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I would like to express my deep gratitude for Van Uden Prize awarded to me by the 

Portuguese Society for Microbiology. It is a great honor for me to receive this prize, 

but at the same time, I must confess to all, it is also with emotion I receive it, for 

different reasons. First, Professor van Uden is someone very special to all of us in 

the yeast scientific community, particularly to me that had the luck and privilege to 

start and pursue great part of my scientific career with him. Secondly because it is 

an award from the Portuguese Society for Microbiology to which I have been 

linked almost since the beginning, sharing many of the challenges and dreams of 

the development of microbiology in Portugal. Thirdly, because the prize is awarded 

to me through its President, Professor Isabel Sá-Correia. Isabel is a close friend, 

with whom I had the opportunity and the happiness to share the bench lab when 

we were both at Gulbenkian Science Institute doing our PhDs. We have also shared 

so many challenges and scientific life dreams. Isabel, thank you for the friendship, 

for the collaboration, for your presentation about me and the so nice words you 

addressed me, but surely most excessive.  
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1. The best way I've found to pay tribute to the memory of Prof van Uden was to 

choose for this occasion one of his election subjects that was “Yeast performance in 

fermentative environments and how yeast lead with ethanol and other 

fermentation by-products”, a subject that has crossed my scientific activity, since 

its beginning, in 1980-84, when I was at Oeiras, Gulbenkian Science Institute. 

 

2. In my talk, I will center on alcoholic fermentation by S. cerevisiae focusing on the 

triangulation: “Nutrient consumption, growth/fermentation, cell 

death/aging”, revisiting some of the Van Uden´s physiological models, following 

them in light of the more recent molecular studies and sharing with you all some of 

the milestones and pieces of work associated with my scientific way.  

 

3. To provide you a framework of this presentation, I will initiate showing results 

we got in the eighties and nineties about the Effects of ethanol on yeast 

performance. It follows data showing the relevance these outcomes had on the 

study of the identification of the molecular players involved in the response of the 

yeast to fermentative environments; finally I will briefly show an integrative model 

of the physiological and molecular data I presented. 
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4. Beginning with the first topic “Yeast performance in fermentative 

environments”, during must fermentation, yeast cells deal with numerous 

environmental stresses such as progressive nutrient depletion, temperature 

variation and high alcohol concentration, which could have adverse effects on cell 

growth, cell viability and fermentative activity, leading to the so called stuck and 

sluggish fermentations that are still major problems for the wine industry.  

In the particular case of an alcoholic fermentation, the main challenge was to 

understand, at biological level, how these environmental factors, particularly 

ethanol, can affect the performance of the fermenting microorganism. 

 

5. One of the worldwide milestones in the 80’s - 90’s came from Prof. van Uden 

studies in yeast ethanol toxicity. His enthusiasm, scientific expertise and 

commitment to science lead to the attraction of a noteworthy number of national 

and international researchers and PhD students working on ethanol toxicity. The 

resulting data were published in several international journals, being in the 

forefront of the scientific advances on physiological and biochemical basis of the 

process.  

Making a great story short let me highlight some of the steps/milestones of these 

results, starting by the effects of ethanol on the temperature profile of S. cerevisiae. 
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6. Here we have an example. This is the typical temperature profile of S. cerevisiae, 

in the absence of ethanol. It is characterized by three main temperatures, the so 

called Top, Tmax and Tmin. As one can see, the presence of ethanol shifted the 

temperature profile of growth and death to a lower temperature, without 

disrupting it. At ethanol concentrations that depress Tmaxf below the process 

temperature, death will proceed, leading to the extinction of the viable population. 

Low temperatures may also enhance the toxicity of ethanol for yeast. Ethanol leads 

to cell death and increases the minimum temperature of growth, meaning that in 

the presence of ethanol, for example 11%, the Tmin is increased from 4 to about 12 

degrees. In addition, a temperature plateau of maximum ethanol tolerance ranged 

from 13—27°C at 11% (v/v) ethanol was found. In the strain of K. fragilis a similar 

plateau occurred but at 8% (v/v) ethanol, meaning that this species is less ethanol-

tolerant. So using this simple model, we can distinguish between yeast strains with 

respect to their tolerance to ethanol.  

7. As conclusion, at high process temperatures, such as may occur in red wine 

fermentations and in the industrial production of ethanol in warm countries, the 

temperature-enhanced toxicity of ethanol may lead to the so—called “heat 

sticking” of fermentations.  

