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Professor Dr. Helmut Ruis 

This meeting was dedicated to Helmut Ruis, who organized the scientific program with Joaquin 
Ariño, but tragically died of a never fully determined illness on September 151

, 2001. 

Trained as an organic chemist, Helmut Ruis made many invaluable contributions towards the 
advancement of Austrian Biosciences. During the 1980s he was one of the driving forces in the 
founding stages of the Vienna Biocenter. In his research he made significant contributions to the 
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Living cells must adapt to changes in the environment to survive. In many cases, these 
changes compromise cell growth or even cell survival, and adaptation requires a fast and 
complex functional response. By analyzing at the molecular leve! the characteristics of this 
response, we can leam about many aspects of the cell biology. Stress responses are 
particularly relevant in microorganisms, because conditions in their environment are far from 
constant and they have to face sudden changes in temperature, nutrient availability, 
osmolarity or exposure to toxic ions. Because of their accessibility to very powerful genetic 
tools, yeasts (particularly S. cerevisiae) represent a very useful model to study stress response 
mechanisms that are often conserved in more complex organisms. 

The aim of this workshop has been to analyze, from different points of view, the most 
recent findings on the response of yeasts to stress, and to identify relevant aspects that could 
serve as starting points for research in plants and animals. Many different types of stress have 
been examined, such as osmotic and saline, oxidative, temperature, pH, n1,1tritional ... It has 
been pointed out how yeast cells integrate different stress signals to provide a general 
response. The initial step requires sensing of the stress condition. The sensing machinery has 
been elucidated in sorne cases, such as osmotic stress, but the problem still remains unsolved 
in many others. Transduction of the stress signa! often involves elements that are fully 
conserved among eukaryotes: heat shock factors, cAMP-dependent protein kinase (PKA) or 
MAP kinases modules. A general feeling among the participants was that more examples of 
conserved mechanisms should be expected to emerge within the next few years. Finally, the 
response generates in many cases changes in gene transcription, that have been thoroughly 
examined by DNA microchip analysis in the last few years, although other mechanisms such 
as changes in RNA stability or even translational control cannot be excluded. 

Yeasts are not only important as a research model, but also key elements in food 
production and biotechnology (clearly the case of S. cerevisiae). These aspects were not 
omitted in the workshop, as they were addressed by different talks and poster presentations, 
pointing out how better understanding of yeast stress response can not only help · us to 
understand how living cells function, but also lead to improvements in very old (and often 
pleasant) processes, such as wine making. 

Joaquín Ariño 
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TOR signaling: control of cell growth in response to nutrients 

Michael N. Hall 

Division ofBiocheinistry, Biozentrum, University ofBasel, Klingelbergstrasse 70, 
4056 Base!, Switzerland 

The Saccharomyces cerews1ae targets of rapamycin TOR1 and TOR2 are 
phosphatidylinositol (PI) kinase-related protein kinases that actívate cell growth in response 
to nutrient availability (1). A TOR deficiency or rapamycin treatment causes a nutrient stress 
response, including inhibition of translation initiation, arrest in the G1 phitse of the cell cycle, 
glycogen accumulation, autophagy, down-regulation · of glycolysis, rRNA, tRNA, and r­
protein genes, and up-regulation of tricarboxylic acid (TCA) cycle genes (1-9). The TORs 
control cell growth via at least two signaling pathways. 

Inhibition of phosphatase actiVity appears to be a majar mechanism of TOR signaling, 
in both yeast and mammalian cells. In yeast, TOR negatively regulates the type 2A-related 
phosphatase SIT4 by promoting the association of this phosphatase with the inhibitor protein 
T AP42 (1 0). U pon TOR-inactivating conditions, nitrogen starvation or rapamycin treatment, 
T AP42 dissociates from SIT4, perrnitting the phosphatase to act on target proteins such as the 
GATA-binding transcription factor GLN3 or the Ser!fhr kinase NPRl. Dephosphorylated 
GLN3 dissociates from the cytoplasinic anchor protein URE2 and moves into the nucleus to 
actívate target genes. Dephosphorylated and activated NPR1 controls the ubiquitination and 
stability of nutrient perm~ases. 

In collaboration with the group of Kim Arndt, we have recently found that TOR 
controls the association of SIT4 and T AP42 via the conserved, T AP42-interacting protein 
TIP41 (11). Deletion ofthe 17P41 gene confers partial resistance to rapamycin, suppresses 
the growth defect of a tap42 mutant, and prevents dissociation of SIT4 from T AP42. 
Furthermore, a TIP41 deletion prevents SIT4-dependent events such as dephosphorylation of 
NPR1 and nuclear translocation of GLN3 . Thus, TIP41 negatively regulates the TOR 
pathway by binding and inhibiting the TOR-effector TAP42. The binding ofTIP41 to TAP42 
is stimulated upon rapamycin treatment or nitrogen liinitation, via SIT4-dependent 
dephosphorylation of TIP41, suggesting that TIP41 is part of a feedback loop that rapidly 
amplifies SIT4 phosphatase activity under TOR-inactivating conditions. Our findings in 
yeast suggest that the as-yet-uncharacterized marnmalian counterpart of TIP41 may be a 
tumor suppressor. 

Current work aimed at answering sorne of the following questions will be presented. 
How are nutrient levels interpreted by TOR? What are the identities and functions of TOR­
associated factors? Is there cross-talk between TOR and other nutrient-responsive signalling 
cascarles, such as the RAS/PKA pathway? 

Refereoces: 
l . Schmelzle, T. & Hall, M. N. (2000) TOR, a central controller of cell growth. Ce// 103, 253-262. 
2. Kunz, J., Henriquez, R , Schneider, U., Deuter-Reinhard, M., Movva, N. R. & Hall, M. N. (1993) Target of 
raparnycin, TOR2, is an essential phosphatidylinositol kinase homolog required for Gl progression. Ce// 73, 
585-596. Instituto Juan March (Madrid)
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3. Barbet, N. C., Schneider, U., Helliwell, S. B., Stansfield, I., Tuite, M. F. & Hall, M. N. (1996) TOR 
controls translation initiation and early Gl progression in yeast. Mol. Biol. Ce/17 , 25-42. 
4. Noda, T. & Ohsumi, Y. (1998) TOR, a phosphatidylinositol kinase homolog, controls autophagy in yeast. 

J. Bio/. Chem. 273 , 3963-3966. 
5. Zaragoza, D., Ghavidel, A. , Heitrnan, J. & Schultz, M. C. (1998) Rapamycin induces the GO program of 
transcriptional repression in yeast by interfering with the TOR signaling pathway. Mol. Ce/l. Bio/. 18, 4463-

4470. 
6. Powers, T & Walter, P. (1999) Regulation of ribosome biogenesis by the rapamycin-sensitive TOR 

signaling pathway in Saccharomyces cerevisiae . Mol. Biol. Ce/110, 987-1000. 
7. Hardwick, J. S., Kuruvilla, F. G., Tong, J. K., Shamji, A. F. & Schreiber, S. L. (1999) Rapamycin­

modulated transcription defines the subset of nutrient-sensitive signaling pathways directly controlled by the 
TOR proteins. Proc. Nat/. Acad. Sci. 96, 14866-14870 .. 
8. Cardenas, M. E. , Cutler, N. S. , Lorenz, M. C., Di Como, J. C. & Heitman, J. (1999) The TOR signaling 
cascade regulates gene expression in ·response to nutrients. Genes Dev. 13, 3271-3279. 
9. Komeili, A., Wedaman, K. P., O'Shea, E. K. & Powers, T. (2000) Mechanism 'ro metabolic control: Target 
of rapamycin signaling links nitrogen quality to the activity ofthe Rtgl and Rtg3 transcription factors . J. Ce/l. 

Biol. 151, 863-878. 
10. Beck, T. & Hall, M. N. · (1999) The TOR signalling pathway controls nuclear localization of nutrient­
regulated transcription factors. Nature 402, 689-692. 
11. Jacinto, E., Guo, B. , Arndt, K. T., Schmelzle, T., & Hall , M. N. (2001) TIP41 interacts with TAP42 and 
negatively regulates the TOR signaling pathway. Mol. Ce/18, 1017-1026. 
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Role of the Snfl kinase in transcriptional and developmental responses to 

nutrient stress 

Marian Carlson, Sergei Kuchin, Valmik K. Vyas and Cristin Berkey 

Columbia University, New York, NY 10032 USA 

The Snfl protein kinase has broad roles in transcriptional, metabolic, and 
developmental regulation in response to stress in fungi, plants, and animals [1 , 2]. In 
Saccharomyces cerevisiae, the Snfl kinase is required for adaptation to glucose limitation and 
has been implicated in responses to salt stress, starvation for other nutrients, and heat shock. 
The response to glucose limitation has long been known to entail transcriptional and 
metabolic changes, and recent work has shown that haploid S. cerevisiae cells also undergo a 
transition between yeast-form growth and filamentous invasive growth, which requires the 
Snfl kinase [3]. 

Invasive growth depends on the FLO 11 gene, which encodes a cell surface flocculin 
and has a large and complex promoter that is regulated by the PKA and MAP kinase 
pathways [ 4]. We ha ve shown that FLO 11 expression is al so regulated by the Snfl kinase. 
One of the roles of the Snfl kinase in promoting invasive growth in response to glucose 
depletion entails antagonism of two zinc-finger repressors, Nrgl and Nrg2 [5], which inhibit 
FL011 expression. 

S. cerevisiae cells contain three isoforms of the Snfl kinase, each with a different P 
subunit, Sip l, Sip2 or Gal83. Although the P subunits exhibit significant functional 
redundancy, they have important roles in regulating specificity and subcellular localization of 
the kinase. The Gal83 subunit becomes nuclear localized in response to glucose limitation. 
We present evidence that Snfl affects invasive growth by a pathway involving the Gal83 
isoform of the kinase. 

Refereoces: 
l. Hardie, D.G. , D. Carling, and M. Car1son. 1998. Ann. Rev. Biochern. 67: 821-55. 
2. Gancedo, J.M. 1998. Microbio!. Mol. Biol. Rev. 62: 334-361. 
3. Cul1en, P.J. and G.F. Sprague, Jr. 2000. Proc. Natl Acad. Sci. USA 97: 13619-13624. 
4. Rupp, S., E. Surnrners, H.-J. Lo, H. Madhani, and G. Fink 1999. EMBO J. 18: 1257-1269. 
5. Vyas, V.K. , S. Kuchin, and M. Carlson. 2001. Genetics !58: 563-572. 
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Hydroperoxides and electrophiles sensing by the Yapl transcription factor 

Michel B. Toledano, Agnes Delaunay, Benoit Biteau, Dulce Azevedo, Dan Spector, 
Frederique Tacnet 

SBGM/DBCM/DSV, CEA-Saclay, Gif-sur-Yvette 91191 CEDEX France. E-mail: 
toledano@jonas. sacia y. cea. fr 

Yapl and Skn7 are two yeast transcriptional activators which co-operate to regulate 
the H20 2 response. Deletion of either regulator results in H20 2 hypersensitivity and the 
inability to induce the expression of about 1 00 proteins in response to this oxidant, including 
most yeast antioxidants, the thioredoxin and GSH thiol redox control systems, the pentose 
phosphate pathway and other stress genes. Yap 1 fulfils the definition of an oxidative stress 
sensor since in the presence of low H20 2 levels, it is activated by oxidation and disulfide bond 
formation, which control its nuclear export by the export receptor Crm l . The partial 
constitutive and sustained Y ap 1 activity in thioredoxin pathway mutants suggest that 
thioredoxins catalyze its reduction (deactivation). Yap1 is also activated by the 0 2- generating 
drug menadione, cadrnium and severa! electrophiles. The question is whether there exist an 
unifying mechanism for the activation of Yap1 by these different compounds. Surprisingly, 
in these cases, there is no need of disulfide formation for activation. Instead, one e-terminal 
cysteine is sufficient for activation, suggesting either the oxidation of one or more cysteine 
residues to a sulfenate, or formation of an adduct between cysteine residues and these 
compounds. The more potent Yap 1 response to cadrnium and diarnide in mutants with low 
GSH levels rnight indicate a direct competion between GSH and Yap 1· sulthydrils for the 
binding of these compounds, and is consistent with the idea of adduct formation . Finally, we 
will also present recent data on the purification of Yap 1 and molecular details on its activation 
by peroxides and electrophiles. 

Instituto Juan March (Madrid)
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A genetic and genomic dissection of iron metabolism 

Jerry Kaplan 

Department ofPathology, School ofMedicine Univ. ofUtah Salt Lake City, Útah 

!ron is an essential element for all eucaryotes and most procaryotes. !ron is a substrate 
for heme, the major oxygen binding and sensing molecule in cells. Because of its facile ability 
to gain and loose electrons, iron has become a required co-factor in oxidation-reduction 
reactions. The same ease by which iron gains and looses electrons has also made iron a 
potentially toxic molecule capable of generating reactive oxygen radicals. All organisms 
tightly control the concentration of iron in biological fluids by regulating the rates of iron 
uptake and storage. 

The facile genetics of yeast have permitted an in depth understanding of the 
mechanisms of iron transport and storage. A number of different screens have led to the 
identification of genes for high and low affmity plasma membrane iron transport systems. 
These screens have also led to the discovery of the iron-sensing transcription factor that 
regulates the high affinity iron transport system. This system is comprised of Fet3p, a cell 
surface ferroxidase and Ftr lp a transmembrane permease. Fet3p is a multicopper oxidase that 
obtains its copper in a trans-Golgi vesicle. The proper targeting of holoFet3p to the cell 
surface requires both normal copper homeostasis as well as vesicular traffic. Thus, analysis of 
iron transport mutants has led to the discovery of genes required for copper transport and for 
vesicular traffic. The sarne genetic screens and approaches have also uncovered intracellular 
iron transporters. Genes that affect mitochondrial iron transport and vacuolar iron storage 
have been identified and in sorne cases characterized. 

The genetic analysis of transition metal metabolism has been greatly enhanced by two 
recen! technological developments, transcript profiling through Microarray analysis and the 
generation of large-scale genomic screens. Microarray analysis for example has led to the 
discovery of a family of siderophore transporters. A large-scale genomic screen has 
uncovered a number of genes involved in the targeting and assembly ofholoFet3p. 

Studies in yeast have had great impact in understanding iron and transition metal 
metabolism in other species. The abi lity to complement specific yeast mutants has to the 
identification of genes · for metal transporters in other species. Many of the genes that affect 
transition metal homeostasis in Saccharomyces cerevisiae have orthologues in other 
eucaryotes extending from plants to humans. Understanding the functi on of these 
orthologues have led to insights into both normal and disease processes. 

Referenccs: 
Babcock M., DeSilva D., Oaks R. , Davis-Kaplan S., Jiralerspong S., Montennini L., Pandolfo M. and Kaplan J. 

(1997) Regulation of mitochondrial iron accumulat ion by Yíhlp, a putative homolog of Frataxin . Science 

276:1709- 1712. 

Radisky D.C. and Kaplan J. (1999) Regulation of Transition Metal Transpon across the Yeast Plasma 

Membrane. J . Biol. Chem. 274 :4481-4484. 

Li, L, Chen O.S ., and Kaplan J. (2001) CCCI is a transponer that mediales vacuolar iron storage in yeast. J.Biol 

Chem. 276 :29515-9. 
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Grx5 is a mitocbondrial monotbiol glutaredoxin involved in Fe/S cluster 

assembly and iron bomeostasis in yeast 

Gemma Bellí, María Teresa Rodríguez-Manzaneque, Jordi Tamarit, Julio Polaina!, Joaquim 
Ros and Enrique Herrero 

Department ofBasic Medica! Sciences, Faculty ofMedicine, University ofLleida, Spain; and 
Instituto de Agroquímica y Teconología de Alimentos, CSIC, Valencia, Spain 

Yeast cells contain three proteins (Grx3, Grx4 and Grx5) with glutaredoxin signatures 
and a single cysteine residue at the putative active site (PKCGFSR), the lack of GrxS leading 
to a dramatic increase in the sensitivity to oxidative stress caused by externa! agents, and also 
resulting in constitutive protein oxidation in the absence of externa! oxidants and growth 
defects in media lacking amino acid supplements (1). A number of point mutants have been 
created that show that the cysteine residue in the above sequence is essential for the biological 
activity of GrxS. Changes in activity in the mutants ha ve been correlated with the effects on 
the three-dimensional structure of Grx5, that has been predicted from the conformation of 
other dithiol glutaredoxin proteins (2). 

