limit of detection.

Monoterpenes flavor molecules: In Section 3.2.2, BBS concludes that dietary exposure to the
monoterpene flavor molecules “should be equivalent to their consumption from beer made by
traditional hopping.” BBS supports its conclusion by stating that beer produced with yBBS002
will contain similar levels of linalool, geraniol, and citronellol as are present in traditionally
hopped beer. However, BBS does not provide the levels of monoterpenes in beer brewed with
yBBS002 or made with traditional hopping.

2. Briefly summarize the data and/or published literature that support BBS’s statement
(Section 3.2.2) that “beer produced with yBBS002 will contain similar levels of linalool,
geraniol, and citronellol as are present in traditionally hopped beer.”

Strain yBBS002 makes 0.1mg/L linalool and 0.4mg/L geraniol. Other published literature
supports these levels: see Steinhaus et al 2003 (DOI: 10.1021/jf0347057), Peacock et al
1981 (10.1021/jf00108a041), and Rettberg et al 2018 (DOI:
10.1080/03610470.2017.1402574). However, heavily dry-hopped beers can contain much
higher concentrations of these terpenes; our own data show that they can contain over 2



mg/L of linalool and geraniol alone.

Safety Narrative

Protein/enzyme toxicity: In Sections 6.3.3 and 6.3.4, BBS describes its bioinformatic analysis of
the expressed enzymes and putative ORFs by comparing the sequences of these to allergens
in the Food Allergy Research and Resource Program allergen protein database. BBS also
emphasizes that the donor DNA integrated into yBBS002 strain is derived from edible
organisms with a history of safe use (that is, yeast, mint, and basil) and that clarification
processes will remove the bulk of the proteins, as well as large polypeptide fragments. On these
grounds, BBS concludes that the allergenicity and toxicity potential of the expressed enzymes
and putative ORFs is negligible.

3. Did BBS conduct bioinformatic analyses for potential toxicity of the expressed proteins? If
so, which database and parameters? (The FARRP database is not a toxin database.)

a. There are several resources used for bioinformatic analyses for homology of
enzymes to toxins, including: UNIPROT database homology search to see if identify
homology to known toxins, BLAST-P database, ToxinPred database, Toxin and
Toxin Target Database T3DB.

In order to determine whether the expressed enzymes are homologous to known toxins, we did
the following: We extracted all peptide sequences in the UniProt database annotated as “toxin”,
then queried these sequences with each of our expressed genes using the blastp algorithm and
standard parameter settings. All hits obtained during this search had “Expect Values” (E-values)
>1, indicating that the alignments were due to short random sequence identities and did not
reflect homology. We therefore conclude that our expressed proteins are not homologous to any
annotated toxins in the UniProt database.

4. Are the plant-derived linalool and geraniol synthases expressed in edible parts of these
plants?

Yes, the synthases are expressed in the leaves of mint and basil. See Crowell et al 2002
(PMID: 12176064) and lijima et al 2004 (PMID: 14657409).

Are there reports in the published literature of toxicity from consumption of the parts of
the plants in which the mint-derived linalool synthase and basil-derived geraniol
synthase present? If yes, please discuss how this does or does not impact BBS’s safety
conclusion.

None that we are aware of.



Monoterpene toxicity: BBS’s safety narrative for the monoterpenes rests primarily on
comparison of levels in beer brewed using yBBS002 to levels in traditionally hopped beer (see
Dietary Exposure question #2).

Comment: there are several published conclusions regarding the safety of linalool,
geraniol, and citronellol as flavoring substances in food. BBS’s safety narrative could be
strengthened by inclusion of scientific expert body conclusions.

i. FDA regulations for synthetic flavoring substances and adjuvants: 21 CFR
182.60 (GRAS list including linalool and geraniol) and 21 CFR 172.515 (food
additive including citronellol)

ii. JECFA ADI group ADI (1997) for citral, geranyl acetate, citronellol and
linalool is 0 to 0.5 mg/kg bw
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