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Cambridge Prize Talk
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• Author on 12 publications in peer reviewed journals
•
•
•
•
•

5 as first author
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Current Genetics
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•

•
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The Influence of Yeast
Handling on Petite
Mutant Formation
Cambridge Prize Talk
Dr Stephen Lawrence
SABMiller
Specialist: Technical Stewardship

• Drive to reduce cost has pushed industry to use of very
high gravity (VHG) brewing

• Impact on yeast can be forgotten

• Don’t fully understand enhanced
stresses on yeast and how this will
impact on the brewing process
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Context
Background to this work
•

Stress on yeast during fermentation has long been the driver of my research
career

•

Industry has pushed yeast to their limits – often using inappropriate yeast to
meet their needs

•

Impact of this is not fully understood

•

This work will help us better understand

•

Large amount of research on general stress response during fermentation

•

Little work on the impact of yeast genetic stability
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AGENDA
Stress

Petite Mutants

What are we putting our
yeast through?

What are they and why do
they matter?
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Petites in Brewing
Accumulation and impact

Stress in Brewing

Gibson et al, FEMS Microbiol Rev 31 (2007) 535–569

© SABMiller 2014

Stress in Brewing

Gibson et al, FEMS Microbiol Rev 31 (2007) 535–569

© SABMiller 2014

Stress in Brewing

Gibson et al, FEMS Microbiol Rev 31 (2007) 535–569

© SABMiller 2014

Stress in Brewing

Gibson et al, FEMS Microbiol Rev 31 (2007) 535–569

© SABMiller 2014

Stress in Brewing

Temp

Ethanol

Oxidative

Osmotic

Starvation
pH
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Stress in Brewing

Stress

Heat Shock
Response
(HSR)
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Global Stress
Response
(GSR)

Stress in Brewing
General Stress Response
• Evolutionary adaptation allows yeast to respond to adverse environmental
conditions
• Typified by up-regulation of c. 200 genes and their corresponding proteins
• Diverse array of cellular functions
• Expression of genes dependent on stress responsive element (STRE)
• Activation of STRE inducible genes is
dependent on Msn2p and Msn4p

Msn2/4

ON

STRE

gene 1

• One type of stress often confirms resistance to another, unrelated form of
stress
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Stress in Brewing
Response to Stress
Cause

Impact

Reactive Oxygen Species
H2O2
O2●-

Oxidative

●OH

•
•
•
•

Yeast Response

Cellular aging
Lipid peroxidation
Protein
inactivation
Nucleic acid
damage

•
•

Hyperosmotic
stress
Loss of cellular
water
Deterioration of
viability, growth
and fermentation
performance

•

•

Antioxidants
Non-Enzymatic
• Trehalose
• Glutathione
Enzymatic
• Catalase
• SOD

High Conc of Sugars
•
Osmotic

•
•
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•

Osmotolerance
• Innate physiological
resistance
Osmoadaptation
• Highly refined
sensing and
response system
• Compatible solutes

Stress in Brewing
Response to Stress
Cause

Impact
•

H+
H+
H+
H+

H+
H+ H+

pH

H+

Lack of Nutrients
•
•

Carbohydrates
Nitrogen

•

•
Starvation

Yeast Response

Production of
flavour
components
Modified growth
rates and
replicative
lifespan

•

H+ATPase stimulated

Slow down of
growth and
metabolic
processes

•
•

Enter stationary phase
Accumulation of storage
carbohydrates – glycogen
and trehalose
Flocculation

•
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Stress in Brewing
Response to Stress
Cause

Impact
•
•
Ethanol
Toxicity

•
•
•
•
•

•
Cold
Shock

•

•
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Yeast Response

Growth inhibition
↓ glucose uptake
and fermentation
Enzyme
inactivation
Lipid modification
↓ PMF
↑ memb
permeability
Nucleic acid
damage

•
•

Accumulation of trehalose
MnSOD activity

Reduced memb
fluidity
Accumulation of
misfolded
proteins
Reduced enzyme
activity

•

Accumulation of trehalose
and glycerol
Expression of cold shock
genes

•

Stress in Brewing
Impact of Stress on Genetic Integrity
• In addition to physiological impacts, stress can affect genetic integrity of yeast
cells
• Ethanol and ROS have significant impacts on nuclear and mitochondrial DNA
(mtDNA)
• Yeast can repair the damage caused by these stresses
• HOWEVER repair of mtDNA damage can
have unintended consequences
• Formation of mitochondrial petite mutants
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nucleus

mitochondria

Petite Mutants
What are they and why do they matter?

