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The general objective of this research was to investigate the response of yeast 

to different stress conditions. More specifically, we assessed the conditions that 

are used in food industry to inhibit microbial growth. These include weak acid 

preservatives and salts. Generally, weak organic acids (WOA) do not kill 

microbes but rather inhibit their growth and prolong the lag phase [11]. The 

primary goal of this research was to try to unravel the major cause of growth 

inhibition by WOA, and the mechanisms that allow yeast to adapt and survive. 

Since cytoplasmic acidification is the most basic and obvious antifungal 

mechanism of these weak acids and intracellular pH is also known to control the 

growth rate in S. cerevisiae [8], we decided to focus on the pHi response to 

different stress conditions. 

 

In chapter 1 we have reviewed that S. cerevisiae is an excellent model spoilage 

yeast because much is known about its physiology and genetics. We have 

discussed the importance of intracellular pH regulation in yeast. Maintenance of 

intracellular pH in the physiological range is vital for cellular function because 

pHi influences nearly all biochemical and biosynthetic processes in the cell. 

Yeast has a well-developed system to maintain and regulate pHi in different 

growth and stress conditions where Pma1p, while using 20-70% cellular ATP, 

plays a major role. Other pHi regulators are V-ATPase, Trk1p, Pma2p, Nhx1p, 

Nha1p [12], and also mitochondrial function, are crucially important in pH 

control [2]. In the 2nd part we discussed how yeast responds to various stress 

conditions and how this interacts with pHi regulation and signaling. We focused 

on stress conditions that are used in food industry to inhibit microbial growth.  

 

In chapter 2, we studied the effect of four different WOA (HS, HB, HP, HA) on 

growth, pHi and membrane integrity of S. cerevisiae. Cellular acidification, anion 

accumulation, ATP depletion, and membrane disruption have all been shown to 

contribute to the growth inhibition by WOA [13]. We have systematically studied 

their antifungal mechanisms. We confirmed that growth inhibition is dependent 

on the lipophilicity of WOA [11]. Previously it was suggested that lipophilic acids 

damage the plasma membrane causing them to be more toxic [14]. In our 

hands, lipophilic WOA did not lead to lossof plasma membrane integrity, but 

they acidified cells much faster than less lipophilic acids. Cells were unable to 

restore pHi after lipophilic acid exposure (e.g. HS) in contrast to less lipophilic 
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acids (e.g. HA) that allowed a large extent of pHi recovery. Therefore, we 

suggested that if the diffusional entry is very fast, it is difficult for cells to 

maintain pHi homeostasis. We showed that acetic acid inhibits growth primarily 

through cytoplasmic acidification. Since the entry rate of this acid is much 

slower than for the more lipophilic acids, cells can easily restore their pHi and 

much higher acid dosages are required to inhibit growth compared to lipophilic 

acids (HS & HB). Cells with 50% reduced Pma1p activity were extremely 

sensitive to HA, which confirmed that acidification is a major of cause of growth 

inhibition [14]. The same cells showed no increased sensitivity to more lipophilic 

acids (HS, HB, HP) suggesting that acidification is not the main cause of growth 

inhibition. We confirmed that cells without Pdr12p were sensitive to HS, HB, HP 

[15]. Interestingly, mutants defective in anion export failed to recover pHi. This 

introduced the possibility that increased anion concentrations inhibit proton 

extrusion activity [16].  

As soon as protons and anions are pumped out, at the low pHex they will 

reassociate and again enter the cells. Yeast might remodel the cell envelop 

(plasma membrane and cell wall) to decrease diffusional entry, but this is not 

well-established [13, 17]. We showed in chapter 3 that adaptation of cells to 

WOA leads to a lower acidification rate upon renewed acid exposure. We show 

that this is due to remodeling rather than to increased proton and anion 

expulsion capacity. This expulsion is, however, essential to resume growth. 

Pma1p and Pdr12p dependent resistance is energetically very expensive, and 

therefore depletion of ATP could also be a limiting factor for growth [15, 18]. We 

studied ATP levels of HS and HA stressed cells of S. cerevisiae wild-type, 

pma1-007 and pdr12Δ. We have used moderate and severe concentrations of 

both acids. Interestingly, we observed that at moderate stress ATP consumption 

was high compared to severe stress for both acids. With sorbic acid stress, 

pdr12Δ maintained ATP levels higher than wild-type cells suggesting that 

Pdr12p consumes significant ATP in wild-type cells. Surprisingly, pdr12Δ did not 

show significant sensitivity to HS compared to wild-type. Overall we conclude 

that ATP is not the limiting factor or the major cause of growth inhibition. The 

fact that yeast exposed to severe stress maintained higher ATP levels strongly 

suggests that futile ATP consumption is prevented.  
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Salts are also used as food preservatives. They decrease water activity and 

lead to reduction of microbial growth. In chapter 4, we have studied the effect 

of osmotic and cation stress on growth and intracellular pH of S. cerevisiae. We 

found that a decrease in pHi in response to salt stress in most cases reflected 

the increased osmolarity rather than being cation specific. Moreover, this 

acidification was not the consequence of cell’s shrinkage. In addition, we found 

that the high-osmolarity glycerol (HOG) mitogen-activated protein kinase 

(MAPK) pathway required for osmo-adaptation is not involved in pHi 

homeostasis under osmotic stress. Although Hog1p does not play a role in pHi 

homeostasis upon osmostress, it does control pHi and growth recovery upon 

weak acid stress. Furthermore, we showed that Hog1p dependent Fps1p 

degradation is not the cause of resistance. Thus, we provide new insights into 

the role of Hog1p pathway in the coordination of osmotic and acid stress 

response.  

 

Regulation of pHi is not well characterized in the pathogenic yeast Candida 

glabrata. In chapter 5, we adapted the use of ratiometric pHluorin to measure 

intracellular pH of C. glabrata. We investigated pHi responses of C. glabrata to 

various environmental conditions that reflect the potential niches associated 

with host colonization and infection. We compared the results with the model 

yeast S. cerevisiae, as the two are phylogenetically closely related.  
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