In turn, low temperature fermentations (high alcohol beer, champagne) may be 

more sensitive to ethanol than fermentations at intermediate temperatures.  
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8. Following these results, it was also found that ethanol enhances “petite” 

mutation in S. cerevisiae shifting  the profile of “petite” mutation to  the Top and the 

Tmax that are established at the same ethanol concentration, indicating 

mitochondrial membrane as the target. 

 

9. But, when we go to permissive temperatures, the mechanisms that underlie the 

inhibition by ethanol of growth and fermentation could probably be different.  

The hypothesis was to look for the nutrient transport. Therefore, in subsequent 

years the kinetics of ethanol-inhibited transport in yeasts was worked out in some 

detail in Prof. van Uden lab’s.  

 

10. Briefly, it was found that at all permissive growth and fermentation 

temperatures ethanol inhibit the transport of main nutrients, glucose, maltose, 

ammonium and amino acids across the plasma membrane of S. cerevísiae. The 

inhibition was exponential and characterized by two parameters: the exponential 

inhibition constant (Ki) that expressed the alcohol inhibition degree and the 

minimum inhibitory concentration (MIC) of ethanol above which the effects were 

measurable.  
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But, though the inhibition by ethanol of all these transport systems  displayed 

similar exponential kinetics, the MIC and the Ki values were different. Thus, 

ethanol at concentrations above 0.33 M inhibited the glucose transport system 

with Ki of 0.62 l/mol, while the ammonium transport system was inhibited only at 

concentrations above a much higher minimum inhibitory concentration of ethanol 

(0.87). However, the inhibition was much stronger on the ammonium transport 

(1.48 ) than that on sugar transport (k = 0.62).  

 

11. Following these results, we have observed that during fermentation ethanol 

above 12% (v/v) induced rapid inactivation of the ammonium transport system in 

terminating protein synthesis. After, the glucose transport system was inactivated. 

This two-step mechanism play a decisive role when ethanol stops fermentation 

before all the fermentable sugar has been consumed. These relations are 

consistent with the fact that fermentation is more ethanol-resistant than growth. 

Therefore fermentation may still proceed when growth is already completely 

inhibited. 

12. Taking these results together, by simple physiological approaches, was 

possible to identify some of the main targets and underlying mechanisms in the 

ethanol toxic effects on yeast. As it is shown in this summary, ethanol strongly 

affects the temperature relations of growth and death on yeast, as well as the 
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nutrient transport, indicating the inner mitochondrial membrane and the plasma 

membrane as target sites.  

13. Ongoing in the nineties, it was also observed that in S.cerevisiae the apparent 

toxicity of added ethanol was lower than that produced by the yeast. So we decided 

to work on other end-products of fermentation. 

 

14. In wine industry one problem was the wine acidification associated with the 

presence of weak acids in the must fermentation.  

 

15. Thus we explored the subject toxicity of weak carboxylic acids in S. cerevisiae, 

by studying membrane transport systems and their regulation, the effects of acetic 

acid on cell death, the synergistic effects with ethanol and the implications on the 

survival of the yeast in acidic environments. 

 

16. The work began with Prof. Van Uden and was followed by many of us, most of 

it having been done at the Biology Department of the University of Minho, where 

on that time a great team of enthusiastic young researchers performed their PhD 

theses and that are in our days reference research groups, and still continue in this 

field. On this line, a huge amount of work was performed on the characterization of 

several nutrient transporters, in several yeast species, namely S. cerevisiae and 
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many other non-S. cerevisiae species with emphasis in spoilage food species like 

Zygossacharomyces bailii.  

 

17. Today, I will focus on acetic acid that is a by-product of Saccharomyces 

cerevisiae fermentation and that may also result from the metabolism of lactic and 

acetic acid bacteria.   

We characterized the transport system of acetic acid in glucose grown cells of S. 

cerevisiae. It was found that under glucose repression and at acidic pH, acetic acid 

enters the cells by diffusion of the undissociated form, once inside the cell at higher 

pH, it dissociates and leads to intracellular acidification, and anion accumulation. 

Furthermore, as we can see from these results, ethanol increases the uptake of the 

acid and its accumulation. After, inhibition of cellular metabolic activity, namely 

fermentation, growth and cell death could occur. 

From these results, we learnt that in S. cerevisiae, in fermentative media in the 

presence of glucose, the sugar is being fermented, and due to glucose repression, 

the respiratory chain is subject to glucose repression, acetic acid cannot be 

metabolized and negative effects can occur.  

