
VU Research Portal

Visualizing cellular adaptation in budding yeast during environmental changes

Botman, D.

2020

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Botman, D. (2020). Visualizing cellular adaptation in budding yeast during environmental changes. [PhD-Thesis -
Research and graduation internal, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 23. May. 2023

https://research.vu.nl/en/publications/5092491b-3dea-46e3-ab4b-fac892df1fae


 
5 

Summary 
In the presented thesis, we explored FP-based tools and fluorescence microscopy to study how S. 

cerevisiae (or budding yeast) adapts to changes in its environment at the single cell level. Obtaining 

single-cell data reveals how variable single yeast cells are between each other. However, to 

quantitatively use fluorescence techniques we first had to characterize the current available palette of 

fluorescent proteins with respect to their functioning in budding yeast. This work was performed in 

Chapter 1. In this chapter we show that fluorescent proteins have remarkably different properties in 

yeast compared to mammalian cells or bacteria. Additionally, we show how in vivo behavior of 

fluorescent proteins can be different from in vitro behavior. The best functioning fluorescent proteins 

were selected and codon-optimized for yeast. Subsequently, we demonstrate that these fluorescent 

proteins indeed improve fluorescent readouts. Next, the characterization of fluorescent proteins in 

chapter 1 was used to develop a FRET sensor for cAMP in yeast, which is presented in Chapter 2. cAMP 

is important for signaling changing environments. It is a second messenger which is produced when 

sugar becomes available. This results in a transient peak in cAMP, which subsequently drops back to an 

increased baseline. It is known that cAMP induces cellular changes in metabolism and stress responses 

but if and how the cAMP dynamics convey information, and how variable this is between cells, is still 

largely unknown. Using the sensor we show that cAMP responses of single-cells show a low 

heterogeneity. Furthermore, we shed light on the cAMP dynamics during various sugar transitions and 

what information these dynamics can convey. Next, we performed the same sensor optimization 

strategy for an ATP FRET sensor, which is shown in Chapter 3. We found that the original sensor was pH 

sensitive and had irregular baseline drifts. This hampers proper usage of the sensor, especially since 

intracellular pH is dynamic in yeast. Optimizing the fluorescent proteins of the sensor greatly improved 

its functioning. Using this sensor reveals, in contrast to cAMP responses, a high variability in ATP 

responses upon sugar transitions. These responses range from hardly responding to sugar addition to 

ending up in an imbalanced state with low ATP levels. Lastly, in Chapter 4, we studied spatial regulation 

of the GAPDH isoform TDH1 in an environment that changes from high amounts of glucose to a sudden 

lack of any carbon source. TDH1 is the minor isoform of GAPDH and its functioning is largely unknown. 

We show that various stresses induced its expression, but only the sudden carbon starvation gave 

localization of TDH1 to specific foci. These foci are reversible and disappear upon restoration of glucose 

availability. Finally, we found a specific function of TDH1 during carbon starvation. After long-term 

starvation, cells without TDH1 show increased cell death and longer lag phases after readdition of 

glucose. This suggests that TDH1 is important for survival of yeast during carbon starvation. 

The results presented in this thesis provide useful information to improve fluorescence single-cell 

measurements in yeast. Furthermore, we show that fluorescent readouts (e.g. via FRET sensors or 

protein tagging) can be used to greatly improve our understanding of yeast adaptation to changing 

environments at a single-cell level.  

 

 

 

 

 




