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Methods for Generating "New” Brewing Yeast

Organism discovery - “Bioprospecting”
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*  Mating
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* Yeast-mediated ligation
« CRISPR
« Transgenic vs self-cloned
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Self-cloned vs Transgenic Engineering

Cisgenic or “self-cloned”
DNA from the same species

Transgenic or “"Heterologous”
DNA from a different genus




Self-cloned vs Transgenic Engineering

Cisgenic or “"self-cloned”
DNA from the same species Overexpression or deletion

of a native yeast gene or
- h
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Transgenlc or HeterOIogous Introduction of a new

DNA from a different genus gene/pathway from a non-

yeast organism to enhance a
desired trait or introduce a
novel trait




Genetic Engineering in S. cerevisiae
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Genetic Engineering in S. cerevisiae

Promoter Gepe Terminator
(open reading frame)
Controls production Designates the order of Stops
of RNA - when & amino acids and the transcription
how much resulting protein function

Typical Yeast Expression Cassette

Promoters and
terminators are often
taken from the S.
cerevisiae genome for
“native” control of gene
expression

Gene of interest can
either be from the yeast
genome (self-cloned) or
from a new organism
such as bacteria,
mammals, plants, fungi
(transgenic)



Genetic Engineering in S. cerevisiae

Gene

Promoter .
) (open reading frame)

Terminator

Identify a target sequence in the genome to introduce the new expression cassette

Yeast chromosome




Genetic Engineering in S. cerevisiae
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PCR clone each genetic element with overlapping homology, including the flanking
regions of the yeast genomic target
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Genetic Engineering in S. cerevisiae
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Promoter Gepe Terminator
(open reading frame)

PCR clone each genetic element with overlapping homology, including the flanking
regions of the yeast genomic target
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Genetic Engineering in S. cerevisiae
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Transform the PCR cloned DNA fragments into yeast, typically via electrical shock to
open membrane pores

. A ¥sA
smite T EXpression cassette can

S5 also be pre-assembled
via in vitro reactions




Genetic Engineering in S. cerevisiae

7 Target Genomic G . Target Genomic Q
Promoter rea?l::‘g frame)  Terminator

Yeast will "stitch” together or ligate the DNA fragments by homologous recombination
which is a native yeast DNA repair mechanism
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Genetic Engineering in S. cerevisiae

7 Target Genomic G . Target Genomic Q
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Double stranded break (DSB)

The expression cassette can be used to fix random double strand breaks at the
targeted site through a double crossover event with the gDNA flanking regions
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Genetic Engineering in S. cerevisiae

Gene

(open reading frame) Terminator

Promoter
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Double stranded break (DSB)

The expression cassette can be used to fix random double strand breaks at the
targeted site through a double crossover event with the gDNA flanking regions
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Genetic Engineering in S. cerevisiae

Chromosome is fixed while introducing the new expression cassette and typically
deleting a gene that can be used as a selection

(open reading frame)

Yeast chromosome
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Expression cassette &

CRISPR/Cas Plasmid homologous flanking regions

CRISPR/Cas System

Clustered Regularly Interspaced +
Short Palindromic Repeats Ensyme

sgRNA
AIVONNONPRONONONONON
Genomic DNA

Selection
Marker

Nuclease-mediated system to introduce specific double stranded

DNA breaks
- Single guide RNA (sgRNA) contains:
« A unique 20 nucleotide targeting sequence to the site of interest

« Cas nuclease-recruiting sequence (tracrRNA)
 Proto-spacer adjacent motif (PAM site)

« Cas nuclease enzyme is recruited to the gRNA-DNA complex and makes a very specific
cleavage in the chromosome

- The break can be repaired by homologous recombination with introduced homologous
DNA (ie, an expression cassette)




CRISPR/Cas Plasmid Expression cassette &
homologous flanking regions

CRISPR/Cas System

sgRNA
M ZNYZ NV NS /N 7N TN AN/ N AN N
Cas + .
Enzyme Genomic DNA
Selection
Marker

Cas Enzyme

O

Cas Enzyme cuts Genomic DNA Yeast Repairs Genomic DNA with Donor DNA Plasmid Loss without Selective Pressure
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What traits would we want to target in brewing yeast?

Peformance, Stress tolerance, Enzymes Flavors and metabolites
Feedstock
inhibitors ,
Sulphite ie. phenols, Hydrostatic
>100ppm furfural, ect.. pressure
Sodium
>500ppm Anaerobiosis
OO
060 \ N .
pH <3.5 v/ ‘ utrients
ie. FAN <150ppm
Osmostress
Organic Acids Sugars >30% w/v
Lactic >0.8% w/v Ethanol
Acetic >0.05% w/v >12% w/v
Figure adapted from Ingledew (1999)
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Construction of recombinant industrial brewer’s yeast with lower
diacetyl production and proteinase A activity pyruvate % acetoin
Jun Lu - Jian Dong - Deguang Wu - Yefu Chen - ’“‘QJ L s mmy ] ALDC

