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Background Information
● Temperature fluctuations are an evitable environmental factor 

that affects all organisms.
● Sudden exposure to environmental changes will trigger a 

dynamic stress-response called adaptation.
●  Prolonged exposure to nonlethal stimuli leads to acclimation.
●  Chemostat cultures allow for accurate control of specific growth 

rate, independent of other culture conditions.
●  Ms2p/msn4p has been previously suggested to be a 

transcriptional factor in cold temperature.
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Goals of the Present Study
● Tai et al. (2007) aimed to investigate steady-state, acclimatized 

growth of S. cerevisiae at colder temperatures.
○ Emphasized transcriptional regulation of the genome.

● They compared their chemostat culture results with those from 
previous studies in batch cultures and demonstrated the 
differences between the two.

● They also aimed to further describe the role of ESR genes at 
low-temperature in chemostat cultures.
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Methods and Procedures
● S. cerevisiae strain: CEN.PK113-7D (MATa)
● Grown in a chemostat culture (D = 0.03 h-1)
● Four Growth Conditions:

○ 12°C, glucose-limited
○ 12°C, ammonium-limited
○ 30°C, glucose-limited
○ 30°C, ammonium-limited

● Utilized various analytical methods and microarray analysis and 
compared their data to other S. cerevisiae low-temperature 
transcriptome datasets.
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Growth-Efficiency Was Not Affected by Growth 
Temperature

● Biomass was similar at both temperatures in both nutrient 
conditions.

● In the 12°C cultures, the residual concentrations of glucose and 
ammonia were higher than the 30°C cultures.
○ Residual nutrient concentration is temperature dependent.



Less S. cerevisiae Growth on Glucose-Limited Media

● There was more yeast growth on the ammonium-limited media.
● Amount of trehalose was equal in the 12°C media and slightly higher in 

the 30°C ammonium-limited media.
● Overall, yields and fermentation rates were similar in all growth 

conditions.
○ This indicates that the growth temperature did not affect the 

growth efficiency.



Higher Transcription Levels in Ammonium-limited 
Cultures

● Of the 1065 genes, 
644 genes were 
down-regulated and 
421 up-regulated 
genes.

● 235 genes showed a 
consistent 
down-regulation and 
up-regulation in the 
glucose-limited and 
ammonium-limited 
conditions



More Genes Were Induced in the Glucose-Limited 
Cultures

● Temperature-responsive genes were screened for enrichment of 
specific functional categories.

● C-lim cultures showed the most activity in these categories



Greater Transcriptional Regulation in N-Lim
● S. cerevisiae 

in N-lim 
cultures 
showed 
stronger 
transcriptional 
regulation in 
these 
categories.



Strong Transcriptional Regulation in Both N-Lim 
and C-Lim

● C-lim and N-lim cultures showed similar regulation trends in 
nuclear export, ribosome biogenesis/assembly, carbohydrate 
metabolism, and other categories.



● There were significantly 
overrepresented cis-regulatory 
binding motif in the 5’ upstream 
regions.

● There were significantly 
overrepresented promoter 
elements that bind known 
transcription factors or 
transcription factor pairs 
according to the ChiP-on-chip 
analysis.

Overall, More Transcription Factors were    
Overrepresented

Table 3
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259 Genes Found in Common in Three 
Batch-Culture Studies

● Venn diagram 
compares the genes 
from the three 
different batch 
culture studies.

● Responses of genes 
was not consistent.

● The heat map shows 
the transcript ratio 
of the 259 genes 
found in common.



11 Genes Show Consistent Regulation

● Three genes that were 
consistently 
up-regulated are 
involved in lipid 
metabolism.
○ SFK1, YPC1, and 

YEL073C
● Three genes that were 

consistently 
down-regulated encode 
transporters.



More Genes Regulated in Chemostat-Cultures
● Genes were taken from 

Castrillo et al (2007) 
and Regenberg et al 
(2006).

●  25% of 
low-temperature 
down-regulated genes 
had altered transcript 
levels.

● 10% of the 
low-temperature 
up-regulated genes 
had altered transcript 
levels.
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Extensive Overlap between the ESR Genes and the 
Genes in the Batch-Cultures

● 50% of consistently low-temperature up-regulated genes and 13% of 
low-temperature down-regulated genes found in the batch-culture 
studies were found in the ESR genes from Gasch et al. (2000)

● Proposed that the ESR mechanism becomes induced with the 
growth temperature is decreased.



Comparison of Gene Regulation in the Gasch et 
al. (2000) and the Chemostat Cultures

● 233 genes up-regulated and down-regulated in the study by Gasch 
et al. (2000) had an opposite transcriptional response in the 
low-temperature chemostat cultures.



Chemostat Cultures Offer a New Perspective on 
Transcriptional Regulation at Low Temperatures
● Genes that were consistently up- or down-regulated in both the 

batch cultures and the chemostat cultures coded for crucial cell 
functions

● Prior studies had different results because they used 
batch-cultures and Tai et al. (2007) used chemostat-cultures.

● ESR is not the main response to low temperatures.
● Transcriptional responses to low-temperature and low specific 

growth rate can be dissected by the use of chemostat cultures.
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