The growth defects of grxS mutants are suppressed by overexpression of SSQl and 
ISA2, involved in the biogenesis and assembly of Fe/S clusters at the yeast mitochondria (3). 
GrxS localizes at the mitochondrial matrix, as other proteins of the Fe/S cluster assembly 
complex (3-6). GrxS derivatives lacking the amino-terrninal residues compartimentalize at the 
cytosol, and yeast cells that exclussively express this truncated form behave as null mutants. 
Severa! phenotypes of the grxS cells are similar to those of other mutants in Fe/S cluster 
assembly: high frequency of petite cells, inactivation of mitochondrial enzymes containing 
Fe/S clusters and iron accumulation. The inactivation of Fe/S enzymes is the primary defect 
due to the absence of GrxS, which would lead to the accumulation of iron, constitutive 
oxidation of cell proteins and lack of activity of Fe/S enzymes required for the synthesis of 
three amino acids (leucine, lysine and glutamic acid). GrxS would act on protein mixed 
disulphides formed during Fe/S assembly. 

References: 
(1) Rodríguez-Manzaneque, M.T. et al. (1999) Mol. CeU. Biol. 19:8180. (2) Martin JL (1995) Structure 3:245. 
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Instituto Juan March (Madrid)



Session 2: Saline, osmotic and other forms of stress 
Chair: Paul Russell 

Instituto Juan March (Madrid)



23 

Control of transport proteins in yeast osmoadaptation and tbeir effects on 

osmosbock-induced signalling 

Stefan Hohmann 

Department ofCell and Molecular Biology, Góteborg University, Box 462, S-40530 
Góteborg, Sweden. Tel.: +46 3J 773 2595, E-mail: hohmann@gmm.gu.se 

Osmotic stress is associated with the flux of water out of the cell (hyperosmotic stress) 
or into the cell (hypo-osmotic stress). In mammals and plants it is well established that water 
flux through cellular membranes is controlled by a multitude of specialised water channels, 
aquaporins (4). For instance, .human has JO and Ar.abidopsis 35 members of the aquaporin 
farnily (also called MIP farnily) . The yeast Saccharomyces cerevisiae has two. Curiously, all 
but one (Il278) of the commonly used labonitory strains carry alleles of the genes AQYJ and 
AQY2 that encode inactive gene products (3, 5): Hence, under laboratory conditions, 
aquaporins do not play an essential role in yeast physiology. 

Aqy2p is a plasma membrane water channel. Expression of AQY2 is controlled by 
growth and osmotic signals. The gene is specifically expressed during rapid proliferation. 
Hyper-osmotic shock leads to downregulation of the expression of AQY2 and this effect 
requires the HOG osmosensing MAP kinase pathway. Subsequent shift to low osmolarity 
stimulates expression of AQY2. Together with the observatión that ectopic expression of 
human AQPJ in yeast causes sensitivity to high osmolarity these observations indicate that 
Aqy2p plays a role in water export and assists in the control ofturgor during growth. 

Expression of AQYJ is controlled by developmental .signals. the ¡irotein is detectable 
only in yeast spores sU:ggesting that it · participates either in spore maturation or spore 
getmination. The aquaporin farnily is divided into two main branches, the aquaporins sensu 
stricto and the glycerol facilitators. Yeast Fps J p is such a glycerol transport protein and it 
plays a crucial role in yeast osmoadaptation by controlling the intracellular gl)'cerol leve! (8). 
Glycerol is well known as the major osmolyte in yeast cells and it is produced and 
accumulated to high levels under hyperosmotic conditions (J, 2). Mutants ladcing Fpslp 
(/psi Ll) fail to rapidly export glyceroJ after a hypo-osmotic shock and show a decreased 
survival. Hence, yeast cells show a response related to regulated volume decrease (RvD) 
known from mammalian cells. In addition jpsl Ll mutants show severa! additional phenotypes 
related to glycerol export and osmotic regulation (7, 8, JO). 

Glycerol transport through FpsJp is rapidly regulated upon osmotic . shock and 
.proba,bly FpsJp senses osmotic changes itself. We have characterised in det¡¡_il a small 
regulatory domain within the N-terminal extension of FpsJ p that is required for channel 
closing. Molecular modelling suggests that this domain may provide a inembrane anchor, 
thereby possibly sensing osmoshock-induced changes in the membrane, or fold back to close 
the channel. Also sequences within the C-terrninal extension seem to be required for proper 
channel regulation.Mutants expressing Fpslp that is unable to rapidly close upon a 
hyperosmotic shock loose most of the glycerol they produce and are sensitive to high 
osmolarity (6, 8). FPSJ deletion mutants and strains expressing hyperactive alleles can be 
used to manipulate the osmotic response in order to study aspects of the signa! transduction. 
This is illustrated in two examples. 
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Adding high glycerol levels to the growth medium activates the HOG pathway. This 
even leads to transcriptional responses, such as elevated expression of GPD 1, which encodes 
an enzyme in glycerol biosynthesis. However, no such response is observed in a strain 
expressing truncated Fpslp, which does not clase upon osmotic shock. This is probably due 
to glycerol rapidly equilibrating across the membrane in that strain, illustrating that the HOG 
pathway is stimulated by turgor or volume changes and not by water stress per se. The latter 
is in accordance with the observation that ethanol does not stimulate the HOG pathway (9). 

We also use different alleles of Fpslp to study feedback regulation of the HOG 
pathway. The para!! el monitoring of different events in osmotic adaptation, Hog 1 p 
phosphorylation, mRNA levels, protein production, glycerol accumulation and proliferation, 
demonstrate that mutants unable to rapidly accumulate glycerol show a much prolonged and 
more pronounced response. Specifically, there seems to be a good correlation between the 
decline in Hoglp phosphorylation and the mRNA leve! ofHOG target genes and the onset of 
glycerol accumulation. These observations suggest that feedback regulation of the pathway 
requires successful execution of the central aspect of the adaptation programme, the 
accumulation of glycerol. Indeed, the HOG pathway can be stimulated with a second osmotic 
shock at any time during the adaptation from a first shock, illustrating that the pathway is not 
desensitised or shut offvia an autonomous feedback loop. 

References: 

J. Albertyn, J., S. Hohmann, J. M. Tbevelein, and B. A. Prior. 1994b. GPDJ , which encodes glycerol-3-
phosphate dehydrogenase is essential for growth under osmotic stress in Saccharomyces cerevisiae and its 
expression is regulated by the high-osmolarity glycerol response pathway. Mol. Cell. Biol. 14:4135-4144. 

2.Ansell, R, K. Granath, S. Hohmann, J. M. Thevelein, and L. Adler. 1997. The two isoenzymes for yeast 
NAD+-dependent glycerol 3-phosphate dehydrogenase encoded by GPDJ and GPD2 have distinct roles in 
osmoadaptation and redox regulation. EMBO J. 16:2179-2187. 

3.Bonhivers, M., J. M. Carbrey, S. J. Gould, and P. Agre. 1998. Aquaporins in Saccharomyces. Genetic and 
functional distinctions between laboratory and wild-type strains. J. Biol. Chem. 273:27565-27572. 

4.Hohmann, S., S. Nielsen, and P. Agre. 2001. Aquaporins, vol. 51. Academic Press, San Diego, CA. 

5.Laizé, V., F. Tacnet, P. Ripoebe, and S. Hohmann. 2000. Polymorphism of Saccharomyces cerevisiae 
aquaporins. Yeast 16:897-903. 

6.Luyten, K., J. Albertyn, W. F. Skibbe, B. A. Prior, J. Ramos, J. M. Thevelein, and S. Hohmann. 1995. 
Fpsl, a yeast member ofthe MIP family of channel proteins, is a facilitator for glycerol uptake and effiux and is 
inactive under osmotic stress. EMBO J. 14: 1360-13 71. 

7.Philips, J., and L Herskowitz. 1997. Osmotic balance regulates cell fusion during mating in Saccharomyces 
cerevisiae. J. Cell Biol. 138:961-974. 

8.Tamás, M. J., K. Luyten, F. C. W. Sutberland, A. Hernandez, J. Albertyn, H. Valadi, H. Li, B. A. Prior, 
S. G. Kilian, J. Ramos, L. Gustafsson, J. M. Thevelein, and S. Hobmann. 1999. Fpslp controls the 
accumulation and release ofthe compatible solute glycerol in yeast osmoregulation. Mol. MÍcrobiol. 31:1087-
1104. ' 

9.Tamás, M. J., M. Rep, J. M. Tbevelein, and S. Hobmann. 2000. Stimulation ofthe yeast high osmolarity 
glycerol (HOG) pathway: evidence for a si goal generated by a change in turgor. rather Iban by water stress. 
FEBS Lett. 472:159-165. 

IO.Tao, w., R J. Descbenes, and J. S. Fassler. 1999. Intracellular glycerollevels modulate the activity of 
Slnlp, a Saccharomyces cerevisiae tw<X:Omponent regulator. J. Biol. Chem. 274:360-367. 

Instituto Juan March (Madrid)



25 

Downstream components of the osmotic stress response 

E. de Nadal, L. Casadomé, X Escoté, M. Zapater and F. Posas 

Cell Signaling Unit, Departament de Ciencies Experimentals i de la Salut. Universitat 
Pompeu Fabra (UPF) . C/ Doctor Aiguader 80. Barcelona E-08003 (Spain) 

Exposure of yeast cells to increases in extracellular osmolarity activates the Hog 1 
MAP lcinase. Activation of Hog1 MAPK results in induction of a set of osmoadaptive 
responses, which allow cells to survive in high osmolarity environments. Cells respond to 
saline stress by inducing the expression of a very large number of genes, and suggest that 
stress adaptation requires regulation of many cellular aspects. The transcriptional induction of 
most genes that are strongly responsive to salt stress was highly or fully dependent on the 
presence of the MAP Icinase Hog1, indicating that the Hog1-mediated signaling pathway 
plays a key role in global gene regulation under osmotic stress conditions. Sorne transcription 
factors under the control ofthe MAP Icinase have been described recently such as Sko1 , Hotl , 
Msn2/Msn4. We have characterized sorne of the effects of the MAPK over the transcription 
factor Sko1 and futhermore identified a new transcription factor, Smpl , regulated by the 
MAPK Smp1 , a transcription factor ofthe MEF2 farnily, is targeted by Hog1 upon stress and 
seem to be part of the responses to osmotic shock because smpl A cells are more sensitive to 
osmotic shock than wild type cells. Apart from the control of gene expression, the Hog 1 
MAPK is also responsible for cell cycle regulation upon osmotic stress. We have 
characterized a G2/M arrest caused by sustained activation ofthe MAPK 

The HOG pathway is essential for osmo-stress adaptation. 
Cells respond to saline stress by inducing the expression of a very Iarge number of genes, and 
suggest that stress adaptation requires regulation of many cellular aspects. The transcriptional 
induction of most genes that are strongly responsive to salt stress was highly or fully 
dependent on the presence of the MAP Icinase Hog1. Sorne transcription factors under the 
control of the MAP Icinase have been described recently (such as Sko1 , Hotl , Msn2 and 
Msn4) but they can not account for the complex gene regulation regulated by Hog1 

Smpl transcription factor acts downstream of the Hogl MAPK. 
To identify new transcription factors under the control of the MAPK, we designed a genetic 
screen to isolate clones whose overexpression were able to induce STLJ gene transcription. 
STLJ is a gene strongly regulated upon osmotic stress in a HOGJ dependent manner 
A) Overexpression of the MEF2-Iike transcription factor, SMP 1, induced transcription of 

the STLJ: :LacZ gene expression even in the absence of osmotic stress. 
B) Induction of STLJ ::LacZ expression was enhanced by overexpression of SMPJ under 

normal conditions and upon osmotic stress and reduced in smpl Ll cells. 

Hogl phosphorylates Smpl in response to osmotic stress. 
A) Smpl was phosphorylated upon a brief osmotic shock (15 mm 0,4M NaCI) and its 
phosphorylation was dependent on the presence ofHog1 . 
B) Time course ofHogl and Smp1 phosphorylation upon osmotic stress. 
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The Smpl transcription factor interacts with Hogl. 
Both, two hybrid analysis (A) and in vivo binding assays (B) showed that the e-terminal 
domain of Smp 1 interacts with Hog l. 

Smpl is a direct substrate for the Hogl MAPK. 
In vitro kinase assays demonstrated that Hogl is able to phosphorylate directly Smpl. 
Moreover, this phosphorylation occurs basically in the e -terminal region of Smp 1 

Cell survival upon osmotic stress is reduced in a smplA strain. 
Upon osmotic shock cell viability is compromised. To analyze the role of Smpl in osmotic 
stress adaptation we measured the incorporation of PI as a measure of cell viability. Hogl A 
cells were highly sensitive to an osmotic shock {60 min, 1M NaCI) as compared to the wild 
type. smp L1 strain was over three times more sensitive than a wild type strain indicating that 
Smp 1 is involved in amo-stress stress adaptation. 

Smpl nuclear localization depends on Hogl. 
To analyze the mechanisms of regulation of Smpl by Hogl we investigate Smpl localization. 
No big differences on Smp 1 localization were observed upon osmotic stress, but interestingly, 
Smpl nuclear Jocalization was dependent on the presence ofHogl. This suggests that Hogl 
could be regulating Smp 1 activity through several mechanisms. 
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Integration of nutrient signals and osmostress signals for a coordinated 

transcriptional response 

Gustav Ammerer, Wolfram Gomer, Erich Durchschlag, Paula Martinez-Aiepuz, Christoph 
Schüller. In memoriam ofHelmut Ruis 

Department ofBiochemistry and Molecular Cell Biology, Ludwig Boltzmann 
Forschungsstelle, University ofVienna, Dr. Bohrgasse 9, A1030 Vienna, Austria 

The general stress response in yeast is defined by transcriptional changes in a large set 
of genes regularly induced either by diverse stress exposures or by acute nutrient starvation. 
Beyond this common response, a particular stress situation such as osmotic stress will also 
target smaller groups of genes that help cells to cope with stress specific damage. Finally, the 
overall growth conditions have a distinct influence on the extent and duration of stress 
responses as optimal nutrient supplies suppress the expression of stress protecting factors 
whereas nutrient limitations will increase it . Our aim has been to understand how these 
different externa! conditions might be integrated into a defined cellular response. We have 
focussed thereby on studying signals transduced via the high osmolarity glycerol response 
pathway and the cAMP dependent kinase system. 

The transcription factor Msn2 is a key regulator in the coordination of the general 
stress response. The function of Msn2 seems to be regulated at severa! levels such as 
intracellular distribution, DNA binding, co-factor recniitment and· stability. A functional 
dissection of Msn2 allowed us to define regulatory domains including its nuclear transport 
signals. Accordingly, the nuclear import signa! of Msri2 is a direct and exclusive target of 
cAMP-dependent protein kinase (cAPK). Msn2~NLS inhibition by phosphorylation is highly 
sensitive to carbohydrate fluctuations during fermentative growth but not to nitrogen 
starvation or any number of stress treatments including osmotic stress. The rapid decrease in 
phosphorylation observed under acute glucose deprivation appears to be effected by changes 
in cAPK activity rather than an increase in protein phosphatase activity. Interestingly, the 
Bey! subunit appears to be the main target ofregulation during acute glucose starvation even 
if cAMP concentrations are kept constant. Our data . support the notion that carbohydrate 
signals via cAPK will muy provide a ttieshold needed to be overcome by other acute· stress 
signals while cAPK itself is not modulated during acute stress. 

Since full length Msn2 accumulat~s in the nucleus during osmotic stress, this effect 
must be due to mechanisms independent of nuclear iinport control. Indeed, we could define a 
region in Msn2 that responds to osmotic stress · and also contains a nuclear export signa!. 
Moreover, using chromatin immuno-precpitation assays, we found that the osmostress 
activated MAP kinase Hog is recruited to general stress responding promoters in an Msn2 
dependent manner. We propose that the observed interaction between Hogl and Msn2 serves 
two purposes. On one hand, Hog 1 severes the interactions of Msn2 with the nuclear export 
machinery. On the other hand, activated Hogl functions as a co-activator in the assembly of 
the transcription initiation complex. Recruitment and function of Hogl kinase as 
transcriptional co-activator at all osmostress induced promoters could explain the highly 
coordinated response of specific and general sets of stress protecting genes. We will present 
data in support ofthis model. 
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Y east response to alkaline pH stress 

Joaquín Ariño, Raquel Serrano, Amparo Ruiz, Eulalia Viladevall and Dolores Berna! 