Petite Mutants
What are petite mutants?
• Respiratory deficient mutants – unable to utilise non-fermentable carbohydrates
• Frequency of petite mutants in brewing yeast slurries approx. 0.1 – 4%
• Levels in excess not reported as brewers generally discard yeast with > 5%
petites
• Petite mutants have a number of phenotypes:
•
•
•
•
•
•
•

Utilise sugar less efficiently
Slower growth
Reduced yeast biomass
Slower fermentation rates
Increased sensitivity to oxidative and ethanol stress
Modified cell wall properties – affecting flocculation
Modify beer flavour - ↑ diacetyl and higher alcohols; ↓ esters
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Petite Mutants
Impact of Stress on Genetic Integrity
•

Two forms of petites can occur
Rho-

Rho0

Genes and
sequences deleted
and replaced with
nonsense sequences

No mtDNA remains

•

Rho0 petite mutants not previously
detected in brewing yeast slurries

•

Rho0 have a greater phenotypic
impact than Rho-

i

Wild Type

ii

Rho-

iii

Rho0

mtDNA stained with DAPI
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Lawrence et al (2012) J. Am. Soc. Brew. Chem. 70(4):268-274

Petite Mutants
Mitochondria and mtDNA

• Mitochondria encode a variety of important genes – oxidative pathway
• S. cerevisiae has a very high mtDNA copy number (50-100)
• Multiple mtDNA copies (3-4) are packaged into highly organised structures
called mt-nucleoids
• Packaging of mtDNA into nucleoids can provide it with protection from ROS

Inner
Membrane

Mitochondrial
Matrix
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Mitochondrial
Nucleoid

Petite Mutants
Mechanism of their formation

mtDNA
repair

mtDNA

mtDNA
damage

mtDNA Genes
and sequences
deleted and
replaced

• Damaged sequences may be excised from mtDNA genome
• Deletion can be further compensated for by amplification of remaining DNA
• Can form a defective mitochondrial genome
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Petite Mutants
Detection of Petite Mutants
• Several methods available to detect petite mutants

• Most frequently used method in brewing yeast slurries
is triphenyl tetrazolium chloride (TTC) overlay technique

• Other less widely used methods include differentiation of petite mutants by their
inability to grow on different carbon sources:
•
•
•

Lactate
Glycerol
Ethanol
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Petites in
Brewing
Accumulation and Impact

Petites in Brewing
The yeast cone and cropping
• On completion of lager brewing fermentations, the yeast population sediments
and is collected by a method called cropping for subsequent fermentations
• The resulting yeast “crop” is a heterogeneous population
• Analysis of full scale cylindroconical vessels has shown that during
sedimentation and collection in the cone, age stratification of the yeast can
occur
• This can lead to progressive and unintended selection of specific yeast
fractions that could influence subsequent fermentation performance
• Analysis of environmental conditions within the cones has shown that yeast are
exposed to a wide variety of stresses
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Petites in Brewing
Methods of Yeast Cropping
• Cold cropping of yeast traditionally used
• yeast cooled using cooling jackets and left in the cone until diacetyl reduction complete

• Cold cropping being replaced by warm cropping
• Portion of yeast removed 24 hours after reaching attenuation
• Remaining yeast removed and discarded after the attainment of VDK specification
Cold Cropping

Warm Cropping

24 Hrs
VDK stand

Attenuation
reached
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VDK stand

Yeast crop removed
Portion repitched,
portion ditched

Attenuation
reached

1st crop
removed for
repitching

Remaining
yeast
cropped and
ditched

Petites in Brewing
Impact of Cold Cropping on Petite Formation

• Jenkins et al (2009) where cold cropping
was deployed petite frequency was a
function of generation number
• Petite mutants concentrated in the central
portion of the cone became more enriched
with petite mutants in later generations
• Brewers might be inadvertently enriching
this population by retaining this portion of
the cone

Jenkins et al, 2009. J. Am. Soc. Brew. Chem. 67(2): 72-80
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Petites in Brewing
Impact of Warm Cropping on Petite Formation
• Hypothesis: Warm cropping will reduce the potential for petite mutants to form
in the cone compared to cold cropping
• To investigate this we analysed the yeast crop of a 2,479 hL fermentation vessel
• Yeast slurry samples were collected during the warm cropping of fermentations
that had completed one (G1), three (G3) and six (G6) fermentations - All from the
same cell line
• Analysis was performed on each sample:
• Percentage of petites
• Viable cell density
• Percentage viability
Lawrence et al (2012) J. Am. Soc. Brew. Chem. 70(4):268-274
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Petites in Brewing
Impact of Warm Cropping on Petite Formation
• Unlike cold cropping, petite mutant didn’t significantly increase with generation
number

