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Mimetics’ Task in This Project 

• A Commercial Brewer was interested in studying some of  
the stresses experienced by their yeast during 
fermentation 

• They conducted three ‘identical’ fermentations using the 
lager yeast S. pastorianus 

• Although the goal was to look at stress, Mimetics’ 
analytics revealed a surprising result: The three ‘identical’ 
fermentations were not identical but exhibited significant 
variations that the Brewer was not aware of 

• These unsuspected variations in the fermentations can 
show up in the character of  the final product  



Outline of  the Experiment 

• Time-series sampling: samples were taken from the 
fermenter at 4 time points in the first 24 hrs (post-
pitch) 

• 3 separate but supposedly identical fermentation 
cycles were sampled 

• RNA was isolated from each sample 

• Transcript dynamics for the whole genome was 
analyzed by microarray 

• The whole genome time series data was then 
analyzed using Mimetics’ computational tools 

 



Some Background on the Yeast: 

S. pastorianus – lager beer fermentation workhorse 

• Interspecific hybrid species between S. cerevisiae 

and S. bayanus. 

• Cold tolerance thought to come from bayanus. 

• Ethanol tolerance genes from cerevisiae. 

• What does the gene expression program tell us 

about lager brewing batch variation? 



Steps in the Data Analysis 

• The following slides show the three steps in Mimetics’ analysis 
of  the entire gene expression program 

• Step 1: Organize groups of  genes by function and gene 
expression 

• Step 2: Use Mimetics’ tools to develop a picture of  the 
cyclical behavior of  genes turning on and off.  The Cycle in 
Batch 3 is clearly different from that in Batches 1 and 2 

• Step 3: Combine the results of  Steps I and 2 to identify the 
function of  the genes that are behaving differently in Batch 3.  
They are genes associated with stress responses in the yeast. 



Step 1: Mimetics’ tools group genes by  
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Blue = Low level of  expression 

Black = Average level of  expression  



Step 2: Mimetics’ Analysis Displays Hidden 

Dynamic Patterns of  Gene Expression 

Genes with irregular 

expression in the first time 

point.  Did not reproduce 

Batches 1 and 2 

Gene sets with proper dynamics, 

good reproducibility from batch to 

batch. 

 

Batch 1 Batch 2 Batch3  



Step 3: Use the Identification from Step 1 to see 

which Genes Showed Irregular Dynamics in 

Fermentation 

Up-regulated genes fall into 

category of  stress related genes, 

suggesting stressed yeast producing 

irregular fermentation.  

By contrast, this set of  stress-

response genes were not activated 

in the reproducible S. pastorianus 

fermentations. 

Batch 3 Batch 1 



What Can We Do With This Information? How 

Can This Help the Brewer?  

• We have now shown that the yeast in Batch 3 did not 
start the fermentation cycle properly 

• Naturally we want to know why? 

• The variation has been identified in the first time point, 
so Mimetics focused its analytical techniques there 

• We studied gene expression in the yeast that reflect what 
is going on in the fermentation environment 

• We also studied the gene regulatory network that alters 
gene expression in response to environment   

• Let’s see how Mimetics’ analysis provides a unique view 
of  what is happening in the yeast during fermentation  

 



 Gene Expression Response to the Yeast 

Environment 

• The yeast have internal systems for sensing what is 

going on in their environment and responding to it 

• Having identified that the Yeast in Batch 3 were 

stressed we looked at the gene expression responses 

that suggest root causes of  the stresses 

• We also looked at how the stressed yeast behaved in 

the fermentation compared to the unstressed yeast 



Gene Expressions Shows Differences in the 

Nutrient Utilization in the Batches 

Iron Uptake Thiamine Biosynthesis Biotin Biosynthesis 

Gene expression tell us about the yeast’s response to the environment, 

particularly as regards nutrients such as Biotin, Iron and Thiamine.  

The gene expression data indicates differences in response to environment, 

starting condition, and other site specific variations at the brewery. For some 

reason Iron uptake and Thiamine and Biotin biosynthesis were different in 

Batch 3 from Batches 1 and 2.  The Brewer can now investigate. 



Dynamics of  Gene Regulatory Networks 

in Yeast 
• Gene expression is controlled by a network of  

regulators.  The network is made up of  
‘transcription factors’ which interact with each 
other and with the genome. 

• The regulatory network in yeast has different 
controls for the early portion of  the fermentation 
cycle and for the late portion of  the cycle 

• Mimetics’ tools analyze the dynamics of  these 
regulators from batch to batch.  The next slide 
shows how Batch 3 looks different in many 
respects. 

 

 



 

Batch 1 and 2 expression dynamics 

are highly similar, while Batch 3 

dynamics are different.  This shows 

that even the later stages of  the 

Fermentation were different in Batch 

3 

Gene Expression is Controlled by Regulators – Mimetics’ 

Tools Analyze Variation in Dynamics Between Batches 

Early Regulator 

Late Regulator 1 Late Regulator 2 



Possible Consequences for Fermentation 

• Finally we see how the differences in the yeast can 

potentially lead to different fermentation outcomes 

• Batch 3 shows a slow start in ethanol production 

gene expression.  This can potentially lead to 

growth of  unwanted micro-organisms in the early 

stage of  the fermentation 

• The next slide shows that Mimetics analysis found 

evidence of  this delay in the dynamics of  gene 

regulation 

 



Nutrient deficiencies and stress may affect the 

efficiency of  ethanol production/tolerance 

Ethanol production 

Ethanol tolerance 1 

Ethanol tolerance 2 

Stress/nutrient deficiencies may 

lead to mistimed regulation and 

finally to slowed/inefficient 

fermentations 



Genomics and Gene Expression 

• The yeast in these three batches was the same 
genetically, and, to take one example, it had the 
same ethanol production genes 

• But in Batch 3 the yeast gene expression suggest 
that the ethanol production was delayed compared 
to Batches 1 and 2. 

• Knowing yeast genetics is not enough to predict 
how the yeast will act! 

• Mimetics’ analysis shows what the yeast are actually 
doing and why! 

 



Analyzing Lager Brewing Yeast Gene 

Expression Dynamics: Conclusion 

• Mimetics tools allowed us to : 

– Identify large scale variation in gene expression over (a portion of) the 

fermentation cycle in three supposedly identical fermentation Batches 

 

– Characterize the regulators responsible for the variation in the Batches 

 

– Identify variations between the Batches in upstream metabolism feeding 

into the regulators 

 

– Identify potential effects of  the variations on the fermentation and, in 

particular, on ethanol production/timing. 



Thank You 

© 2015 