Departament de Bioquímica i Biología Molecular, Universitat Autónoma de Barcelona 
Ed. V, Bellaterra (Cerdanyola) 08193, Barcelona, Spain 

The yeast S. cerevisiae grows preferently in an acid environment, and therefore growth 
even in a moderately alkaline media involves an important stress. Exposure of different fungi 
to an alkaline environment results in relevant phenotypic changes that can lead, as in the case 
of C. albicans, to pathogenesis (1). Most of the available inforrnation on the response 
mechanisms derives from work using Aspergillus nidulans as a model. In · this organism, a 
transcription factor encoded by the gene pacC was identified as a key component of the 
transcriptional response. Surprisingly, little is known about the behaviour of S. cerevisiae 
under alkaline conditions, although current . evidence suggest that the molecular architecture 
for the signa! transduction pathway involved in the alkaline response could be relatively well 
conserved (2,3). 

A project aiming to the characterization of the alkaline response in S. cerevisiae was 
recently initiated in our laboratory. By using genomic DNA microamays we have analysed 
the global transcriptional response to mild alkaline conditions. About 150 genes were induced 
at least 2-fold and 230 were repressed at least 3-fold within 45 minutes after exposure to pH 
7.6. In most cases, genes induced by alkaline pH did not fall within the common 
environmental response gene family, suggesting a relatively specific response. 

The response of severa! induced genes, such as ENAJ (encoding a Na+-ATPase), and 
PH084 and PH089 (encoding H+/phosphate and Na+/phosphate perrneases) was further 
characterized. ENAJ and PH084 respond very rapidly to alkaline stress, whereas the response 
of PH089 is somewhat delayed. These genes show differences in their sensitivity to alkaline 
stress and, in fact, induction of PH084 is already observed near neutrality. The mechanism 
for ENAJ alkaline response is being investigated by using different mutants in key 
components of known stress signalling pathways. In our hands, the ENA 1 response is not 
impaired by mutation of HOGJ, CNBJ, MSN2/MSN4 or YAPJ. In addition, it is essentially 
independent of the presence of RimlOl, the S. cerevisiae homologue of A. nidu/ans pacC. 
The ENAJ promoter was functionally mapped and two defined regions required for alkaline 
pH response have been identified. 

Referentes: 

l.- De Bemardis el al. (1988) lnfect. lmmun. 66, 3317-3325. 
2.- Denison el al. (1998) Mol. Microbiol. 30, 259-264. 
3.- Denison, SH. (2000) Fungal Genet. Biol. 29, 61-71 
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Global proteomic adaptation for optimal sulfur economy in response to 

cadmium toxicity 

Mirene Fauchon, karin Vido, Gilles Lagniel, Jean-Christophe Aude, Michel Toledano 
Michel Werner and Jean Labarre* 

Service de Biochimie et Génétique Moléculaire, CEA-Saclay, F-91191 
Gif-sur-Yvette Cedex, France 

Cadmium is very toxic at low concentrations. In yeast, the metal is detoxified by 
chelation to glutathione and the complex is transponed into the vacuole. However, the basis 
for its toxicity are not clearly understood. To gain insight into the biological effects of 
cadmium, we analyzed the proteomic response of yeast cells to the metal. We identified 54 
induced and 43 repressed proteins. Among the induced proteins, 9 of them were enzymes of 
the sulfur amino acid biosynthetic pathway. Consistent with the induction ofthis pathway, we 
observed that glutathione synthesis is strongly increased in response to cadrnium treátment. 

Moreover, 60% of the sulfur assirnilated by the cells is converted into glutathione, 
resulting in a decreased availability of sulfur arnino acids for protein synthesis. Strikingly, cells 
adapt to this situation by modifYing their proteome to reduce the production of sulfur-rich 
proteins. Cadmium induced proteins have a particularly low frequency of inethionine and 
cysteine residues. Moreover, sorne abundant enzymes of the glycolysis are replaced by sulfur 
depleted isozymes. The global change in protein expression under Cd2+ condition allows an 
over-all sulfur amino acid economy of 30%. A comparative analysis of the transcriptome and 
the proteome showed that this global proteome response is essentially regulated at the 
transcriptionallevel. 
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Ca2+/calcineurin-dependent signal transduction in yeast 

Hiro Yoshimoto, Renee Polizotto, Leila Boustany, Valerie Denis and Martha S. Cyert 

Dept. Biological Sciences, Stanford University 
Stanford, CA 94305-5020 

In Saccharomyces cerevisiae, one function of the Ca2+/calmodulin regulated protein 
phosphatase, calcineurin, is to actívate transcription in response to specific types of 
environmental stress. The genes turned on under these conditions were identified using DNA 
microarrays, and encode proteins that participate in many functions including cell wall 
synthesis, ion homeostasis, membrane trafficking and signa! transduction. Calcineurin 
regulates gene expression by dephosphorylating the transcription factor Crz 1 p/T en 1 p and 
effecting its rapid translocation from the cytosol to the nucleus. We characterized the 
mechanism by which Crz1p enters the nucleus, and found that dephosphorylation of Crzlp 
promotes its association with the importin, Crz1p. We also examined Crzlp nuclear export 
and deterrnined that the Crz1p nuclear export signa! (NES ) is inactivated by calcineurin­
mediated dephosphorylation. Thus, calcineurin promotes nuclear accumulation of Crz 1 p both 
by increasing its nuclear import and down-regulating its nuclear export. A small motif in 
Crzlp, PIISIQ, is required for its regulation by calcineurin. This motif mediates the in vivo 
interaction between calcineurin and Crzlp and is related to the PxlxiT docking site for 
calcineurin on the mammalian transcription factor, NFAT. Thus in both yeast and mammals, 
calcineurin must associate with its substrate to dephosphorylate it efficiently. 

Other studies have focused on the mechanism by which yeast cells regulate cytosolic 
CaH We showed that Ca2

+ rises transiently after exposure ofyeast to hypertonic stress. This 
signa! results from release ofCa2

+ from the vacuole and is mediated by Yvc1p, an ion channel 
that is part of a newly defined fungal branch of the TRP farnily of ion channels. 

These studies were supported by NIH grant GM-48728. 
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Functional analysis of the general stress responsive factor Msn2p 

Christoph SchüllJer, Wolfgang Reiter, Wolfram Gomer, Erich Durchschlag, 
Julia Wolf, Gustav Ammerer 

in memoriam Helmut Ruis 

Saccharomyces cerevisiae cells respond and adapt to various stress conditions with 
complex shifts of transcriptional regulation. Our understanding of many aspects of stress 
sensing, signalling and integration is far from complete. The transcription factor Msn2 and its 
homologue Msn4 are involved in the induction of many genes in response to a variety of cell 
damaging and starvation conditions. The aim of our work was to define and dissect the 
mechanisms mediating di verse signals to Msn2 and lead to the nuclear import and activation 
of this transcription factor. 

Stress regulates Msn2 at severa! levels including intracellular localisation; stability and 
DNA-binding. Domain analysis resulted in the isolation of two domains importan! for 
intracellular localisation. The nuclear import signa! is located at the C-terminus, which 
includes the Zn-finger DNA-binding domain. A separate region was found to be required for 
efficient recJocalisation from the nucleus to the cytoplasm and thus works like a nuclear 
export or retention domain. However, the general nuclear export factor Crml is not required 
for Msn2p nuclear export but rather the presumed exportin Msn5 . Stress and PKA have a 
strong effect on the nuclear export domain whereas the nuclear import domain is only 
regulated by PKA in response to glucose starvation. A further !ayer of regulation is imposed 
by the stress and PKA regulated binding to promoters as demonstrated by in vivo footprint 
experiments. Stability of Msn2, on the other hand, seems to be a consequence of its 
localisation but may contribute to efficient shut down of a stress or starvation signa!. 

PKA has a general influence on the activity of Msn2. High PKA levels can reduce 
Msn2 activity even urider stress conditions while in situations of low PKA activity Msn2 
seems to be constitutively active. Strong genetic evidence places Msn2 downstream ofPKA. 
Assuming a direct regulation ofMsn2 through phosphorylation by PKA we generated a series 
of mutants in all the six putative PKA phosphorylation sites. Mutation of all six PKA site 
serines to alanine (Msn2-Ala6) indeed resulted in a highly active version of Msn2, which is 
toxic to cells when expressed from a conditional promoter. Cells lacking PKA are not viable 
but can be rescued by the simultaneous deletion of Msn2 and Msn4. Therefore part of this 
phenotype is caused by misexpression of genes under the control of Msn2/4. Using 
microarrays we confirmed that the Msn2"Aia6 mutant indeed simulates the absence of PKA 
since a large number of genes are induced which are also upregulated under sudden 
deprivation of PKA activity. Both Msn2-Ala6 expression and inactivation of PKA leáds to a 
Gl arrest, which can be overcome in the absence ofthe Yak! kinase. Therefore, Msn2 which 
together with Yakl is required for the PKA dependen! Gl arres! induces a yet unidentified 
factor. 

Our results confirm and partly explain the strong relationship between the general 
stress response and PKA in S.cerevisiae. Furthermore, we conclude that PKA is not the main 
stress sensor for Msn2 apart from being involved in the signalling of acute glucose starvation. 
We further conclude that low PKA activity does probably not directly cause a Gl arres! but 
rather achieves this effect via Msn2 dependen! transcriptional regulation. 
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A Rholp specific GAP protein negatively regulates the cell integrity 
pathway and cell wall (1,3)f3-glucan biosynthesis in 

Schizosaccharomyces pombe 

Teresa M. Calonge, Manuel Arellano, Pedro M. Coll and Pilar Pérez 

Instituto de Microbiología Bioquímica, CSIC 1 Departamento de Microbiología y Genética. 
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Rho proteins switch between an inactive GDP-bound form andan active GTP-bound 
form. The rate of conversion between both states is modulated by three kinds of proteins: 
guanine nucleotide exchange factors (GEFs) which favour the GTP-bound conformation; 
guanine nucleotide dissociation inhibitors (GDis), and GTPase activating proteins (GAPs), 
which favour the GDP-bound state. All these regulators may play importan! roles in the 
specificity ofRho functions. 

The gene named gprl+ encodes a Rhol-GAP that shares similarity toS. cerevisiae 
Sac7p. Overexpression ofrhol+ in gprlD cells was lethal and caused a higher increase in the 
(1,3)p-D-glucan synthase activity than that detected by rho 1 + overexprt<ssion in wild type 
cells. Gprlp co-immunoprecipitates with Rholp and shows specific GAP activity for Rholp 
as detected in vitro and in vivo. Gprlp participates in the regulation of Pcklp and Pck2p 
stability by Rholp. lt also plays a role in actin cytoskeleton regulation. 

Overexpression of gpr 1 + caused a rapid cell lysis and the (1 ,3) P-D-glucan synthase 
activity was rapidly reduced to 40% that ofthe wild type. By contrast, gprlD cells are viable 
and show a mild morphological phenotype at 37°C. the (1,3)P-D-glucan synthase activity of 
this cells is considerably increased. Elimination of the first gprl p 25 aminoacids considerably 
impaired the Iethal effect ofGprlp overexpression. By contrast, elimination ofthe C-terminal 
ami no acids, that forma putative F-actin capping domain, increases the lethal effect of Gprl p. 
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Function of heat shock transcription factors from yeast to humans 

Dennis J. Thiele 

Department ofBiological Chemistry, University ofMichigan Medica! School 
Ann Arbor, Michigan, 48109-0606, USA 

lt is critica! that cells mount appropriate responses to a number of stress conditions 
that include heat, metals, reactive oxygen species, pharmacological agents, infection and 
inflammation. One such system for eukaryotic stress responses involves a transcription factor 
called Heat Shock Factor (HSF), and its cognate DNA binding site, the Heat Shock Element 
(HSE). Indeed, HSF and the HSE represen! one of the most evolutionarily conserved pair of 
transcription factors and corresponding cis-acting elements from yeast to humans, since many 
aspects ofthe basic structure ofHSF, and the sequence ofthe HSE are maintained throughout 
evolution. HSEs are composed of inverted repeats of the sequence nGAAn, with a typical 
high affinity HSF binding site composed ofthree tandem pentameric repeats. 

In S. cerevisiae, HSF plays an importan! role in the heat shock induction of many 
genes encoding protein chaperones such as Hsp70 and Hsp90, and also serves to regulate 
basal levels of expression of subsets of chaperone genes. S. cerevisiae cells harbar a single 
gene encoding HSF and cells lacking this gene are inviable at all terriperatures tested. Yeast 
HSF harbors both an amino- and carboxyl-terminal domain capable of trans-activation, with · 
distinct target genes exhibiting differential requirements for each trans-activation domain. For 
example, while activation of the Hsp70 gene requires the arnino-terminal domain, the CUPI 
metallothionein gene exhibits a rather strict requirement for the carboxyl-terminal trans­
activation domain of HSF. Furthermore, the Hsp70 promoter HSEs are spaced in the 
consensus organization, while the CUP 1 promoter HSE is composed of an imperfect HSE. 
Therefore, yeast HSF is able to recognize distinct promoter sequences to actívate target genes 
through the use oftwo independent trans-activation domains. 

S. cerevisiae harbors a single HSF gene yet mammals harbar genes encoding three 
distinct HSF proteins, HSFl , HSF2 and HSF4. Although the functions ofHSF2 and HSF4 are 
poorly understood at present, HSFI is a stress responsive transcription factor which, upon 
exposure to stress, is converted from a monomer to a homotrimer that binds to HSEs with 
high affinity. Our recent experiments have made use of both yeast and mammalian cells 
deficient in HSF genes to understand the molecular basis for HSF target gene specificity and 
the mechanisms by which HSF proteins sense stress and actívate gene expression. 

References: 
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3. Ahn, S-G. , Liu, P.C. C., K.lyachko, K., Morimoto, R., and Thiele, D.J. (2001) Genes and Development 15: 
2134-2145. 

Instituto Juan March (Madrid)



37 

Negative and positive control of stress genes 
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The expression of a great number of genes is stimulated by hyperosmotic or salt stress 
in the yeast Saccharomyces cerevisiae (1 , 2). The High Osmolarity Glycerol (HOG) MAP 
kinase pathway with its central Hogl MAP kinase is dedicated to rapidly induce the 
expression of most of these stress genes. The Hogl MAP kinase is imported u pon stress into 
the nucleus where it associates with various transcription factors. 

One ofthe downstream effectors ofHogl is the ATF/CREB transcription factor Skol 
(=Acrl) which binds to cAMP responsive promoter eleiJlents (CRE) (3 , 4, 5, 6). Sko 1 
represses transcription by recruiting the general corepressor complex Ssn6-Tup 1 to 
osmostress inducible genes like ENAl (Na+ extrusion ATPase) (5), HALl (ion homeostasis 
deterrninant) (7), and genes whose expression is also stimulated by oxidative stress like AHPl 
(alkylhydroperoxide reductase), GRE2 (yeast homolog of plant isoflavonoid reductases) and 
GLRI (glutathione reductase) (8, 9). The Hogl MAP kinase interacts directly with Skol in 
vivo and regulates its function by multiple phosphorylations (6). Hogl phosphorylations 
decrease the interaction between Sko1 and Ssn6-Tup1 (6). However, recent chromatin 
imrnunoprecipitation analyses show that the Sko1-Ssn6-Tupl complex is bound to promoters 
in vivo even under activating conditions. Moreover, Sko1 is required to recruit Hogl as well 
as the chromatin modifying coactivator complexes SAGA and SWI/SNF upon stress. This 
suggests that HOG actually switches Skol from a repressor (recruiting Ssn6-Tup1) to an 
activator (recruiting SAGA and SWI/SNF) upon stress (10). 

Additionally to the regulation by HOG, Sko 1 is multiply phosphorylated by protein 
k.inase A (6). We show that normal PKA activity is needed for nuclear accumulation of Sko 1 
and efficient repression ( 11 ), representing yet another !ayer of control. 

Finally, under severe salt stress conditions the general amino acid control pathway 
becomes involved in the stress response. Under these conditions Gcn4, the key transcriptional 
activator of amino acid biosynthesis, becomes essential and contributes to stress gene 
activation as found for the regulation ofHAL1 (7). 
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Use of Saccharomyces cerevisae as a model for studing the effect of 
Salmonella typhimurium pathogenic proteins on the GTPase Cdc42 and 

MAP Kinase mediated signal transduction pathways 

José María Rodríguez-Pachón, Humberto Martín, Rafael Rotger, César Nombela and 
María Molina 

Departmimt ofMicrobiology II, Complutense University, Madrid, Spain 

Rho-type GTPases (Cdc42, Rae, Rho) play essential roles in cell polarity by regulating 
actin organization, and in stress responses by signaling to MAP kinase pathways, from yeast 
to marnmalian organisms. Taking advantage of the cellular function of these proteins, sorne 
bacteria! pathogens have evolved to induce their internalization into non-phagocytic host cells 
by modulating specific signaling pathways. Sa/mone/la typhimurium directs the delivery of 
effector proteins, that modulates the activity of the Rho GTPases Cdc42 and Rae-l . The 
Salmonella GEF protein SopE2 stimulate Cdc42 and Rae-! function Jeading to bacteria 
internalization, whereas SptP, a protein tyrorine phosphatase with GAP activity, reverses the 
activation of these GTPases leading to cell recovery (1 ). We have used the yeast S. cerevisiae 
as a model to study the effect of these proteins on the eukaryotic signalling machinery. 
Expression of SopE2 promoted filamentous growth of S. cerevisiae and the activation of the 
Kssl MAPK mediated filamentation pathway, suggesting that Cdc42 is indeed a target of 
SopE2. Furtherrnore, the Slt2 MAPK cell integrity pathway is activated following expression 
ofSopE2. 

