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Abstract 

Living cells constantly encounter fluctuations in nutrients, temperature, osmolarity and other 
environmental parameters. Through evolution, they developed sophisticated responding systems that 
enable them to adapt to adverse conditions. Molecular circuits underlying the complex cellular 
response, via different forms of protein-protein interactions and gene expression change are being 
elucidated with increasing detail. As a modeling organism, the yeast strain Saccharomyces cerevisiae 
has been extensively studied on diverse stress-responses, such as oxidation, heat shock or osmotic 
shock. The HOG (High Osmolarity Glycerol) pathway in yeast is responsible for signal transduction 
as well as osmo-regulation upon hyper-osmotic shock. The Hog1 protein plays a critical role in this 
signaling pathway, by activating glycerol (the key osmolyte in the adaptation process) production 
enzymes (Gpd1/Gpp2) as kinase and moderating more than 50 transcriptional factors which function 
as osmo-regulators in different aspects. It is reported that the total Hog1 protein abundance in 
wild-type cells is around 6780 molecules per cell under both isotonic and osmotic stress conditions. 
In this work, I constructed a yeast mutant PGAL (strain with hog∆ background carrying plasmid 
pGAL1-HOG1-GFP-CEN4) for which the Hog1 protein expression level was under the control of an 
inducible GAL1 promoter instead of its native promoter. The growth (growth rate and phenotypes) 
and protein dynamics (Hog1 localization) of the mutant strain following hyper-osmotic shocks of 
various intensities were investigated. I also constructed another mutant, using Hog1’s native 
promoter pHOG, and studied its corresponding properties as the PGAL strain. GFP (Green 
Fluorescent Protein) was tagged after the HOG1 gene. The whole Hog1 nuclear translocation 
processes as well as its relative expression levels were visualized with the help of confocal 
fluorescence microscopy. Fluorescence images showed that Hog1 expression in the PHOG strain 
(strain with hog∆ background carrying plasmid pHOG-HOG1-GFP-CEN4) was relatively low, 
despite being driven by the endogenous promoter. Moreover, images also confirmed that the GAL1 
promoter is induced by galactose. Results from growth curve measurement and growth phenotype on 
plates showed that the salt stress led to the appearance of growth defects (smaller number and size of 
single colonies, etc.) for mutant cells with a lower-than-normal Hog1 protein expression level. The 
mutant cells’ survival rate decreases with the increase in stress intensity. Single cell image analysis 
shows that, on average, nuclear Hog1 only occupy 6-8% of total Hog1 proteins before hyper-osmotic 
shock; while after osmotic shock, cytoplasm-Hog1 began to translocate into the nucleus within 1-2 
minutes and reached the peak percentage (%Hog1p) within 10-15 minutes. When treated with more 
intensive hyper-osmotic stress, yeast cells responded more rapidly, with a faster increase of Hog1 
proteins in the cell nucleus. In addition, for PGAL mutant induced by higher concentrations of 
galactose (which means a higher expression level of Hog1 protein), less Hog1 protein accumulated 
in the cell nucleus when treated with a certain osmotic shock.  
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