 

18. Based on these data, we followed looking for what happened with other yeast 

species more resistant to acidic fermentative environments than S. cerevisiae that 
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can survive under such stress conditions where S. cerevisiae is no more able to 

survive.  

We studied in detail some of these yeast species, following several strategies. One 

of them was to study the peculiar case of Z. baillii that was one of the most 

dangerous in terms of wine spoilage. In fact, we were able to show that this strain, 

oppositely to S. cerevisiae and other species, Z. bailii was able to transport acetate 

and use it simultaneously with glucose, which allowed the yeast to remove acetic 

acid from the fermentative medium and thus avoiding their toxic effects. 

 

19. An example of practical exploitation of these results regards the development 

of a differential medium that is still used in our days for the Enumeration of the 

spoilage yeast Zygosaccharomyces bailii in wine and that can be considered as a 

differential medium to distinguish this spoilage species Z. bailii from other 

contaminating in wine.  

The design of the culture medium was based on the different ability of the various 

yeast species to grow in a medium with glucose and an weak acid supplemented 

with an acid-base indicator. Under these conditions only yeast strains able to use 

the acid in the presence of glucose, like Z. bailii strains, gave rise to alkalinization, 

associated with a blue color change of the medium. 
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20. Moving now to the second half of the nineties and the following years, when we 

were faced with the huge amount of molecular tools coming from the sequencing 

of the genome of S. cerevisiae in parallel with the human genome, that allowed us 

to deeply understand the mechanisms underlying the physiological patterns we 

got, but now at the molecular level.   

 

21. Let’s begin with death induced by acetic acid. From the physiological studies, 

we have found that in acidic fermentative environments, acetic acid at 

concentrations as may occur during alcoholic yeast fermentations induced death of 

glucose-grown cell populations of S. cerevisiae, not only at high process 

temperatures at which acetic acid is over 30-times more toxic than ethanol with 

respect to yeast cell viability, but also at temperatures at which thermal death was 

not detectable, as one can see here from the results we got at 26 oC.  

 

22. To further characterize the cell death induced by acetic acid at intermediate 

temperatures, we assayed for different apoptotic markers at low and high acid 

concentrations. Briefly, in cells treated with low acetic acid concentrations, it is 

possible to observed chromatin condensation on the periphery of the nuclei 

whereas nuclei of untreated cells were homogeneous in shape and density. Most of 

the cells treated with high acetic acid concentrations display extensive cell 
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disorganization with most intracellular structures destroyed, alterations that are 

typical of necrosis.  

Moreover, cells treated with low acetic acid concentrations show the simultaneous 

staining with FITC-coupled annexin V and PI, representing phosphatidylserine 

exposure at the outer surface of the plasma membrane, associated with a TUNEL-

positive phenotype.  

Altogether, these results show that low acetic acid concentrations are inducing cell 

death with an apoptotic phenotype, while at higher concentrations lead to a 

necrotic phenotype.  

 

23. As I told you before, the physiological models indicated that mitochondria is a 

target for the toxic effects of ethanol potentiated by acetic acid. Therefore, we 

decided to assess the involvement of the mitochondria in acetic acid induced 

apoptosis. As represented in the table, a decreased respiratory activity 

accompanied by a release of CytC from mitochondria to cytosol was observed. The 

results together indicate that yeast mitochondria participate in apoptotic process 

triggered by acetic acid.  

 

24. To further elucidate acetic acid induced apoptosis we performed a proteome 

analysis of S. cerevisiae apoptosing cells. This revealed that 28 proteins were 
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affected by acetic acid treatment pointing to the involvement of several cellular 

processes in the cell response to acetic acid-induced apoptosis, namely those 

involved in amino acid biosynthesis.  

 

25. The increased levels of proteins involved in amino acid biosynthetic pathways 

led us to revisit the physiological results about the effects of the acid in the 

transport systems. Notably, a general depletion of all analyzed amino acids after 

acetic acid exposure was observed, which is consistent with earlier studies 

showing that weak acid stress inhibits uptake of amino acids from the medium.  

Altogether, these results indicate that acetic acid is inducing an inhibition of amino 

acids uptake and that this is one of the important caused of cell death.  

 

26. Summing up, we proposed the following model for the underlying mechanisms 

of death induced by acetic acid at intermediates temperatures. 