In order to analyze whether Cdc42 affects the cell integrity pathway, we studied the 
amount of activated Slt2 in cells bearing the Cdc42-GAPs RGAJ , RGA2 and BEM3 
deletions. Double and triple mutants in these GAP encoding genes showed an increased Slt2 
phosphorylation. This activati<in was abolished when the STE20 or STE7 genes were also 
deleted, indicating the essential role of the pheromone response/invasive growth pathway in 
the Cdc42 induced Slt2 activation. Furtherrnore, expression of SptP was able to reduce the 
leve! ofKssl phosphorylation in double mutants affected in these Cdc42-GAPs. Interestingly, 
Slt2 activation by Cdc42 has been observed not to be mediated by Rho l. 

References: 
{1 ). Galan JE and Zhou D. 2000. Striking a balance: modulation of the actin cytoskeleton by Salmonella. PNAS 
97:8754-8761 . 

Instituto Juan March (Madrid)



Session 4: Stress responses in yeasts 
others than S. cerevisiae 
Chair: Dennis J. Thiele 

Instituto Juan March (Madrid)



43 

pH regulation in fungi 

Miguel A. Peñalva 
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Regulation by gene expression by ambient pH is widely found among ascomycete 

fungi, where it controls de synthesis of extracellular enzymes, perrneases ands exported 

metabolites exposed to environmental pH. This regulatory circuit has been most extensively 

studied in the model filamentous fungus Aspergillus nidu/ans. 

The A. nidu/ans PacC zinc finger transcription factor mediating regulation of gene 

expression by ambient pH, in comrnon with a number of other transcription factors, notably 

the transducer of the Hedgegog signa! Cubitus interruptus, undergoes proteolytic processing 

activation. The ease with which A. nidu/ans can be manipulated genetically makes PacC 

ideally placed for understanding how a transcription factor prevents its activation in the 

absence of appropriate signa! transduction. 

In response to a signa! transduced at alkaline ambient pH by the products of the six pal 

genes, the 674 residue translation product of the A. nidu/ans pacC gene is processed to a 

functional forrn containing the -248-250 N-terminal residues. The Pace DNA binding 

domain (DBD), containing three Cys2His2 zinc fingers and binding to GCCARG promoter 

sites is located centrally within the processed forrn . The pH-sensitive step in the regulatory 

cascade is the accessibility of the PacC primary translation product to the processing protease, 

as Pace altemates between a protease-resistant ('closed' and a protease-sensitive ('open') 

forrn in response to ambient pH. Interactions between two PacC regions which overlap the 

processing site and the - 150 e-terminal residues hold the 'closed' protein conforrnation. 

These interactions are destroyed by the ambient pH signa!, which therefore irreversibly 

sensitises Pace to the processing protease. In the absence ofpH signa!, the translation product 

is cytosolic. The processed Pace forrn is localised in the nucleus, Therefore, the proteolytic 

activation ofPacC results in comrnitrnent to nuclear Iocalisation. 
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Roles of protein kinase A isoforms in morphogenesis and stress response of 

Candida albicans 

Dirk P. Bockmühl, Shankarling Krishnamurthy, Bemd Tebarth, Michaela Gerads, Anja 
Sonnebom and Joachim F. Emst 
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TPK1 and TPK2 encode both isoforms ofprotein kinase A (PKA) catalytic subunits in 
Candida albicans. Mutants lacking both TPK1 alleles showed defective hyphaí 
morphogenesis on solid inducing media, while in liquid media hypha formation was affected 
only slightly. In contrast, tpk2 mutants were cinly partially morphogenesis-defective onsolid 
media, while a strong block was observed in liquid. In addition, the yeast forms of tpk2- but 
not tpk1-mutants were completely deficient to invade agar. Because Tpk1p and Tpk2p differ 
in their N-terminal domains of approximately 80-90 amino acids, while the catalytic portions 
are highly homologous, the functions of hybrid Tpk-proteins with exchanged N-terminal 
domains were tested. The results dernonstrate that the catalytic portions mediate Tpk protein­
specificities with regard to filamentation, while agar invasion is mediated by the N-terminal 
domain of Tpk2p. Homozygous tpk1 and tpk2 mutants grew normally; however, a tpk2 
mutant strain containing a single regulatable TPK1 allele (PCK1p-TPK1) at 1ow expression 
levels was severely growth-defective, it was completely blocked in hyphal morphogenesis and 
it was stress-resistant to high osmolarities or temperatures. Thus, both Tpk isoforms in C. 
albicans share growth functions including roles in stress response, but unlike Saccharomyces 
cerevisiae isoforms, they have only positive and specific roles in filament formation in 
different environments. Downstream targets of PKA isoforms appear to include the Efg1p 
morphogenetic regulator, since a Efg1p mutein lacking a potential PKA-phosphorylation site 
is morphogenesis-defective. On the other hand, overproduction of PKA isoforms leads to 
filamentous growth, but surprisingly, downregulates expression of the EFG 1 gene. Combined 
with the finding that EFG 1 is an autoregulated gene these results suggest a model, in which 
induction conditions actívate PKA and Efg1p, but that this activation simultaneously lowers 
the responsiveness to inducers, i.e. leads to adaptation. 
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Stress signaling in S. pombe 
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Unicellular organisms have evolved strategies for dealing with variable and often­
harsh environments. A key aspect of these stress responses is the transcriptional activation of 
genes . encoding defense and repair proteins. In this talk 1 will summarize recen! work 
describing factors controlling stress-induced gene expression in the fission -yeast, 
Schizosaccharomyces pombe. 

In S. pombe the Styl (also known as Spcl , Phhl) MAP kinase pathway is activated by 
a wide range of adverse stimuli. Accordingly, inactivation of styl results in hypersensitivity to 
UV and other DNA damaging agents, osmotic stress, oxidative stress, heat stress and heavy 
metal toxicity. T.he components of the Styl pathway are homologous to kinases in the 
Saccharomyces cerevisiae HOGI osmosensing MAPK pathway and to the mammalian JNK 
and p3 8 stress-activated protein kinase cascades. 

Upstream of the Styl MAPK module a 'twq•component'-like signaling pathway 
controls activation of Styl in response to hydrogen peroxide (Buck et al., 2001) but not other 
stresses. This pathway is most similar to the 'two-component'-like pathway that lies upstream 
of the osmosensing HOGI MAPK. cascade in S cerevisiae (Posas et al., 1996). Stress­
dependen! activation of Styl results in increased activity of two transcription factors, Papl 
and Atfl . These are both bZip-containing proteins, which share sequence similarity with the 
mammalian factors cJun and ATF2; respectively. Analysis of mutant phenotypes has 
suggested that Pap 1 controls the response to oxidative stress, ·cadmium stress and a range of 
environmental toxins (Toone et al., 1998). Whereas Atfl has been shown to play a role in 
regulating the response to osmotic stress and nutrient deprivation as well as the oxidative 
stress response (Wilkinson et al., 1996; Nguyen et al., 2000). A third transcription factor, 
Prrl, is also importan! for hydrogen peroxide-dependent gene expression. Prrl is a response 
regulator-like transcription factor suggesting that two-component signaling may have a role, 
in addition to Sty 1 activation, in regulating oxidative stress. 

We have characterized the role of the Styl (Spcl) stress-activated MAPK pathway, 
and the Pap 1 and Atfl transcription factors, in regulating the response to H202 as well as 
other stresses in the fission yeast, S. pombe. We find that H202 activates the Styl pathway in a 
dose-dependent manner via at least two sensing mechanisms. At relatively low levels of H202, 
the two component-signaling pathway, regulates Styl phosphorylation, while, at high levels 
of H20 2, Styl activation is controlled predominantly by a two-component independent 
mechanism. Individual transcription factors were also found to function within a limited range 
of H20 2 concentrations. Papl activates target genes primarily in response· to ·Iow levels of 
H20 2 while Atfl primarily controls the transcriptional response to ·high concentrations· of 
H20 2. Our results demonstrate that S. pombe uses a combinatíon of stress responsive 
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regulatory proteins to gauge and effect the appropriate transcriptional response to increasing 
concentrations ofH202 (Quinn et al., 2001). 

Until recently our analysis of the transcriptional response to stress has relied on a 
relatively small group of stress response genes. With the completion of the S. pombe 
sequencing project we now have the opportunity to extend these observations with whole 
genome expression studies. Using microarrays, we have examined the transcriptional 
response to different intensities of H20 2 stress in wild-type, styl , papl and atfl mutant 
strains. These studies provide us with a comprehensive list of genes induced by different 
levels of oxidative stress and the factors required for their induction. To determine whether 
these gene expression profiles are specific to H20 2 stress we have also conducted microarray 
analysis of wild-type and mutant strains of S. pombe exposed to cadmium induced stress, 
osmotic stress, heat stress and MMS treatment. Analysis of these results will provide us with 
a foundation for toxicogenomic studies and for comparing S. pombe stress responses with 
responses in other organisms. 
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Control of the oxidative stress response in fission yeast 

Miguel A. Rodríguez and Paul Russell 

Department ofMolecular Biology, The Scripps Research Institute, La Jolla, California, USA 

Oxidative stress and osmotic stress produce different gene expression responses in 
fission yeast, and yet both stress signals are transmitted via the stress activated protein kinase 
(SAPK) Spcl . We want to understand how stress responses are tailored to different types of 
stress. To tlús end we have carried out a screen for genes that modulate transcriptional 
responses controlled by Spcl . We have identified one such gene that specifically modulates 
the gene expression response induced by oxidative stress. We will present our studies of tlús 
gene and its protein product. 
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The initiation of fermentation in the yeast Saccharomyces cerevisiae by addition of 
glucose to cells pregrown on nonfermentable carbon sources or to stationary phase cells 
triggers a rapid loss of general stress resistance. This is inconvenient for industrial 
applications of yeast in which actively fermenting cells are subject to specific stress 
conditions. Typical examples are the preparation of freeze doughs and high-sugar doughs. 
During the preparation of freeze doughs a minimal perfermentation time of the dough is 
important to obtain a good texture of the bread . However, the rapid loss of freeze tolerance 
during this prefermentation causes loss of yeast viability during the freezing process and 
requires the use of higher amounts of yeast . This often imparts an undesirable 'yeasty' taste to 
bakery products. The presence of high amounts of sugar in doughs causes osmostress and 
significantly reduces the fermentation capacity of the yeast. 

The initiation of fermentation in yeast is associated with a rapid mobilization of the 
trehalose content of the cells. Because of the strong correlation between trehalose content and 
general stress resistance of yeast cells, glucose-induced trehalose mobilization has long been 
thought to be a major cause of glucose-induced loss of stress resistance. We have shown, 
however, that deletion of the NTH 1 gene, encoding neutral trehalase, largely abolishes 
glucose-induced trehalose mobilization without preventing loss of stress resistance (Van 
Dijck et al. 1995). Before glucose addition, on the other hand, there was a clear correlation 
between stress resistance and trehalose content. These results indicated that glucose causes 
the disappearance of other factors that are required for heat shock resistance and that trehalose 
is unable to support high stress resistance in their absence. 

Subsequently, we have isolated mutants deficient in fermentation-induced !oss of stress 
resistance ('ji/' mutants). These mutants were selected by applying a heat shock to a culture of 
UV-mutagenised cells shortly after the initiation of fermentation by addition of glucose. The 
fill mutant contained a specific mutation in adenylate cyclase (E 1682K) which apparently 
reduced the activity to such an extent that glucose-induced loss of stress resistance was 
significantly prevented but without negative effect on the fermentation or growth rate of the 
cells (Van Dijck et al. 2000). These results showed that it was possible to enhance stress 
resistance during active fermentation without reducing the fermentation rate. The 
identification of the fill mutant confirmed the important role of glucose activation of the 
cAMP-PKA pathway for the loss ofstress resistance during the initiation offermentation. ' 

The fi/2 mutant contained a nonsense mutation in the GPRJ gene, which encodes a G­
protein coupled receptor (GPCR) upstream in the cAMP-PKA pathway (Kraakman et al. 
1999). The identification of the fi/2 mutant revealed for the first time the connection between 
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the Gpr1 receptor and glucose activation ofthe cAMP pathway. Both thefi/2 mutant and the 
gprli'J. mutant are deficient in glucose-induced activation of cAMP··synthesis. Apparently, a 
GPCR system composed of the Gpr1 receptor, Gpa2 Ga protein and Rgs2 RGS protein, 
mediates activation of cAMP synthesis by glucose and sucrose (Versete et al. 2001). 
Remarkably; this GPCR system is unable to actívate adenylate cyclase in the absence of 
active glucose phosphorylation (Rolland et al. 2000). Recent work has provided strong 
evidence that glucose and sucrose directly bind to the Gpr 1 receptor as ligands. Site-directed 
mutagenesis of TMD6 residues into cysteine has resulted in the identification of several Gpr1 
mutant alleles which are deficient in glucose signaling but not affected in sucrose signaling. 
Moreover, addition of the polar sulfhydryl-binding compound MTSEA completely blocked 
the remairung sucrose signaling in two of these alleles whereas it was without any effect on 
signaling by the wild type Gpr1 allele. These results indicate that binding of MTSEA to the 
modified receptor blocks access for sucrose to its binding site. They strongly suggest that 
glucose and sucrose directly bind to the Gpr1 receptor. Since the apparent Ka for sucrose was 
much smaller (1-2 mM) than for glucose (50-70 mM) Gpr1 appears to have an important 
function in sensing low concentrations of sucrose in addition to high concentrations of 
glucose. 

We have also isolated fil mutants directly in a commercial bakers' yeast strain. This was 
done by UV-mutagenesis of the tetraploid/aneuploid strain S47, preparation of small doughs 
with the mutagenised culture and subjecting the doughs to multiple rounds (up to 200) of 
freeze/thaw treatments. In this way we isolated strain AT25, which showed a better freeze 
tolerance than the parent strain S47 and behaved in a very similar way as S47 for most other 
properties in lab scale experiments, except that it showed a 1 0% lower initial fermentation 
capacity (Teunissen et al. 2001 ). Remarkably, after pilot scale cultivation the fermentation 
capacity of the strain was 1 0% higher than that of the parent strain and the yeast maintained a 
better viability also in frozen doughs. Unexpectedly, further exarnination showed that AT25 is 
a diploid strain. Control experiments indicated that UV mutagenesis of S47 resulted in many 
strains with reduced DNA content. However, since random spore analysis of S47 also yielded 
several diploid segregants with a comparable freeze tolerance as AT25 (but inferior 
performance for other properties), it remains unclear whether AT25 is a UV-induced mutant 
of S47, which has lost part of its DNA, or whether it originates from a spontaneously formed 
spore of S47. AT25 has recently been converted into a tetraploid strain, TAT25, using the HO 
system. Evaluation ofthis strain after pilot scale production is ongoing. 