Xuewu Guo * Yu Shi « Xi Sun + Dongguang Xiao

Y/
a-acetolactate — ——————————— i—> wo-acetolactate

« Overexpression of the ILV5 gene to increase a,B-dihydro|y isovalerate diacetyl €—-}
acetolactate utilization (thereby preventing it from _
spontaneously forming into diacetyl) ""’3\7 @
a-ketoisovalerate acetoin
H BDHI §
« Partial removal of the proteinase A gene to decrease V BD”"JL o
extracellular protease activity to improve foam valine butan-23-diol |
stability INTRACELLULAR [i EXTRACELLULAR

Graphic: Krabin et al 2017
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Vanillin pathway engiNeEE
into S. cerevisiae
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ndustrial brewing yeast engineere
production of primary flavor determinants in

— BERKELEY
: YEAST

hopped beer
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- Overexpressed a linalool synthase PP L OMAPP

from mint and a geraniol synthase

from basil to produce essential hop 7 N\

oils in brewing yeast oy ''F

Linalool  Geraniol

Denby et al 2018
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MASH HOPPING AND THIOLS
« B-lyase activity results in the

release of volatile sulfur compounds B No Hops Whirlpool Hops M Mash Hops
called thiols associated with tropical
aroma and are active at very low
flavor thresholds

- Omega repaired the functionality of
the native S. cerevisiae B-lyase
ene IRC7, to enhance the
iotransformation of thiol precursors
to there volatile and aromatic free
forms
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 Significant enhancement of
gr?:pefrU|t passion fruit and guava
notes
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« S. cerevisiae engineered with a heterologous lactate
dehydrogenase sourced from a food microbe

« Produces lactic acid during primary fermentation to
provide brewers with an easy, reproducible, and mono-
culture product for sour-style beer production

CH,OH

Glucose
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FASTER. CLEANER. CONSISTENT.

SOURVISIAE

Bioengineered Saccharomyces cerevisiae
~or SOURING DURING PRIMARY FERMENTATION

:» £ MASCOMA
AT o

oo

LALLEMAND BREWING

https //www IaIIemandbrewmg com _




Regulatory - Generally Recognized As Safe (GRAS)

» A typical regulatory process requires thorough evaluation of the bioengineered organism with a
documented dossier detailing:

Extensive descriptions of: Extensive safety evaluation on:
v How the product was developed v Toxicity/Allergenicity
v How it will be used v" Environmental impacts
v How it will be manufactured v Antibiotic resistance
v' Byproducts or coproducts from both v Inactivation
manufacturing and industrial process v Genetic stability

« GRAS is a U.S. Food and Drug Administration (FDA) designation that a substance added to food
is considered safe under its intended use by a general recognition among qualified experts, and
so, is exempted from pre-market review and approval under the Federal Food, Drug, and
Cosmetic Act.

 GRAS determination based on scientific procedures, requires the same quantity and quality of
scientific evidence as would be required to obtain approval of a food additive.




Labeling of bioengineered ingredients in the US

« Currently, beer with bioengineered ingredients does not have to be labeled
according to the National Bioengineered Food Disclosure Standard (NBFDS)

— NBFDS is a national mandate for food manufacturers, importers and other entities that label foods for retail, to
disclose information about bioengineered food/ingredients with a mandatory compliance by Jan 1, 2022

« Excerpt from the NBFDS:

« "Distilled spirits, wines, or malt beverages as defined by the Federal Alcohol Administration Act (FAA Act) are foods under the
Federal Food, Drug, and Cosmetic Act (FDCA), but are not subject to the NBFDS because they are subject to the labeling
provisions of the FAA Act rather than the labeling requirements of the FDCA.”

https://www.federalregister.gov/documents/2018/12/21/2018-27283/national-bioengineered-food-disclosure-standard
« However, important to point out that beer without barley and hops may be subject to the labeling rules

« "“Alcoholic beverages not subject to the labeling provisions of the FAA Act, such as wines with less than seven percent alcohol
by volume and beers brewed without malted barley and hops, would be subject to the NBFDS.”

« Beer using bioengineered ingredients can not be certified or labeled as organic

« “"Excluded methods. A variety of methods used to genetically modify organisms or influence their growth and
development by means that are not possible under natural conditions or processes and are not considered
compatible with organic production.”

« https://www.usda.gov/media/blog/2013/05/17/organic-101-can-gmos-be-used-organic-products



https://www.federalregister.gov/documents/2018/12/21/2018-27283/national-bioengineered-food-disclosure-standard
https://www.usda.gov/media/blog/2013/05/17/organic-101-can-gmos-be-used-organic-products

Path Forward for Bioengineered Brewing Yeast

« Engineered brewing yeast offer many advantages to the industry
« Consistent products
« Less reliant on process changes to generate optimal flavors/performance
« Engineering can directly target desired phenotypes
« Potential for monoculture fermentations
» Reduced process times and cost savings
« Reduced enzyme costs, expensive flavor additives, lost product
» Accelerating the expansion of biodiversity
« Continue to push beverage industries with new novel products!

. Coulld GE attract consumers? Current consumer trends targeting the experience and trying something
new!

« Important to continue the education

« Consumers are much more informed about what they put in their body

« Omnipotence of GE foods in daily life, years of research on GE products, and the information revolution
have all improved consumer education which has reduced the stigma and alleviated health concerns

« But it is important to continue to hold companies to a high standard to ensure health and
environmental safety are top priorities when introducing new products




Thank you!
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