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Summary of thesis 

In this thesis, we investigated the role of metabolic rates, such as the rate of glycolysis 

and the overall rate of protein synthesis, on cell cycle commitment and progression in 

Saccharomyces cerevisiae. In Chapter 1, we presented evidence from the literature that 

metabolic fluxes are critical determinants of the cellular phenotype, we proposed a model 

of how flux-dependent regulation occurs, and identified candidates for flux-signalling 

metabolites through a meta-data analysis. In Chapter 2, we demonstrated that the flux 

through glycolysis is the critical parameter that controls the entry of cells to the non-

dividing state of quiescence, or the commitment to the cell division cycle. In Chapter 3, 

we tested the role of glycolytic flux on cell cycle progression after the commitment to the 

cell division cycle. We found that cells, which were deprived of glucose after the 

commitment, arrested bud formation, but would continue and complete DNA replication. 

Moreover, we found that cells with low rate of glycolysis could also stochastically display 

this behaviour. The findings of Chapters 2 & 3 showed that metabolic rates determine 

whether S. cerevisiae cells enter and successfully complete the cell division cycle. 

Therefore, in Chapter 4, we addressed the question on how the rate of metabolism 

mechanistically triggers the commitment to the cell cycle. By performing dynamic, single-

cell measurements of fluorescent-protein levels and cell size, we found that the rate of 

protein synthesis increases right before the commitment to the cell cycle. By using a 

novel method for monitoring the levels of the cell cycle activator Cln3, we could show that 

Cln3 synthesis correlates with the rate of protein synthesis, and that, in contrast to the 

current notion, the concentration of Cln3 peaks close to the moment of the cell cycle 

commitment. These results suggested that the dynamics of the rate of protein synthesis 

are crucial for the decision to enter the cell cycle, and provided a possible mechanistic 

link between metabolic rate and cell cycle commitment in S. cerevisiae. 

 

Future outlook 

In this thesis, we identified a strong dependence of cell cycle commitment and 

progression on metabolic rates in S. cerevisiae. Nevertheless, our findings generated 
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also new questions, which can form the basis of new research. Below, we elaborate on 

these questions. 

 

A mechanistic link between metabolic activity and cell cycle commitment 

In Chapter 2, we show that the rate of glycolysis dictates whether yeast cells commit to 

the cell division cycle, and in Chapter 4 that the overall rate of protein synthesis, and 

consequently, Cln3 levels, peak close to the moment of the commitment. To prove that 

glycolytic flux controls START through shaping the levels of Cln3, then the effect of 

different glycolytic flux levels on the rate of protein synthesis, and thus, Cln3 

concentration should be determined, and the impact of flux-related changes in Cln3 

concentration on START traversal should be assessed. 

 

Do internal carbohydrate pools secure DNA replication at harsh environmental 

conditions? 

In Chapter 4, we show that S. cerevisiae cells complete DNA replication even when they 

are completely deprived of extracellular carbon sources. This finding suggests that at 

these conditions internal carbohydrate storage might be responsible for providing 

sufficient precursors and energy for DNA synthesis. In fact, recent studies demonstrated 

that carbohydrate storage is liquidized at the cell cycle phase where DNA synthesis takes 

place (Ewald et al, 2016; Zhao et al., 2016), and it was also estimated that stored 

carbohydrates are indeed sufficient to support DNA replication (Zhao et al., 2016). An 

experiment where carbohydrate-storage utilization mutants would be exposed to the 

sudden deprivation of glucose, and cells would not be able to complete DNA replication, 

would confirm our hypothesis.  

 

At the wrong place the wrong time: the role of the nuclear Whi5 localization during G2 
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In Chapter 3, we found that Whi5 can localize pre-maturely in the nucleus in cells 

arrested at G2 due to low glycolytic rates. Such an early sequestration of Whi5 in the 

nucleus was previously considered not to be possible in cells with an intact cell cycle 

machinery (Charvin et al., 2010), and according to our knowledge, Whi5 was never 

before reported to localize in the nucleus in the G2 phase of the cell cycle. We found that 

when the glycolytic rate was increased by supplementation of fresh glucose, Whi5 exited 

the nucleus and cells completed their cell cycle. Whether the early shuttling of Whi5 to 

the nucleus is an event that is actively involved in establishment and/or maintenance of 

the G2-arrest, is an interesting question that future studies could address. Employing 

optogenetic systems for light-induced protein localization control (Wang et al., 2016) 

would be an elegant way to force Whi5 out of the nucleus during G2, and characterize the 

response of the arrested cells.  

 

START: Cln3, Whi5, or both? 

In Chapter 3, we showed that the levels of Cln3, a well-established potent activator of the 

cell cycle (Nash et al., 1988; Tyers, Tokiwa and Futcher, 1993) peak around the moment 

of the cell cycle commitment (START). However, since it was previously thought that Cln3 

levels are constant during G1, the latest model for START regulation does not involve an 

increase in Cln3 levels, but rather, a decrease in the levels of the cell cycle inhibitor and 

Cln3-target Whi5 (Schmoller et al., 2015). Therefore, is the increase in Cln3 

concentration, the decrease in Whi5 concentration, or the combined effect of these two 

events the critical trigger for START activation? Experiments where the levels of Cln3 and 

Whi5 will be concomitantly measured in the same cell, and the relative change in the 

concentration of each of these regulators prior to START will be estimated, could 

probably provide the answer to this question. 
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Conclusion  

Together, our results show that for Saccharomyces cerevisiae, cell division is indeed a 

metabolic problem (Cai and Tu, 2012; Lee and Finkel, 2013). Recently, it was 

demonstrated that the cell-cycle machinery is coupled to an autonomous metabolic 

oscillator which potentially triggers the occurrence of cell cycle events (Papagiannakis et 

al., 2017). This thesis proves that changes in metabolism alone are sufficient to trigger 

the initiation of the cell cycle program independently of extracellular inputs, and provides 

a substantial framework on how metabolic rates can be translated into cell fate decisions. 
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