Genome-wide gene expression analysis of several strains derived from the AT25 strain has 
revealed a consistent correlation between freeze resistance and up- or down-regulation of 
several genes, including the aquaporin genes AQYJ and AQY2. Of all the genes examined 
further, only deletion of the aquaporin genes in a laboratory strain reduced freeze tolerance 
while overexpression of the aquaporin genes sigllificantly enhanced freeze tolerance (Tanghe 
et al. 2001). Also heterologous expression in yeast of the human aquaporin gene, hAQPJ, 
improved freeze resistance. These findings support a role for aquaporin-mediated plasma 
membrane water transport activity in deterrnination of freeze tolerance in yeast. This appears 
to be the first clear physiological function identified for microbial aquaporins. We suggest 
that rapid osmotically driven efflux of water during the freezing process reduces intracellular 
ice crystal formation and resulting cell damage. 
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Transcript profiling of tbe adenylate cyclase mutant fill reveals novel 
ORF's essential in stress resistance during fermentation 

Barbara Leyman, Sonia Colombo, Patrick Van Dijck, and Johan M. Thevelein 

Flernish lnteruniversity Institute for Biotechnology - VIB and Laboratorium voor Moleculaire 
Celbiologie, Katholieke Universiteit Leuven, Kasteelpark Arenberg 31, 3001 Leuven­

Heverlee, Belgium 

Baker's yeast is highly resistant to certain stress conditions. It can be stored dry for at 
least two years without significant loss of its fermentation power. However, there is an 
opposite relationship between fermentation activity and stress resistance. When S. cerevisiae 
is rnixed with the sugar-containing ingredients to prepare the dough, it starts to ferment 
immediately resulting in a rapid Joss of its stress tolerance. Subsequent freezing of the dough 
causes a drastic loss in yeast viability and fermentation power. Our aim is to identif.Y genes 
that upon overexpression improve stress resistance during initiation of fermentation without 
comprornising the yeast fermentation power. lnitially, we screened for mutants in a laboratory 
strain with greatly improved resistance to stress after the addition of glucose to non­
fermenting cells in stationary phase. These mutants were called ' fi)' for deficient in 
fermentation-induced loss of stress resistance. Fil1 was identified as a point mutation in the 
CYR1 gene encoding adenylate cyclase. The mutation in fill caused reduced activity of the 
enzyme leading to a strong reduction of glucose-induced cAMP synthesis and hence a 
decrease in glucose-induced loss of stress resistance. Interestingly, fill showed the same 
growth - and fermentation rate as the corresponding wild type strain. In order to identif.Y 
genes correlated with the enhanced stress resistance phenotype of fill, we performed a 
differential hybridization experiment using rnicro-array filters . 47 genes with altered 
expression in fill versus wild type were identified, of which 27 were confirmed by Northem 
blot analysis. The effect of these genes on stress resistance was verified by deleting them in 
fil1. Deletions in 1 O genes each caused a loss of the fil1 phenotype and hence a faster loss of 
stress resistance during fermentation similar to the wild type. lnterestingly, 6 of these ORF' s 
(SRF: ~tress resistance during fermentation) encode for proteins without previously assigned 
function . Overexpression of sorne of the gene products in a wild type strain and fil1 improves 
heat stress resistance. Currently we are overexpressing those genes in industrial strains and 
testing freeze resistance. 
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Expression in yeast as acid test to identify plant stress genes 

R. Serrano, R. Kanhonou, A. Rausell and R. Ros 

Instituto de Biología Molecular y Celular de Plantas 
Universidad Politécnica de Valencia-CSIC, Camino de Vera, 46022 Valencia, Spain 

A great part of stress processes occur at the cellular leve!. Accordingly, we have been 
using yeast cells to express plant cDNA libraries and functionally identify plant stress genes. 
A library was constructed from mRNAs isolated from salt-stressed sugar beet plants The 
vector was phage 1YPGE15, which can be excised in vivo as a shuttle E.coli-S . cerevisiae 
plasrnid by the cre-lox recombinase system. The recipient yeast strain was a double mutant 
enal-4 nhal , devoid of the two most important sodium effiux systems of yeast (the Enal 
ATPase and the Nhal antiporter). After transforrning 100.000indiivual yeast cells, colonies 
were pooled and selected for their ability to grow in the presence of 150 mM NaCI, which 
completely blocks the growth of the mutant yeast strain. From 22 positive clones we 
characterized 12 independent genes which corresponded to the following farnilies of proteins: 

a) RNA binding proteins: 8 different genes 
b) casein kinase 11 (CK2, isolated twice) 
e) dihydroorotase (homolog to yeast Ura4) 
d) eiF-lA (isolated 3 times) 
e) one gene without homologies in data banks 

CK2 do es not affect ion homeostasis and seems to modify a salt toxicity target. eiF -1 A seems 
to protect ribosomal protein synthesis against salt toxicity. The multiple RNA binding 
proteins isolated do not seem to alter ion homeostasis, suggesting that RNA metabolism is an 
important target of salt toxicity. Finally, uracil biosynthesis seems to constitute another target 
of salt toxicity. 
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Y east salinity stress responses - a progression of programs 
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, Tracie Matsumoto4 

P. Mike Hasegawa4 

1Department ofBiochemistry & Biophysics, University of Arizona, Tucson, Arizona 
2Deptartment Plant Biology, University oflllinois, at Urbana-Champaign, Illinois, USA 

3Institute ofEvolution, University ofHaifa, Mt Carmel, Israel 
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Indiana, USA 

Transcript abundance and changes in the transcript profile in response to hyper­
salinity of Saccharomyces cerevisiae was deterrnined using microarrays that included 6, 144 
open reading frames. We see our analysis as an extension of similar studies that describe 
genome-wide expression profiles for salt-stressed yeast (Posas et al. , 2000; Rep et al ., 2000) 
and as a practice session for similar studies in plants. Following incubation of logarithmically 
growing cells in IM NaCI for different time intervals, normalized changes in transcript 
abundance, more than 2-fold relative to controls, were classified. Salinity-induced ORFs 
increased over time: 107 (lO'), 243 (30'); and 354 (90') with the number of upregulated, 
functionally unknown ORFs increasing from 17 to 149. The expression pattems were similar 
during short time periods of stress, with 67% of the upregulated transcripts after lO' identical 
to those induced after 30'. In contrast, the expression profile after 90' revealed a set of up­
regulated transcripts different from the early pattems (identities of 13% [lO' time point] and 
22% [30' time point], respectively). Nucleotide and arnino acid metabolism exemplified the 
earliest responses to NaCI stress, followed by ORFs with functions related to intracellular 
transport, protein synthesis and protein destination. Transcripts related to energy production 
were upregulated throughout the time course with respiration-associated transcripts strongly 
induced after 30'. Prevalent at 90' were ORFs specitying canonical stress responses, such as 
HSPs, including the known salinity stress-induced genes, genes deterrnining detoxification 
functions, transporters of the major facilitator superfamily, metabolism of energy reserves, 
nitrogen and sulfur compounds, and lipid, fatty acid and isoprenoid biosynthesis. We have 
chosen severe stress conditions for most analyses to reveal responses of cells in biochemical 
pathways necessary for survival. Under our conditions, the most strongly upregulated early 
transcript, probably appearing within less than one minute, is that for PMP3 (Y ale & Bohnert, 
200 l ), a small protein that seems to alter the specificity of the plasma membrane proton 
ATPase or possibly act by generating pores (Navarre & Goffeau, 2000). This was further 
probed by utilizing a strain in the analysis that lacks the osmotic adjustment component 
because GPDJ and GPD2 are mutated thus abolishing the pathway leading to glycerol 
biosynthesis controlled by the HOGl pathway (Aibertyn et aL, 1994; Ansell et al ., 1997). 
Requiring much milder stress conditions (0.4M NaCI), the stress response is very much 
different from that of wild type cells. A most conspicuous response of the 6.gpd I/gpd2 cells 
is that function related to retrotransposon activation, which are not affected in wild type cells, 
are strongly upregulated under these mild stress conditions'. 

Three signa! transduction pathways in yeast, which control response to changes in 
osmolarity and the ionic environment, are known by the terms HOG (High Osmolarity 
Glycerol), calcineurin (CaN) and HAL4. Activation of HOG results in glycerol biosynthesis 
and partial activation of ENAj (sodium ATPase). CaN induction also leads to increased 
ENAJ but this pathway additionally involves the global activation of ion transport processes. 
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CaN, together with HAL4, regulates Na+-exclusion by post-transcriptional activation of the 
K+-influx transporters, TRKJ/2. We have generated gene deletion mutants of key 
components in each of these pathways to monitor changes in steady-state RNA amounts 
relative to the isogenic wild type. Genome-wide expression profiles revealed differences 
between wild type and mutants for signaling components and downstream reactions under 
high salt conditions, which were categorized as either lower or higher than wild type. Lower 
levels of RNA induction in mutants confirmed the regulation of known genetic components 
and implicated additional detenninants in signaling. Higher levels relativ'e to wild type 
suggest compensation and cross talk between different signaling pathways and extend the 
genetic network beyond the known elements of stress perception and response (Matsumoto et 
al., 2002). 

The dissirnilar ecological conditions found at the "Evolution Canyon" in Israel 
provided an opportunity for the analysis of different wild yeast strains. Evolution Canyon is 
the name of a valley where the south-facing slope in full sunlight is characterized by hot dry 
conditions while the lightly forested north-facing slope enjoys a rnild Mediterranean climate 
(Nevo, 2001). We have compared a number ofstrains from different 1ocations on both slopes 
and the valley floor with respect to stress responses, elevated levels of peroxide in particular. 
RNA from cells in the presence of 100 mM H202, in comparison to the unstressed condition, 
was used in genome-wide rnicroarray experiments. An analysis with respect to transcript 
abundance and stress-dependent changes in transcript amount will be presented. The data 
point towards variations in sensitivity among the different strains with strains collected on the 
south-facing slope characterized by higher tolerance to peroxide stress. 

Yeast up-regulated ORFs, including many functionally unknown transcripts, have 
counterparts in transcripts that are upregulated in salt-stressed plants (Bohnert et al. , 2001 ; 
Kawasaki et al. , 2001 ; Úztürk et al., 2002). It will be attempted to distill trend and meaning 
out of a large number of plant rnicroarray data that are contained in our OSMID ( osmotic 
stress rnicroarray information database; http://www.genornica.agmarley.arizona.edu) and 
stress databases (http :1 lwww. stress-genornics. org) .. 
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Tbe AMP-activated/SNFl protein kinases - guardians of 

tbe cell's energy status 

D. Grahame Hardie 

Wellcome Trust Biocentre, School ofLife Sciences, University ofDundee, Dow Street 
Dundee, DDl SEH, Scotland, UK 

The AMP-activated/SNF 1-related protein kinases are a family of protein kinases that are 
highly conserved across the eukaryotic domain, the archetypal examples being the AMP­
activated protein kinase in mamrnals and the SNFl complex in Saccharomyces cerevisiae 
[1,2]. They are heterotrimeric complexes comprising a catalytic a subunit associated with 
regulatory P and y subunits. In mamrnals there are multiple isoforms of each subunit encoded 
by distinct genes (al, a2, PI, P2, y!, y2, y3), yielding at least 12 possible heterotrimeric 
combinations [3]. In S. cerevisiae there are three P subunit isoforms (Sipl, Sip2, Gal83) that 
can associate with the single a (Snfl) and y (Snf4) subunits to form three altemate SNFl 
complexes. In Drosophila melanogaster there are single genes encoding a, p and y subunits. 
In al! species, the kinase appears to be completely inactive unless it is phosphorylated at an 
equivalent site within the "activation loop" of the a subunit kinase domain. The identities of 
the upstream kinase(s) responsible for these phosphorylation events remain a major unsolved 
problem. 

In mamrnals, the primary signa! that activates the AMP-activated protein kinase (AMPK) 
system is a rise in the AMP:ATP ratio, which activates the downstream kinase vía a multi­
step mechanism results in an ultrasensitive response [ 4]. Due to the enzyme adenylate 
kinase, a rise in the ADP:ATP ratio (signifying falling cellular energy status) is transrnitted 
into an even larger rise in AMP:ATP ratio. Thus, AMPK is activated by cellular stresses that 
inhibit ATP production (e.g. hypoxia, glucose starvation, metabolic poisons), as well as by 
stresses that accelerate ATP consumption (e.g. exercise in skeletal muscle). Once activated, 
the system switches on ATP-producing catabolic pathways (e.g. glucose/fatty acid uptake and 
oxidation) while switching off ATP-consurning processes (e.g. protein, polysaccharide and 
lipid synthesis). It achieves this both by direct phosphorylation oftarget proteins, and also by 
regulation oftranscription factors that modulate their expression. 

In S. cerevisiae, a puzzling feature is that the SNFI complex is not directly activated by 
AMP in cell-free assays, although in the known situation where the kinase is switched on 
(starvation for glucose) there is a dramatic increase in the cellular AMP:ATP ratio. Genetic 
evidence suggests that the SNFl system may respond directly to glucose availability (rather 
than indirectly through changes in AMP/ATP) via a mechanism involving the Regl-Glc7 
complex, although exactly how this operates remains unclear. It is also unclear to what extent 
the glucose-sensing mechanism is conserved in mamrnals, and the energy charge-sensing 
mechanism in yeast. 

As well as providing an overview of these systems, sorne recent developments from my 
own laboratory will be presented. These may include studies on the D. melanogaster system, 
and studies on the subcellular localization of the mamrnalian kinase, its effects on progress 
through the cell cycle, and the effects of mutations in the y subunits. Instituto Juan March (Madrid)
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Isolation aod characterization of constitutively active forms of 

the MAPK p38/Hogl 

Bell M., Capone R , Pashtan l. , Levitzki A. , Engelberg D . 

Mitogen activated protein kinases (MAPKs) play pivota! roles in growth, 
development, differentiation and apoptosis. These kinases are conserved from yeast to 
mammals. Y east cells contain severa! MAPK pathways, controlling crucial cell responses. 
Although extensively studied, the exact role of a given MAPK in these processes is not fully 
understood. Constitutively active MAPKs could be an unequivócal strong too! to address this 
issue, but such molecules are not available. MAPKs are unique enzymes, whose activation 
requires dual Tyr/Thr phosphorylation, catalyzed by MAPKKs. It is not known how to rriirnic 
this type of phosphorylation by mutagenesis. This complexity explains why constitutively 
active MAPK molecules are not available. 

Here we describe the first series of constitutively active variants of the MAPK Hog l . 
Each of the active molecules contains just a single point mutation. Interestingly, most of the 
mutations occurred in the Ll6 domain, which may play a role in dimerization. The active 
mutants were obtained through a novel genetic screen that could be applied for isolation of 
constitutively active MAPKs of other farnilies. Each of the mutants is catalytically and 
biologically active, independent of MAPKK phosphorylation. Combining severa! mutations 
on the same molecule was found to be lethal, indicating that such molecules may have an 
even stronger catalytic activity. Equivalent single mutations, introduced to the human p38a 
rendered the enzyme constitutively active. Thus, the mutations described here could be 
readily applied for production of active forms of MAPKs from yeast to human and finally 
open the way to revealing their precise biological functions. 
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Characterisation of an N-terminal activation domain ofMsn2 which is 

activated by heat shock in a PKA independent way in S. cerevisiae 

Emmanuelle Boy-Marcotte, Hervé Garreau, Sylvie Lallet, Georges Renault, 
and Michel Jacquet 

Institut de Génétique et Microbiologie UMR C8621. Bat 400 Centre Universitaire d'Orsay; 
91405 Orsay Cedex. France. Té! : (331) 69 15 65 11 ; Fax : (331) 69 15 46 29 ; 

E-mail : boy@igmors.u-psud.fr 

The transcription factors Msn2 and Msn4 (Msn2/4) of S. cerevisiae are activated by 
various stresses. Their nuclear localisation is controlled by PKA. Hyperphosphorylation of 
Msn2/4 is correlated with their activation by stress. In order to analyse the regulation of 
Msn2, different parts of this protein have been fused to the LexA DNA binding domain. 
These fusion proteins have been tested for their ability to actívate the expression of a lacZ 
reporter gene under the control of the lexA operator in yeast. The effect of heat shock and of 
the PKA pathway on their transcriptional activity has been studied. V aiious regions tested 
behave as transactivators when fused to the LexA DNA binding domain. The Msn2 DNA 
binding domain is not required for the activation by stresses. We have identified a 
transcriptional activation domain in the N-terminal part of Msn2 which is activated upon heat 
shock in a PKA independent way. This domain is not hyper phosphorylated uponheat shock 
contrarily to the whole lenght Msn2, thus hyper-phosphorylation is not essential for activation 
by heat shock. 

Hyper-phosphorylation in response to heat shock and diauxic transition is only 
observed with the fusion protein containing the largest part of Msn2 (amino acid 1 to 642) but 
missing the Msn2 DNA binding domain. Thus these phosphorylations are not localized in the 
DNA binding domain and should require a large part ofthe protein to occur. 
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Yeast mitocbondrial HSP60 prevents protein damage under oxidative stress 

Elisa Cabiscol, Pedro Echave, Jordi Tamarit, Gemma Bellí, Enrie Herrero, Joaquim Ros 

Dept. Ciencies Mediques Basiques. Facultat de Medicina. Universitat de Lleida 

Many stress protein, including members of the Hsp60 and Hsp70 families are 
constitutively expressed and fulfill essential functions as "molecular chaperones" under 
normal cellular conditions (!). 