Thus one of the causes of the toxic effects of acetic acid is to block the entry of the 

nitrogen sources, including that of ammonium that could lead to the depletion of 

amino acids inside the cells. Recently, we found that extracellular ammonium 

accumulation due to inhibition of its entry and of its metabolism or its addition 

could also be damaging. 
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27. In fact, and following these results we noticed that ammonium, which in yeast 

is a nitrogen source commonly used for growth and it is usually considered not 

toxic, is able to induce cell death in amino acid starved yeast cells. This cell death is 

characterized by different apoptotic markers, as I showed you before for acetic 

acid-induced cell death, such as reactive oxygen species production, chromatin 

condensation and DNA strand breaks. 

28. Similar to acetic acid induced cell death, apoptosis was followed by necrosis as 

shown in this panel by the nuclear release of Nhp6A, the yeast homolog of the 

HMGB1, a chromatin-bound non-histone protein. 

Interestingly, we also found that the use of ammonium as a nitrogen source 

decreased the viability of stationary phase of prototrophic strains compared to 

medium with glutamine as the nitrogen. These results can have important practical 

implications on fermentations carried by S. cerevisae that we are exploring.  

 

29. Moving towards the end of my presentation, in our days, we are extending this 

physiological and molecular integrative model to other non S. cerevisiae yeast 

species, selecting a strain of Z. bailli. We revisited physiological results regarding 

the targets and the mechanisms underlying the peculiar behavior of this strain that 

was more resistant to stress fermentative enviroments than S. cerevisiae and which 

oppositely to S. cerevisiae was able to use acetic acid in the presence of glucose. As 
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it is represented in this global picture, together with Prof. Isabel Sá-Correia group 

(there are communications on this subject in this Congress), we are applying an 

integrative approach through OMICS, namely metabolomics that confirmed and 

clarified the fate of acetic acid during glucose co-metabolism by Z. balii. In addition, 

the proteome during adaptation to acetic acid was evaluated and recently this 

strain was fully sequenced. Interestingly, data from the genome sequencing 

showed that this highly acetic acid-tolerant Zygosaccharomyces bailii ISA1307 

strain we used, originally isolated from a sparkling wine plant, is a natural 

interspecies hybrid strain. The genome is fully sequenced and is now under 

publication, which will allow a huge amount of molecular tools to further 

understand the yeast resistance in fermentative environments.  

We all are now exploring the yeast S. cerevisiae at different dimensions. First, as an 

honorary eukaryotic to understand basic cellular and molecular processes. 

Secondly, as a model to elucidate the physiology of pathogenic fungi and finally as a 

biological systems to study the function of different disease-related proteins.  

 

30. So, these were some of the small stories of my scientific History I choose to 

share with you all on this occasion.  

 



15 
 

Everything started at Gulbenkian Institute of Science at Oeiras with Prof. Van Uden, 

If the embryonic growth is crucial for our biological development, the scientific 

roots created at van Uden’s lab together with his  enthusiasm, scientific expertise 

and commitment to science were crucial for my scientific development. He was a 

visionary and brought to Portugal so many outstanding scientists. Overall, we 

could learn a lot with all the advanced courses at IGC in the 80’s, which spread 

knowledge throughout the entire Portugal. Believe that if nowadays the scientific 

life is difficult at that time it appeared almost impossible 

So for you all, young scientists facing the so difficult days, believe that with your 

perseverance, intelligence and creativity nothing and no one will be able to stop 

you. 

 

31. To finish, going down the memory lane, it’s with a mixture of emotion and 

happiness that I would like to express my deep gratitude to all that have worked 

with me along my scientific way, by their friendship and the achievements we got 

together. Being impossible to mention they all, I cannot go without addressing a 

very special word of gratitude to all in the Biology Department, where I have 

worked for a great part of my scientific career, and last but not the least to all in my 

current working place, my Dear Friends from the Life and Health Research 

Institute (ICVS) of the School of Health Sciences in the University of Minho.  
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32. Before ending, being a yeast lover and trying to contaminate you for the yeast 

world…I cannot end without sharing with you the beauty of colonies of yeast 

isolated from traditional bread doughs that are the basis for delicious handmade 

maize bread of the Minho Region (From the Book “A magia de um olhar sobre a 

beleza No fundo das masseiras”/  "The magic of a look at the beauty On the bottom 

of the dough troughs” (Tribute to Prof. Carlos Gancedo, Almeida MJ, Pais C. and 

Leão C., Madrid, 2007). 

_____________________________________________________________ 

 

 

 

 