Lawrence et al (2012) J. Am. Soc. Brew. Chem. 70(4):268-274
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Petites in Brewing
Cropping Practices and Petite Mutants
• In cold cropping, all yeast are exposed to stress for long periods
• Resulted in accumulation of high number of petites
• In warm cropping, all yeast is exposed to stress for short periods
• Resulted in limited petite mutant formation
• What is causing these petite mutants in warm cropping?
• Are they localised in a particular part of the cone?
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Petites in Brewing
Yeast Cell Age and Petite Mutants
• Hypothesis: Older yeast cells have a greater propensity to form petite
mutants
• Analysed the yeast crop of a 5,600 hL fermentation vessel
• Yeast slurry samples were collected every 10hL during the warm cropping of a
G4 fermentation
• Analysis was performed on each sample:
• Average yeast cell age – confocal microscopy
• Percentage of petites
• Viable cell density
• Percentage viability
Lawrence et al (2013) J. Am. Soc. Brew. Chem. 71(2):90-96
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Bud scars
highlighted
using FITClabelled WGA

Petites in Brewing
Yeast Age and Petite Mutants

% Petites

2.2

Average Age

2.0

Greatest number of petites
contained the oldest cells

% Petites

•

1.5

1.8

1.6
1.0
1.4
0.5

•

Fewest petites contained
the youngest cells

1.2

1

0.0
0

Lawrence et al (2013) J. Am. Soc. Brew. Chem. 71(2):90-96
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• Observed that samples
containing

Petites in Brewing
Yeast Cell Age and Petite Mutants
• Virgin and non-virgin yeast cells were isolated using sucrose
gradients
• Average age of the populations was determined by using
confocal microscopy by enumerating the bud scars on 200 yeast
cells of each population
• These populations were exposed to ethidium bromide (DNA
intercalating dye) – induces formation of petite mutants
• Samples taken at 0, 3, 6 and 26 hours
• TTC overlay used to assess susceptibility to form petites in the
presence of ethidium bromide
Lawrence et al (2013) J. Am. Soc. Brew. Chem. 71(2):90-96
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Petites in Brewing
Yeast Cell Age and Petite Mutants
5

4.4

4
No. of Bud scars

• Virgin cells formed fewer petite
mutants than non virgin cells
• Accumulation of mtDNA damage
during replication and exposure to
fermentation stresses

3
2
1.4
1
0
Virgins Pop

Mothers Pop

60

•

Generation of ROS by mitochondria
leads to cellular and DNA damage and
eventual death

50
% Petites

• Further supported by the
mitochondrial theory of aging

40
30
20
10
0
0

5

10

15
Time (Hours)

20

Mothers

Virgins

Lawrence et al (2013) J. Am. Soc. Brew. Chem. 71(2):90-96

Hetero
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25

Petites in Brewing
Impact of Warm Cropping on Petite Formation

• Jenkins et al proposed that a lower mtDNA copy number would increase the
likelihood of petite formation
• Relationship between mtDNA copy number and propensity to form petites had
not been proven

Jenkins et al, 2009. J. Am. Soc. Brew. Chem. 67(2): 72-80
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Petites in Brewing
mtDNA copy number

• Hypothesis: Older cells contain lower mtDNA copy number therefore
increasing petite mutant formation
• mtDNA copy number of the isolated virgin, non-virgin and mixed populations
was analysed using real time PCR
• Observed that non-virgin population
exhibited a mtDNA copy number
approx. 3 fold higher than virgin
population
• Does NOT support this hypotheses

Relative mtDNA copy number

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0
Virgin

Hetero

Mother

Lawrence et al (2013) J. Am. Soc. Brew. Chem. 71(2):90-96

Cycle threshold determined for COX2 and ACT1 to calculate the
relative mtDNA copy compared to heterogeneous yeast population
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Petites in Brewing
Summary of Findings

• An increase in petites in brewing yeast slurries can occur due to serial repitching
and are exacerbated by cold cropping
• Warm cropping reduces the occurrence of petites and petite frequency does not
increase with generation number
• Distribution of petites in the fermenter cone is not uniform
• Greatest accumulation is found in the same portion of the cone enriched with the
oldest yeast cells
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Petites in Brewing
Summary of Findings

• Increased age and repeated use of yeast appears to drive petite formation
• Virgin yeast cells are less susceptible to induced petite formation
• Virgin yeast cells have a lower mtDNA copy number than non-virgins
• The accumulated damage to the mtDNA is of greater influence than the
number of copies present in the mitochondria
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Petites in Brewing

Stress

Petite Mutants

What are we putting our
yeast through?

What are they and why do
they matter?
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Petites in Brewing
Accumulation and impact

Petites in Brewing
Why should you care?

• mtDNA integrity is essential for maintenance of fermentation performance and
final product quality
• Factors that influence formation of petites is poorly understood
• By utilising practices that limit yeasts’ repeated and prolonged exposure to
stress, the risk of petite formation can be reduced
• With the trend towards VHG the risk of petite mutant formation will increase
• New rapid tests that monitor formation of petite mutants are required
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Petites in Brewing
Conclusions

• Accumulated damage over the life of the yeast cells determines its risk
of becoming a petite mutant
• Cropping practices should be practiced in a manner that minimises the
inclusion of the very oldest cells
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