In previous studies (2) we showed that when a yeast culture was submitted to H202 
stress severa! proteins became specifically oxidized, as measured by carbonyl forrnation. 
ldentification of such proteins revealed the presence of severa! key enzymes involved in 
energy metabolism (pyruvate dehydrogenáse, a-keto-glutarate dehydrogenase, aconitase, 
gliceraldehyde 3P dehydrogenase and enoJase), an elongation factor (EF-2), fatty acid 
synthase, and the mitochondrial Hsp60. In a parallel study (3), when an E. coli culture was 
stressed by H202, we identified DnaK (the prokaryotic member of the Hsp70 family) as a 
major target. 

S. cerevisiae Hsp60 is an ATP-dependent mitochondrial chaperone (which, in 
cooperation with Hsp 1 O) promotes folding and assembly of newly imported proteins, binds 
heat-denatured mitochondrial proteins and prevents aggregation. The concentration of 
mitochondrial Hsp60 increases 2 to 3 fold at 42°C. 

E. coli DnaK (the prokaryote member ofthe Hsp70 farnily), in cooperation with DnaJ 
stabilizes newly made proteins, stimulates protein export, facilitates degradation of abnorrnal. 
proteins and control heat -shock responses. 

The role of these chaperones protecting cells against stress conditions has been well 
documented. Nevertheless, could this protection be exerted through preventing protein 
oxidative damage? 

To address this question, a yeast strain with the hsp60 gene under the doxycycline­
regulatable tet promoter was constructed. Cultures of cells expressing Hsp60 protein levels 
ranging from 300-400% to 10-20% of those of the wild-type (DHsp60 is not viable) were 
treated with menadione (a superoxide generator) or H202, and carbonyl groups were detected 
by westem-blot. Cell viability was also measured. Experimental data indicated that increasing 
the levels of Hsp60 resulted in a decreased protein oxidative damage, and in accordance, cell 
viability was higher. 

In a parallel study, an E. co/i strain bearing a PIPTGdnaKJ was constructed. Addition 
of IPTG resulted in a five-fold increase in the DnaK levels. Aerobic cultures (30°C) were 
treated with H202 for 1 hour. Cultures without IPTG presented a 4-fold increase in carbonyl 
content after the stress, meanwhile in IPTG-induced cells only a 2-fold increase was obtained. 
Cell viability was also increased in IPTG-treated cultures. 
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Cold shock induces a SAPK-mediated response in S. pombe 

José Cansado, Teresa Soto, Francisco Beltrán, Vanessa Paredes, Jerónima Vicente and 
Mariano Gacto 
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The Schizosaccharomyces pombe Styl/Phhl /Sphl MAP kinase pathway is structurally 
related to the mammalian stress activated protein kinases (SAPKs) and also activated by a 
similar range of environmental stresses, including osmotic stress, heat shock, oxidative stress 
and UV radiation. This suggests that the yeast and manimalian · pathways are highly 
conserved. Cold shock is another type of stress that induces a variety of responses in both 
prokariotes and eukaryotes that are mainly based in the induction of cold shock proteins 
(Csp's). However, little or nothing is known in eukaryotes about the existence of SAPK­
mediated response to a thermal downshift. In this work we have dissected the MAP kinase 
cascade in S. pombe cells subjected to a cold shock. Results so far obtained indicate that: 
(i) The fission yeast Styl MAP kinase is transiently activated by phosphorylation when the 
cultures are subjected toa thermal downshift from 30°C to 10-15 °C. However the kinetics of 
Styl phosphorylation is clearly delayed as compared to other types of stress, like heat shock 
and osmotic or oxidative stresses. (ii) Wisl is the MAPK kinase (MEK) responsible for Styl 
activation during cold shock. (iii) Wisl activation under the above conditions is almost fully 
de!Jendent on phosphorylation mediated by Wakl (MEKK). (iv) The bZIP transcription factor 
Atfl becomes phosphorylated in a Styl-dependent way during a cold shock and is responsible 
for the expression of gpdl + (glycerol-3-phosphate dehydrogenase) under these ccinditions. (v) 
S. pombe strains deleted in transcription factors Atfl or Pcrl (another bZIP protein that forms 
heterodimers with Atfl) are unable to grow at low temperatures, whereas disruptants in any of 
the members of the SAPK pathway (Wisl , Styl , ... ) are able to do so, although with slower 
growth than the wild type strains. All these data strongly suggest that S. pombe responds to 
low temperatures by inducing the SAPK pathway, although its function is dispensable during 
yeast grow at these conditions. However, the presence of unphosphorylated Atfl/Pcrl 
heterodimers is critica! to ensure yeast growth at low temperatures by an as yet undefined 
mechanism/s. 
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The GATA transcription factors GLN3 and GATl link TOR to salt stress 

in Saccharomyces cerevisiae 

José L. Crespo 

One of the most recent functions assigned to the TOR signaling pathway in yeast is the 

coordination of the transcription of genes involved in nutrient utilization. Here we show that 

tra.•1scription ofENAI, a gene encoding a lithium and sodium ion transporter, essential for salt 

tolerance in yeast, is controlled by the TOR signaling pathway. First, ENAl expression is 

strongly induced under TOR-inactivating conditions. Second, the absence of the TOR­

controlled GATA transcription factors GLN3 and GATl results in reduced basal and salt­

induced expression of ENAl. Third, a gln3 gatl mutant displays a pronounced sensitivity to 

high concentrations of lithium and sodium. Fourth, TORI , similar to ENA 1, is required for 

growth under saline stress conditions. In summa.ry, our results suggest that TOR plays a role 

in the general response to saline stress by regulating the transcription ofENAI via GLN3 and 

GATI. 
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The TOR-controlled transcription activators GLN3, RTGl and RTG3 are 

regulated in response to intracellular levels of glutamine 

José L. Crespo, Ted Powers, Brian Fowler, and Michael N. Hall 

The essential, rapamycin-sensitive TOR kinases regulate a diverse set of cell growth­
related readouts in response to nutrients. Thus, the yeast TOR proteins function as nutrient 
sensors, in particular as sensors of nitro gen and carbon. However, the specific nitrogenous or 
carbon metabolites that act upstream of TOR are unknown. We investigated the role of 
glutarnine, a preferred nitrogen source and a key interrnediate in yeast nitrogen metabolism, 
as a possible regulator ofTOR. We show that the glutarnine synthetase inhibitor L-methionine 
sulfoxirnine (MSX) specifically provokes glutarnine depletion in yeast cells. MSX-induced 
glutarnine starvation caused nuclear localization and activation of the TOR-inhibited 
transcription factors GLN3, RTGl , and RTG3, all ofwhich mediate glutarnine synthesls. The 
MSX-induced nuclear localization of GLN3 required the TOR-controlled, type 2A-related 
phosphatase SIT4. Other TOR-controlled transcription factors, GATl!NILl, MSN2, MSN4 
and an unknown factor involved in the expression of ribosomal protein genes, were not 
affected by glutarnine starvation. These findings suggest that TOR senses glutarnine. 
Furtherrnore, as glutarnine starvation affects only a subset of TOR-controlled transcription 
factors, TOR appears to discrirninate between different nutrient conditions to elicit a response 
appropriate to a given condition. 
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The Sit4 protein phosphatase of Saccharomyces cerevisiae plays a role in the 

regulation of the PKCl-MAP kinase activity 

María Angeles de la Torre-Ruiz1 , Jordi Torres Roselll, Joaquín Ariño2 and Enrique Herrero) 
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Auto noma de Barcelona, 08193 -Bellaterra, Barcelona, Spain 

Maintenance of cellular integrity in Saccharomyces cerevisiae is carried out by the 
activation of the protein kinase C- mediated MAP kinase pathway. However, .little is known 
about the mechanisms that ensure inactivation ofthis signalling cascade. Here we reporta novel 
role for the protein phosphatase Sit4 in the downregulation ofboth basal and induced activity of 
the PKCl-MAPK pathway. This new Sit4 function is not cell cycle-dependent. The Ppzl and 
Ppz2 protein phosphatases have a contrary effect to Sit4 in the modulation ofMpk1 activity that 
is similar to that previously described in cell cycle progression. The regulatory effect on Mpkl 
phosphorylation is independent ofthe MsgS and Ptp2 protein phosphatase function and requires 
an intact PKC 1-MAPK module. Our data indicate that Sit4 operates upstream of Rho 1, 
downregulating Pkcl kinase activity and affecting all known biological functions involving Pkcl . 
Further analyses are being carried out in order to study possible interactions between Sit4 and 
cell-membrane receptors. Thus, Sit4 influences Mpk1 activity and cell wall integrity, 
organisation ofthe actin cytoskeleton, and ribosomal gene transcription. 
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Transcription factors under the control of the yeast Hogl MAPK 
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Exposure of yeast cells to increases in extracellular osmolarity activates the Hogl 
rnitogen-activated protein (MAP) kinase. Activation of Hogl MAPK results in induction of a 
set of osmoadaptive responses, which allow cells to survive in high osmolarity environments. 
Cells respond to saline stress by inducing the expression of a very large number of genes, and 
suggest that stress adaptation requires regulation of many cellular aspects. The transcriptional 
induction of most genes that are strongly responsive to salt stress was highly or fully 
dependent on the presence of the MAP kinase Hogl, indicating that the Hogl-mediated 
signaling pathway plays a key role in global gene regulation under osmotic stress conditions. 
Sorne transcription factors under the control of the MAP kinase have been described recently 
(such as Skol , Hotl , Msn2 and Msn4) but they cannot account for the complex gene 
regulation regulated by Hogl. To identify new transcription factors under the control of the 
MAPK, we designed a genetic screen to isolate clones whose overexpressions were able to 
induce STLI gene transcription. Overexpression ofthe MEF2-like transcription factor, SMP1 , 
induced transcription of the STL 1 : :LacZ gene expression even in the absence of osmotic 
stress. Smp 1 was phosphorylated in response to osmotic stress in a Hog 1-dependent manner 
and furthermore, Smp 1 interacted with Hog 1 and was phosphorylated in vitro by the MAPK. 
Taken together our data suggest that Smp1 acts downstream ofHog1 controlling a subset of 
the responses induced by the MAP kinase upon osmotic stress. 
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Response of yeast cells under stress conditions taking place during 
the vinification process 
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Yeast production, alcoholic fermentation and, in sorne cases, biological aging are steps 
required for winemalcing nowadays. During these processes yeast cells are subjected to 
severa! stress conditions that have been reviewed by Attfield (1997). Due to the high sugar 
content in the must, osmotic stress is affecting yeast cells after inoculation into this medium to 
carry out alcoholic fermentation . Nitrogen starvation stress could take place during the last 
days of vinification, when nitrogen compounds are exhausted or can not be taken by yeast 
cells from the growth medium. Ethanol stress is due to the progressive production of this 
alcohol, that have effects toxics on yeast cells, being the membranes its primary action place. 
Ethanol and acetaldehyde stresses are also affecting yeast cells during the biological aging of 
certain wines such sherry wines. This process of biological agíng is carried out by yeast 
strains different to those carrying out the alcoholic fermentation (Esteve-Zarzoso et al. , 2001 ). 
These yeasts ("flor yeasts") grow on the surface of the wine producing the so called velum. 
Due to their respiratory metabolism, very high concentrations of acetaldehyde (up to 1000 
mg/L, or even more under certain circumstances, Martínez et al ., 1998), also a very toxic 
agent, are produced from ethanol (which is also maintained at concentrations around 15 .5% 
(v/v)). In our laboratory we have analysed the response of yeast cells under these stress 
conditions. To study the osmotic stress, we have followed the expression of severa! genes 
induced by stress (GPD1, HSP 12 and HSP 104), during the first hours ofvirlifications carried 
out with synthetic must and we have found a significan! induction ofthe GPD1 gene but al so 
a repression of HSP 104 and, specially, HSP 12 genes. To understand the response to nitrogen 
starvation stress we have followed expression ofCAR1, YGP1 and YVH1 genes -for which 
induction by this condition has been described in the literature- along vinification and we 
have not identified a clear pattern of expression related to the consumption of nitrogen 
compounds. However we have identified arginase activity (Middlehoven, 1964) as a good 
marker for detecting nitrogen defficiencies along vinification. Finally for the analysis of 
ethanol and acetaldehyde responses we have carried out an analysis of the expression of 
severa! HSP genes under laboratory conditions in strains isolated during alcoholic 
fermentation and biologícal agíng. We have found a significan! induction ofthese genes ¡md a 
correlation between high levels ofinduction, resistan ce to these stress conditions and isolation 
from steps ofbiological aging. 

Refereoces: 
Attfield, P. V. (1997) Nat. Biotechnol. 15, 1351-1357. 
Esteve-Zarzoso, B., Peris-Torán, M.J., García-Maiquez, E., Uruburu, F. , Quero1, A. (2001) Appl. Enviran. 
Microbio!. 67, 20~ 6 -2061. 

Martínez, P., Valcárcel., M.J., Pérez, L., Benítez, T. (1998) Aro. J. Enol . Vitic. 49, 240-250. 
Middlehoven, W.J. (1964) Biochim. Biophys. Acta 93 , 650-652. 
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Identification of MAPK pathway components in the fungal pathogen 

Fusarium oxysporum 

Antonio Di Pietro 

Filamentous fungi are the causal agents of devastating diseases in crop plants around the 
world, and are becoming increasingly important as infective agents of humans. Cellular signaling 
between host and pathogen is the first and most critical step in defining the outcome of fungal 
infection. During the early steps of interaction, fungal pathogens must perceive stimuli from the 
plant or human host and respond with appropriate morphogenetic and biochemical changes such 
as directed hyphal growth, adhesion to the host surface, differentation of specialized infection 
structures and secretion of enzymes and toxins. The molecular mechanisms by which this 
perception and adaptation occurs rema in largely unknown ( 1 ). 

Our group uses the vascular wilt fungus Fusarium oxysporum as a model to address the 
role of signal transduction in fungal pathogenesis. Recen ti y, we have identified Fmkl, a mitogen­
activated protein kinase (MAPK) of F. oxysporum orthologous to Fus3 from Saccharomyces 
cerevisiae. Knockout mutants in the Fmkl gene show normal vegetative growth and conidiation 
in culture but are non-pathogenic on tomato plants (2). The mutants fail to differentiate 
peni!tration hyphae resulting in strongly reduced root attachment. Additional defects include 
impaired abilities to breach the liquid-air interface and to grow invasively on living plant tissue. 
The fmkl mutants al so show strongly reduced transcript Jevels of pi 1 encoding the cell wall­
degrading enzyme pectate lyase (3). We conclude that Fmkl controls severa! key steps in 
pathogenesis ofF. oxysporum and is part of a conserved signaling cascade in fungal pathogens of 
humans and plants (4). 

Our next objective is to identify the upstream and downstream components of the Fmk 1 
pathway. These include the signal inputs such as host surface molecules and cell receptors as well 
as the effector genes essential for infection. 8oth classes of genes are largely unknown in fungal 
pathogens (4). Therefore, we will use defined mutants in two well-characterized yeast MAPK 
signalling cascades, the mating and the filamentation pathways (5), as too1s to identify F. 
oxysporum Fmkl pathway components. Appropriately engineered yeast mutants will be 
transformed with F. oxysporum cDNA libraries and screened for functional complementation of 
signaling. The role of the identified genes in signaling and pathogenesis will be determined J:>y 
producing F. oxysporum knockout mutants. If successful, this approach is expected to identify 
new pathogenicity determinants that may serve as targets for novel antifungals. 
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l. Knogge, W. (1996) Plant Ce118:1711-1722 
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Expression of GUPl and GUP2, S. cerevisiae glycerol active transport genes 
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Two highly homologous genes related to a phenotype of salt stress tolerance were 
identified in S. cerevisiae l. These were named GUPI and GUP2 from Glycerol Uptake. In 
ethanol-grown cells the activity of glycerol proton symport2 could be attributed to the activity 
of Guplpl, while on glucose-grown cells no glycerol uptake2 was ever detectable. The 
double mutant gpdl *gpd2*, as well as the other deletion combinations defective on either or 
both GPD genes, once cultivated on glucose in the presence of salt, revealed a surprisingly 
high transport activity. Further deletion of GUP 1 reduced this activity to approximately 50%. 
The remaining uptake has been attributed to the activity of GUP21. The expression of these 
two genes was determined by RT-PCR in wt and GPD deleted strains. Surprisingly2, results 
revealed significant levels of expression of both GUP genes in derepressed as well as on 
glucose-grown cells. Expression of GUPl was strongly enhanced by GPD deletions, in 
particular in cells cultivated with salt and small amounts of glyceroll, whileGUP2 strongest 
expression enhancement was observed in salt-grown cells without glycerol supply. These 
results suggest that (1) these genes expression is differently regulated and that (2) further 
regulation steps of glycerol transport activity downstream transcription of GUP genes might 
exist. 

