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Alll living organisms, whether they are unicellular, like yeast, or complex multicellular, like 

humans,, have to deal with continuous changes in the environment. Changes in availability of 

nutrients,, changes in temperature, all should be met with adequate reponses in order to survive. 

Forr studying fundamental principles in the functioning of eukaryotic cells, yeast offers an 

attractivee model system. Yeast cells are relatively simple to work with due to the ease of 

culturingg in simple growth media, have a broad metabolic versatility and are readily accessible 

too genetic manipulations. Not only from a fundamental point of view has yeast attracted the 

attentionn of researchers. Biotechnologists are also interested in the functioning of yeast cells, for 

yeastt is used for rising of dough, production of alcoholic beverages and heterologous protein 

production.. Fundamental knowledge in the cell's functioning might be helpful to direct 

optimizationn of these industrial processes. However, the simplicity of yeast as an experimental 

organismm belies the complexity that is revealed by studies of adaptation to environmental 

changes.. Within the species "yeast", major differences exist in the way yeast cells respond to 

thee presence of glucose and other nutrients. Baker's yeast Saccharomyces cerevisiae 

preferentiallyy ferments glucose to ethanol, which is energetically unfavourable compared the 

alternativee route of respiratory glucose metabolism, and therefore undesired by those aiming at 

highh biomass yields with maximal growth rate. An alternative, respiratory type of glucose 

metabolismm is predominantly used by the 'milk yeast' Kluyveromyces lactis. Aspects that are 

relevantt for a broader understanding of the regulatory mechanisms contributing to the 

physiologicall differences between the two yeasts are extensively discussed in chapter 1. At all 

points,, from glucose uptake to pyruvate metabolism at the branchpoint between fermentation 

andd respiration, from glucose signalling proteins to redox mechanisms, K. lactis and S . 

cerevisiaecerevisiae show significant differences. One of the aspects underlying the difference in glucose 

metabolismm is the repression of respiratory function by glucose, which is observed in S. 

cerevisiae,cerevisiae, but not or hardly in K. lactis. It is the difference in regulation of transcription of genes 

involvedd in respiratory function that forms the common theme in this thesis, emphasizing factors 

thatt contribute to this difference at the molecular level. A key role in this transcriptional 

regulationn in S. cerevisiae is played by the heteromeric transcription activator complex 

HAP2/3/4/5.. In particular, tight regulation of transcription of the gene encoding the activator 

subunit,, ScHAP4, by available carbon source controls the activity of the complex and thus 
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whetherr target genes of the HAP complex, among which respiratory genes, are transcribed. 

Howw this carbon source dependent transcription of ScHAP4 is regulated is addressed in chapter 

2.. That this is not a simple regulation, is apparent from the mosaic of cis-acting elements in the 

ScHAP4ScHAP4 promoter. Besides, the link to gluconeogenesis via the transcription factor Cat8p 

suggestss that the expression of SctiAP4 is coordinated by an intricate network of regulatory 

circuitss controlling C-source responses in S. cerevisiae. 

Inn contrast to S. cerevisiae, transcription of genes involved in respiratory function is hardly 

repressedd by glucose in K. lactis. This leads to a generally high level of transcription on glucose, 

contributingg to the oxidative glucose metabolism of K. lactis. In chapter 3, we asked whether the 

absencee of glucose repression of respiratory genes was correlated to a high constitutive 

expressionn level of the KIHAP4 gene in K. lactis. Although KIHAP4 was indeed constitutively 

transcribedd in (quasi) steady-state cultures, its transcription immediately decreased when a 

glucosee pulse was added to glucose-limited chemostat cultures. This decrease was not 

accompaniedd by a decrease of transcription of respiratory genes, illustrating the minor role the 

Hap2/3/4/55 plays in transcriptional regulation of those genes in response to carbon sources in 

K.K. lactis. However, the induction of KIHAP4 during carbon limitation suggests a role for the 

KIHAPP complex in dynamic regulation of adaptation when environmental conditions become 

adverse. . 

Evenn though respiratory genes are relatively highly expressed on glucose in K. lactis, a two-fold 

inductionn is observed upon when cells are shifted from glucose to non-fermentable carbon 

sources.. In sharp contrast to S. cerevisiae, the Hap2/3/4/5 complex is not required for this 

inductionn in K. lactis, but how the induction is established is unknown. Chapter 4 describes our 

effortss to tackle this problem by unraveling the structure of the promoter region of the KIQCR8 

gene,, encoding a subunit of the respiratory chain. Identification of a 30 bp region mediating 

carbonn source dependent transcription raised speculations about a possible involvement of a 

RNA-polymerasee holoenzyme subunit in transcriptional regulation. Furthermore, the carbon 

sourcee dependent transcription was dependent on the presence of a functional KICAT8 gene, 

postulatingg a role of KICat8p in controlling respiratory function. 

Insteadd of studying transcription of a single gene, an excursion towards genome-wide 

expressionn is made in chapter 5. Heterologous hybridization of filters containing the protein 

codingg sequences of the S. cerevisiae genome was used to monitor transcripts levels in K. 

lactis.lactis. Not only did this reveal novel genes in K. lactis, but also revealed differences in transcript 

patternss between two K. lactis strains displaying differences in the glucose transport system. In 

thee JA6 strain, gene expression is programmed towards fermentative glucose metabolism, 
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whereass in the CBS2359 strain, glucose metabolism is directed towards the oxidative pathway. 

Thee results provide more insight in the different physiologies of the two strains and ultimately 

willl lead to a better understanding how different yeasts respond to environmental change. 
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