Refereoces: 
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Msg5 as a negative regulator of the cell integrity pathway in S. cerevisiae 

Humberto Martín, Marta Flández, Inmaculada Cosano, César Nombela and María Molina 

The mitogen-activated protein kinase (MAPK) signaling pathways are critical for the 
response of cells to stress conditions. The magnitude and duration of MAPK signaling must be 
properly regulated, since they are critical determinants of the response. However, in contrast to 
the activation ofMAPKs, the inactivation ofthese proteins is poorly understood. 

In the yeast Saccharomyces cerevisiae, the Slt2 MAPK mediated pathway is essential for 
the maintenance of the cell integrity. It has been shown to be activated in response to different 
stress conditions such a high temperature, hypotonic shock and the exposure to agents that alter 
the cell wall ( 1 ). 

We have shown that disruption of the dual-specificity protein phosphatase MSGS (2) in 
wild type cells results in increased phospho-Slt2 Jevels. In order to gain insight into the 
mechanisms that regulate the function of Msg5 on the cell integrity pathway, we ha ve studied the 
interaction of Msg5 and Slt2. Two hybrid experiments have shown that both proteins interact. 
Furthermore, this interaction is weaker at high temperatures, as revealed by copurification 
experiments. We have also found that activation of the cell integrity pathway results in the 
appearance of severa! Msg5 species of higher electrophoretic mobility. Treatment with 
phosphatase alkaline caused Msg5 to migrate as a band of low electrophoretic mobility, 
indicating that Msg5 is phosphorylated following the stress. This phosphorylation event depends 
on Slt2. A model of co-regulation ofMsg5 and Slt2 will be discussed. 

References: 
1.· Martin H, Rodriguez-Pachon JM, Ruiz e, Nombela e, Malina M.Regulatory mechanisms for modulation of 
signaling through the cell integrity Slt2-mediated pathway in Saccharomyces cerevisiae. J Biol ehem. 2000 Jan 
14;275(2): 1511-9. 

2.- Doi K, Gartner A, Ammerer G, Errede B, Shinkawa H, Sugimoto K, Matsumoto K MSG5, a novel protein 
phosphatase promotes adaptation to pheromone response in S. cerevisiae. EMBO J. 1994 Jan 1; 13(1 ):61-70. 
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Effect of methylmetane sulfonate in the transcription of DNA repair 

elements in Saccharomyces cerevisae 

Michán, C. , Monje-Casas, F. and Pueyo, C. 

We have studied the response to methylmetanesulfonate (MMS) of the mechanisms of 
DNA repair in the microorganism Saccharomyces cerevisae. We have measured by 
retrotranscription combined with multiplex PCR (R T -MPCR) the mRNA levels of the genes 
coding for enzymes that are involved in (i) base excision repair (BER) as Apnl , Apn2, Ntgl, 
Ntg2 and Oggl , (ii) mismatch repair (MMR) as Msh2 and Msh6, and (iii) catalytic subunits 
ofDNA polymerases participating in this process as Rev3 and Rad30. 

The effect of this DNA damaging agent was recorded at different exposure times. We 
found that most of the genes in study were induced only after 60 minutes exposure although 
to different extenses. 

References: 
Pueyo, C. , Jurado, J., Prieto•Áiamo, M.J., Monje-Casas, F. and López-Barea, J (2001) Transcriptional regulation 
of thioredoxin and glutaredoxin pathways in response to oxidative stress. Quantification by multiplex RT -PCR. 
Method. Enzymol. , in press 
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Expression analysis of thioredoxin and glutathione systems in 
Saccharomyces cerevisiae 

Monje-Casas F, Michán C. and Pueyo C. 

The intracellular redox state of Saccharomyces cerevisiae is maintained by 
glutathione- and thioredoxin-dependent reduction systems. We éxamined the in vivo 
expression of up to 16 genes encoding for components of both systems under different 
oxidative stress conditions, using a methodology based on multiplex RT-PCR, followed by 
analysis using the Genescan software. In this way, wild type cells were exposed to different 
concentrations of H202 and at different times, and the expression pattems of the genes under 
study were elaborated. The sensitivity of the multiplex RT -PCR method allowed us to detect 
the increase in the expression levels of several genes at low concentrations and short times. 
The results, in agreement with previous studies of these genes, demonstrate the reliability and 
sensitivity of the method, and bring up new interesting data for understanding the response of 
Saccharomyces cerevisiae to oxidative stress conditions. 
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in an independent fashion 
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Candida albicans hogl mutants are avirulent in a mouse model of infection. 
Nevertheless, these mutants are derepressed in the hyphal formation, one ofthe characteristics 
usually linked to virulence. In order to understand why a hyperfilamentous C. albicans strain 
is avirulent, we analysed other phenotypic traits. We have found that the MAP kinase Hogl is 
necessary in Candida albicans to survive to enhanced oxidative stress. Mutants lacking this 
gene are unable to survive to high concentrations of different substances producing oxidative 
radicals such as hydrogen peroxyde, menadione or K02• In addition, Hogl is phosphorylated 
in the presence of hydrogen peroxide. 

Other Candida a/bicans proteins involved in resistance to oxidative stress have been 
described previously. One of them, Cap 1, is a putative transcription factor homolog to 
Saccharomyces cerevisiae Yap l . In order to evaluate the relationship between both proteins 
in sensing oxidative stress, we have constructed capl/capl and hogllhogl capl /capl 
C. albicans mutants (C. albicans is a diploid fungus) . Testing the sensitivity ofboth mutants 
to hydrogen peroxide, our conclusions are that both signaling events are independent being 
the double mutant more sensitive to this compound than the single knockouts . Single 
homozygous cap! or hogl mutants behave also differently in response to other stimuli 
(menadione, CdS04) confirming our hypothesis of a different regulation of the response to 
oxidative stress . In addition, in response to hydrogen peroxide the phosphorylation of Hogl in 
a cap! mutant was undistinguishable from the one found in a wild type strain. 
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The Saccharomyces cerevisiae Sit4 phosphatase plays an important role in cell cycle 
regulation because it is requin!d for progression into S phase (1 ,2) . In addition, Sit4p has been 
involved in the regulation of ion homeostasis and it has been proposed that, when 
overexpressed, confers lithium tolerance in galactose medium (3). 

By using sets of S. cerevisiae strains with different genetic backgrounds, we have 
studied the role ofthe SIT4 gene product on the tolerance to different alkali cations (K+, Na+, 
Rb +, and Lt). Our results indicate that deletion of SIT4 significantly affected growth in the 
presence of high Lt and K+ concentrations. Cation contents and fluxes have been determined 
and the results will be presented. 

References: 
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Novel regulators of the oxidative stress response in S. pombe 
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The response to oxidative stress in eukaryotic cells requires a highly coordinated 
response and an enormous precision in the triggering of different biochernical switches. In 
general, is considered that the main pathway involved in the response to oxidative stress is the 
Spcl pathway. 

Spcl is a MAP kinase highly homologous to p38 in mammalian cells, that is activated 
in response to severa! types of stress and in particular after oxidation. However, is known that 
many pieces of the puzzle are rnissing. Genetic evidences suggests the presence of severa! 
activation steps that have not been biochernically characterized. 

In order to have such information, we decided to perform genetics screenings looking 
for mutant yeasts that showed increased sensitivity to oxidative stress. The identification of 
the mutated gene would give us a possible regulator of the pathway, and a more clear picture 
ofthe activation ofthis pathway. 

We have identified such a pos1t1ve regulator. Mutants in this new gene showed 
increased sensitivity to oxidative stress but not to other types of stress, indicating a high 
specificity. Moreover, we have obtained biochernical and genetic evidences that demonstrate 
the role ofthis protein in the Spcl pathway. 

The presence of highly homologous sequences to this gene in human and rnice, 
indicate a highly conserved mechanism, and a possible starting step for future experiments in 
mammalian cells. 
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The role of HOG and PKC pathways in yeast cell wall architecture 

César Roncero 

Yeast cell wall constitutes a dynamic structure that warrants cell survival in a very 
fluctuating environrnent. Cell wall architecture is the result of a delicate balance between 
synthesis and degradation, a process that have been study át the molecular leve! during the 
last years (1) . Our group has been involved lately in the study of the influence of the HOG 
and PKC pathways in the construction of yeast cell wall. We observed that both pathways 
function under non-induction conditions, and that it is in this state where they work 
antagonically in the regulation of cell wall plasticity (2). We will describe our results showing 
the epistatic effect of these routes in signalling, but also their effect on the expression of 
severa! cell wall related genes. 

Although the molecular mechanism that allows the interaction between both routes is 
not jet known, our recent results indicates that this interaction could be produced at the leve! 
of sensors. These results will be discussed in the frame of our knowledge about cell wall 
architecture. 

In addition we will show how the regulation of chitin biosynthesis, as a compensatory 
mechanism against cell wall damage, is the result of posttranslational events only partially 
mediated by the PKC signalling transduction pathway. 

References: 
1- Smits, G.J., van den Ende, H. and Klis, F.M. (2001) Differential regulation of cell wall biogenesis during 
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lnterconnection between the TOR and the SNFl protein kinase pathways in 

the regulation of the subcellular localization of MSN2 
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In this study we show that Regl, the regulatory subunit of the Regl /Glc7 protein 
phosphatase (PPI) complex, interacts physically with the two yeast members of the 14-3-3 
protein family, Bmhl and Bmh2. By using different fragments of the Regl protein we map 
the interaction domain at the N-terminal part of the protein. Two-hybrid experiments indicate 
that Glc7 (the catalytic subunit ofthe phosphatase complex) also interacts with Bmh2. Bmh2 
is involved in the regulation of the subcellular localization of Msn2, a transcriptional activator 
of STRE regulated genes. In regiD mutants this regulation is absent, being Msn2 
constitutively present in the cytosol. This localization defect was specific of carbon starvation 
stress. This effect is due to an active Snfl protein kinase that inhibits the nuclear localization 
of Msn2 upon carbon starvation. Active Snfl kinase is also able to avoid the effects of 
rapamycin, a drug that by inhibiting the TOR kinase pathway leads to a nuclear localization of 
Msn2 in wild type cells. Therefore, active Snfl and the TOR kinase pathway may affect the 
same cytosolic step in the regulation of the subcellular localization of Msn2. 
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The controlled movement of solutes and molecules across the plasma membrane is of 
critica) importance for cells to adapt to environmental stress conditions. The Fpslp glycerol 
channel plays a central role in yeast osmo-adaptation by controlling the intracellular leve) of 
the osmolyte glycerol. Fpslp is rapidly gated by osmolarity changes and may be an, 
osmosensor itself. Channel closure ensures glycerol accumulation under hyper-osmotic stress 
whereas a drop in osmolarity triggers the opening of Fpslp to allow glycerol efllux. Cells 
lacking Fpslp are sensitive to hypo-osmotic shock while cells expressing an Fpslp-channel 
that cannot close grow poorly under hyper-osmotic stress. Closing of Fpslp requires a 
regulatory domain located close to the first transmembrane domain. Alanine-scanning 
mutagenesis of this domain has identified specific residues that are critica) for the closing 
mechanism. 

Interestingly, Fps 1 p al so plays a role in metalloid tolerance. Inactivation of Fps 1 p 
improves growth of yeast cells in the presence of the toxic metalloids arsenite and antimonite. 
Physiological data as well as direct transport assays show that the metalloids enter yeast cells 
via Fpslp. This entry pathway appears to be regulated since expression of the FPSl gene is 
repressed in the presence of the metalloids. 

Hence, cells are able to control Fpsl p-dependent transport (glycerol efllux 1 metalloid 
influx) according to the environmental stress condition they experience: channel regulation is 
exerted at the protein level during osmotic stress whereas regulation is exerted at the 
expression level during metalloid stress. 
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144, 28006 Madrid (Spain). Tel. : 34 91 564 45 62. Fax: 34 
91 562 75 18. E-mail : penalva@cib.csic.es 

Cell Signaling Unit, Dept. de Ciencies Experimentals i de la 
Salut. Univ. Pompeu Fabra (UPF). C/ Doctor Aiguader 80, 
Barcelona 08003 (Spain). Tel. : 34 93 542 28 48. Fax: 34 93 
542 28 OO. E-mail: francesc.posas@cexs. upf.es 

Harvard Medica! School, Dept. Biological Chernistry and 
Molecular Pharmacology. 240 Longwood Ave., Boston, 
MA. 02115 (USA). Tel. : 1 617 432 3771. Fax: 1617 432 
2529. E-mail: markus_proft@hms.harvard .edu 

Department ofMolecular Biology, The Scripps Research 
lnstitute. 10550 North Torrey Pines, MB3 , La Jolla, CA. 
92037 (USA). Tel.: 1 858 784 82 73 . Fax: 1 858 784 22 65 . 
E-mail : prussell@scripps. edu 

Institute ofMedical Biochernistry. Department ofMolecular 
Genetics. University and Biocenter Vienna. Dr. Bohr-Gasse 
9/2, 1030 Vienna (Austria). Tel. : 43 1 4277 61811. Fax: 43 
1 4277 9618. E-mail: Christoph@mol.univie.ac.at 

Instituto de Biología Molecular y Celular de Plantas. 
Universidad Politécnica de Valencia-CSIC. Camino de Vera, 
46022 Valencia (Spain). Tel. : 34 96 387 78 60. Fax: 34 96 
387 78 59. E-mail: rserrano@ibmcp.upv.es 

Laboratorium voor Moleculaire Celbiologie. lnstitute of 
Botany and Microbiology, Katholieke Universiteit Leuven. 
Kasteelpark Arenberg 31, 3001 Leuven-Heverlee, Flanders 
(Belgium). Tel. : 32 16 32 15 07. Fax: 32 16 32 1979. E­
mail : johan.thevelein@bio.kuleuven.ac.be 

Dept. ofBiological Chernistry, Univ. ofMichigan Medica! 
School, Ann Arbor, Michigan, 48109-0606 (USA). Tel. : 1 
734 763 5717. Fax: 1 734 763 4581. E-mail: dthiele@ 
urnich.edu 

SBGMIDBCMIDSV, CEA-Saclay, Gif-sur-Yvette 91191 
CEDEX (France). Tel. : 33 1 69 08 82 44. Fax: 33 1 69 08 
80 46. E-mail: toledano@jonas.saclay.cea.fr 

CRC Cell Regulation Group, Paterson Institute for Cancer 
Research. Wi1mslow Rd., Manchester, M20 4BX (UK). 
Tel.: 44 161 446 31 71. Fax: 44 161 446 31 09. E-mail: 
MToone@picr.man.ac.uk 
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LIST OF PARTICIPANTS 

Dept. ofGenetics. Faculty ofBiology. Universitat de 
Barcelona. Av. Diagonal645, 08071 Barcelona (Spain). 
Tel.: 34 93 402 1501. Fax: 34 93 411 0969. E-mail: 
silvia@porthos.bio.ub.es 

Dept. ofBiological Chemistry, The Life Sciences Istitute. 
The Hebrew University, 91904 Jerusalem (Israel). Tel.: 972 
2 658 48 72. Fax: 972 2 658 64 48 . E-mail: 
bell@cc.huji.ac.il 

Institut de Génétique et Microbiologie UMR C8621. Bat 
400 Centre Universitaire d'Orsay, 91405 Orsay Cedex 
(France). Tel. : (331) 69 15 65 11. Fax: (331) 69 15 46 29. E­
mail : boy@igmors.u-psud.fr 

Dept. Ciencies Mediques Basiques. Facultat de Medicina. 
Universitat de Lleida. Rovira Roure 44, 25198 Lleida 
(Spain). Tel.: 34 973 70 24 07. Fax: 34 973 70 24 26. E­
mail : elisa.cabiscol@cmb.udl.es 

Departamento de Genética y Microbiología. Facultad de 
Biología. Universidad de Murcia, 30071 Murcia (Spain). 
Tel.: 34 968 36 49 53. Fax: 34 968 36 39 63 . E-mail: 
jcansado@ um.es 

Víctor Cid Opto. de Microbiología II. Fac. de Farmacia. Universidad 
Complutense de Madrid. Ciudad Universitaria, 28040 
Madrid (Spain). Tel.: 34 91 394 18 34. Fax: 34 91 394 17 45 

José L. Crespo Dept. ofBiochemistry. Biozentrum/University ofBasel. 
Klingelbergstr. 70,4056 Base! (Switzerland). Tel.: 41 61 
267 2174. Fax: 41 61 267 2148. E-mail: Jose-Luis.Crespo@ 
unibas.ch 

María Angeles de la Torre-Ruiz Departarnent de Ciencies Mediques Basiques, Faculta! de 
Medicina, Universitat de Lleida. Rovira Roure 44, 25198 
Lleida (Spain). Tel. : 34 97 370 24 09. Fax: 34 97 370 24 26. 
E-mail: madelatorre@cmb.udl.es 

Eulalia de Nada! Cell Signaling Unit, Departament de Ciencies 
Experimentals i de la Salut. Universitat Pompeu Fabra 
(UPF). Doctor Aiguader 80, 08003 Barcelona (Spain). Tel.: 
34 93 542 28 86. Fax: 34 93 542 28 02. E-mail : 
eulalia.nadal@cexs.upf.es 
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Marcel-lí del Olmo 

Antonio Di Pietro 

Mariano Gacto 

Juana M. Gancedo 

Enrique Herrero 

Jc:an Labarre 

Barbara Leyman 

Candida Lucas 

Humberto Martín 

Carmen Michán 
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Departament de Bioquímica i Biologia Molecular, Fac. de 
Ciences Biologiques, Universitat de Valencia, and Instituto 
de Agroquímica y Tecnología de Alimentos (C.S.I.C.). 
Apartado de Correos 73,46100 Burjassot, Valencia (Spain). 
Tel.: 34 96 390 00 22. Fax: 34 96 363 63 01 

Departamento de Genética. Fac. de Ciencias. Universidad 
de Córdoba. Campus de Rabanales, 14071 Córdoba (Spain). 
Tel.: 34 95 721 89 81. Fax: 34 95 721 87 30. E-mai1: 
ge2dipia@uco.es 

Departamento de Genética y Microbiología. Facultad de 
Biología. Universidad de Murcia, 30071 Murcia (Spain). 
Tel. : 34 968 36 71 32. Fax: 34 968 36 39 63 . E-mail: 
maga@urn.es 

Instituto de Investigaciones Biomédicas. Arturo Duperier 4, 
28029 Madrid (Spain). Tel.: 34 91 585 46 22. Fax: 34 91 
585 45 87. E-mail: jmgancedo@iib.uam.es 

Dept. ofBasic Medica! Sciences, Faculty ofMedicine, 
University of Lleida. Ro vira Roure 44, 25198 Lleida 
(Spain). Tel. : 34 973 70 24 09. Fax: 34 973 70 24 26. E­
mail: enric.herrero@cmb.udl.es 

Service de Biochimie et Génétique Moléculaire, CEA­
Saclay, 91191 Gif-sur-Yvette Cedex (France). Tel. : 33 1 69 
08 22 31. Fax: 33 1 69 08 47 12. E-mail: jlabarre@cea.fr 

Flemish 1nteruniversity Institute for Biotechnology-VIB and 
Laboratorium voor Moleculaire Celbiologie, Katholieke 
Universiteit Leuven. Kasteelpark Arenberg 31 , 3001 
Leuven-Heverlee (Belgiurn). Tel. : 32 16 32 15 12. Fax: 32 
16 32 19 79. E-mail : barbara.leyman@bio.kuleuven.ac.be 

Departamento de Biologia, Universidade do Minho. 
Gualtar, 4710-057 Braga (Portugal). Tel. : 351 253 60 43 13. 
Fax: 351 253 67 89 80. E-mail: clucas@bio.uminho.pt 

Opto. de Microbiología 11. Fac. de Farmacia. Universidad 
Complutense de Madrid. Ciudad Universitaria, 28040 
Madrid (Spain). Tel.: 34 91 394 18 34. Fax: 34 91 394 17 
45 . E-mai1: humberto@farm.ucm.es 

Opto. de Bioquímica y Biología Molecular. Universidad de 
Córdoba. Campus de Rabanales, 14071 Cordoba (Spain). 
Tel.: 34 957 21 80 82. Fax: 34 957 21 86 88. E-mail: 
bb2midoc@uco.es 
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Raquel Serrano 
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Opto. de Bioquímica y Biología Molecular. Universidad de 
Córdoba. Campus de Rabanales, 14071 Córdoba (Spain). 
Tel. : 34 957 21 80 82. Fax: 34 957 21 86 88. E-mail : 
q62mocaf@uco.es 

Instituto de Microbiología Bioquímica. CSIC/Dpto. de 
Microbiología y Genética. Universidad de Salamanca. 
Edificio Departamental. Avda. del Campo Charro s/n, 
37007 Salamanca (Spain). Tel.: 34 923 12 16 44. Fax: 34 
923 22 48 76. E-mail: piper@gugu.usal.es 

Departamento Microbiología II. Facultad de Farmacia, 
Universidad Complutense de Madrid. Plaza de Ramón y 
Cajal s/n, 28040 Madrid (Spain). Tel. : 34 91 394 16 17. 
Fax: 34 91 394 17 45. E-mail: jesuspla@farm.ucm.es 

Opto. de Microbiología. ETSIAM. Universidad de Córdoba, 
14080 Córdoba (Spain). TeL: 34 957 21 85 21. Fax: 34 957 
21 85 63. E-mail: milraruj@uco.es 

The Scripps Research lnstitute. 10550 North Torrey Pines 
Rd., La Jolla, CA. 92037 (USA). Tel. : 1 858 784 28 23. 
Fax: 1 858 784 22 65. E-mail: miguelr@scripps.edu 

Instituto de Microbiología Bioquímica. Departamento de 
Microbiología y Genética. Universidad de Salamanca/CSIC. 
Avda. del Campo Charro s/n, 37007 Salamanca (Spain). 
Tel. : 34 923 29 47 33 . Fax: 34 923 22 48 76. E-mail : 
crrn@gugu.usal.es 

Dept. Ciencies Mediques Basiques. Facultat de Medicina. 
Universitat de Lleida. Rovira Roure 44, 25198 Lleida 
(Spain). Tel. : 34 973 702 275 . Fax: 34 973 702 426. E-mail: 
joaquim.ros@cmb.udl.es 

Instituto de Biomedicina de Valencia (CSIC). Jaime Roig 
11 , 46010 Valencia (Spain). Tel.: 34 96 339 17 60. Fax: 34 
96 369 08 OO. E-mail: sanz@ibv.csic.es 

Departamento de Bioquímica y Biología Molecular. Fac. de 
Veterinaria. Universidad Autónoma de Barcelona, 08193 
Barcelona (Spain). Tel. : 34 93 581 20 99. Fax: 34 93 581 20 
06. E-mail: raquelbioq@hotmail.com 

Department ofCell and Molecular Biology/Microbiology, 
Goteborg University. Box 462, 405 30 Goteborg (Sweden). 
Tel.: 46 31 773 25 48. Fax: 46 31 773 25 99. E-mail : 
markus.tamas@gmm.gu.se 

Cell and Molecular Cell. 11 00 Massachusetts A venue, 
Cambridge, MA. 02138 (USA). Tel.: 1 617 397 28 25. Fax: 
1 617 397 28 10. E-mail: dzuk@cell.com 
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Texts published in the 
SERIE UNIVERSITARIA 

by the 
FUNDACIÓN JUAN MARCH 

concerning workshops and courses organized within the 
Plan for International Meetings on Biology (1989-1991) 

* : Out of stock. 

•245 Workshop on Tolerance: Mechanisms 
and lmplications. 
Organizers: P. Marrack and C. Martínez-A. 

•247 Workshop on Pathogenesis-related 
Proteins in Plants. 
Organizers: V. Conejero and L. C. Van 
Loan. 

•248 Course on DNA - Protein lnteraction. 
M. Beato. 

•249 Workshop on Molecular Diagnosis of 
Cancer. 
Organizers: M. Perucho and P. García 
Barreno. 

•251 Lecture Course on Approaches to 
Plant Development. 
Organizers : P. Puigdomenech and T. 
Nelson. 

•252 Curso Experimental de Electroforesis 
Bidimensional de Alta Resolución. 
Organizer: Juan F. Santarén. 

253 Workshop on Genome Expression 
and Pathogenesis of Plant ANA 
Viruses. 
Organizers: F. García-Arenal and P. 
Palukaitis. 

254 Advanced Course on Biochemistry 
and Genetics of Yeast. 
Organizers: C. Gancedo, J. M. Gancedo, 
M. A. Delgado and l. L. Calderón. 

•255 Workshop on the Reference Points in 
Evolution. 
Organizers: P. Alberch and G. A. Dover. 

•255 Workshop on Chromatin Structure 
and Gene Expression. 
Organizers: F. Azorín, M. Beato and A. 
A. Travers. 

257 Lecture Course on P.olyamines as 
Modulators of Plant Development. 
Organizers: A. W. Galston and A. F. 
Tiburcio. 

•258 Workshop on Flower Development. 
Organizers: H. Saedler, J. P. Beltrán and 
J. Paz-Ares. 

•259 Workshop on Transcription and 
Replication of Negative Strand ANA 
Viruses. 
Organizers: D. Kolakofsky and J. Ortín. 

•250 Lecture Course on Molecular Biology 
of the Rhizobium-Legume Symbiosis. 
Organizer: T. Ruiz-Argüeso. 

261 Workshop on Regulation of 
Translation in Animal Virus-lnfected 
Ce lis. 
Organizers : N . Sonenberg and L. 
Carrasco. 

•253 Lecture Course on the Polymerase 
Chain Reaction. 
Organizers : M. Pe rucho and E. 
Martínez-Salas. 

•254 Workshop on Yeast Transport and 
Energetics. 
Organizers: A. Rodríguez-Navarro and 
R. Lagunas. 

265 Workshop on Adhesion Receptors in 
the lmmune System. 
Organizers : T . A . Springer and F. 
Sánchez-Madrid. 

•266 Workshop on lnnovations in Pro­
teases and Their lnhibitors: Funda­
mental and Applied Aspects. 
Organizer: F. X. Avilés. 
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267 Workshop on Role of Glycosyi­
PhosphatidyUnositol in Cell Signalling. 
Organizers: J. M. Mato and J. Larner. 

268 Workshop on Salt Tolerance in 
Microorganisms and Plants: Physio­
logical and Molecular Aspects. 

Texts published by the 

Organizers: R. Serrano and J. A. Pintor­
Toro. 

269 Workshop on Neural Control of 
Movement in Vertebrales. 
Organizers: R. Baker and J. M. Delgado­
García. 

CENTRE FOR INTERNATIONAL MEETINGS ON BIOLOGY 

Workshop on What do Nociceptors *10 Workshop on Engineering Plants 

Tell the Brain? Against Pests and Pathogens. 

Organizers: C. Belmonte and F. Cerveró. Organizers : G. Bruening , F. García-
Olmedo and F. Ponz. 

*2 Workshop on DNA Structure and 
Protein Recognition. 11 Lecture Course on Conservation and 
Organizers: A. Klug and J. A. Subirana. Use of Genetic Resources. 

*3 Lecture Course on Palaeobiology: Pre- Organizers: N. Jouve and M. Pérez de la 

paring for the Twenty-First Century. Vega. 

Organizers: F. Álvarez and S. Conway 
12 Workshop on Reverse Genetics of 

Morris. Negative Stranded ANA Viruses. 

*4 Workshop on the Past and the Future Organizers : G. W. Wertz and J . A. 

of Zea Mays. Melero. 

Organizers: B. Burr, L. Herrera-Estrella 
and P. Puigdomenech. *13 Workshop on Approaches to Plant 

Hormone Action 
*5 Workshop on Structure of the Major Organizers: J. Carbonell and R. L. Jones. 

Histocompatibility Complex. 
Organizers: A. Arnaiz-Villena and P. *14 Workshop on Frontiers of Alzheimer 
Parham. Di sea se. 

*6 Workshop on Behavioural Mech-
Organizers: B. Frangione and J. Ávila. 

anisms in Evolutionary Perspectiva. 
*15 Workshop on Signal Transduction by 

Organizers: P. Bateson and M. Gomendio. 
Growth Factor Receptors with Tyro-

*7 Workshop on Transcription lnitiation sine Kinase Activity. 

in Prokaryotes Organizers: J. M. Mato andA. Ullrich. 

Organizers: M. Salas and L. B. Rothman-
Den es. 16 Workshop on lntra- and Extra-Cellular 

·a Workshop on the Diversity of the 
Signalling in Hematopoiesis. 
Organizers: E. -Donnall Thomas and A. 

lmmunoglobulin Superfamily. Grañena. 
Organizers: A. N. Barclay and J. Vives. 

9 Workshop on Control of Gene Ex- *17 Workshop on Cell Recognition During 

pression in Yeast. Neuronal Development. 

Organizers : C. Gancedo and J. M. Organizers : C. S. Goodman and F. 

Gancedo. Jiménez. 
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18 Workshop on Molecular Mechanisms 
of Macrophage Activation. 
Organizers: C. Nathan and A. Celada. 

*19 Workshop on Viral Evasion of Host 
Defense Mechanisms. 
Organizers: M . B. Mathews and M. 
Esteban. 

*20 Workshop on Genomic Fingerprinting. 
Organizers: M. McCielland and X. Estivill. 

21 Workshop on DNA-Drug lnteractions. 
Organizers: K. R. Fox and J. Portugal. 

*22 Workshop on Molecular Bases of Ion 
Channel Function. 
Organizers: R. W. Aldrich and J . López­
Barneo. 

*23 Workshop on Molecular Biology and 
Ecology of Gene Transfer and Propa­
gation Promoted by Plasmids. 
Organizers : C. M. Thomas, E. M. H. 
Willington , M. Espinosa and R. Díaz 
Orejas. 

*24 Workshop on Deterioration, Stability 
and Regeneration of the Brain During 
Normal Aging. 
Organizers: P. D. Coleman, F. Mora and 
M. Nieto-Sampedro. 

25 Workshop on Genetic Recombination 
and Detective lnterfering Particles in 
ANA Viruses. 
Organizers: J . J. Bujarski, S. Schlesinger 
and J . Romero. 

26 Workshop on Cellular lnteractions in 
the Early Development of the Nervous 
System of Drosophila. 
Organizers: J. Modolell and P. Simpson. 

*27 Workshop on Ras, Differentiation and 
Development. 
Organizers: J. Downward, E. Santos and 
D. Martín-Zanca. 

*28 Workshop on Human and Experi­
mental Skin Carcinogenesis. 
Organizers: A. J . P. Klein-Szanto and M. 
Quintanilla. 

*29 Workshop on the Biochemistry and 
Regulation of Programmed Cell Death. 
Organizers: J. A. Cidlowski, R. H. Horvitz, 
A. López-Rivas and C. Martínez-A. 

*30 Workshop on Resistance to Viral 
lnfection. 
Organizers: L. Enjuanes and M. M. C. 
Lai. 

31 Workshop on Roles of Growth an.d 
Cell Survival Factors in Vertebrate 
Development. 
Organizers: M. C. Raff and F. de Pablo. 

32 Workshop on Chromatin Structure 
and Gene Expression. 
Organizers: F. Azorín, M. Beato andA. P. 
Wolffe. 

*33 Workshop on Molecular Mechanisms 
of Synaptic Function. 
Organizers: J. Lerma and P. H. Seeburg. 

*34 Workshop on Computational Approa­
ches in the Analysis and Engineering 
of Proteins. 
Organizers: F. S. Avilés, M. Billeter and 
E. Querol. 

35 Workshop on Signa! Transduction 
Pathways Essential for Yeast Morpho­
genesis and Celllntegrity. 
Organizers: M. Snyder and C. Nombela. 

36 Workshop on Flower Development. 
Organizers: E. Caen, Zs. Schwarz­
Sommer and J. P. Beltrán. 

*37 Workshop on Cellular and Molecular 
Mechanism in Behaviour. 
Organizers: M. Heisenb erg and A . 
Ferrús. 

38 Workshop on lmmunodeficiencies of 
Genetic Origin. 
Organizers: A. Fischer and A. Arnaiz­
Villena. 

39 Workshop on Molecular Basis for 
Biodegradation of Pollutants. 
Organizers : K. N. Timmis and J. L. 
Ramos. 

*40 Workshop on Nuclear Oncogenes and 
Transcription Factors in Hemato­
poietic Cells. 
Organizers: J. León and R. Eisenman. 
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*41 Workshop on Three-Dimensional 
Structure of Biological Macromole­
cules. 
Organizers: T. L Blundell , M. Martínez­
Ripoll , M. Rico and J. M. Mato. 

42 Workshop on Structure, Function and 
Controls in Microbial Division. 
Organizers: M. Vicente, L. Rothfield and J . 
A. Ayala. 

*43 Workshop on Molecular Biology and 
Pathophysiology of Nitric Oxide. 
Organizers: S. Lamas and T. Michel. 

*44 Workshop on Selective Gene Activa­
tion by Cell Type Specific Transcription 
Factors. 
Organizers : M. Karin, R. Di Lauro, P. 
Santisteban and J. L. Castrillo. 

45 Workshop on NK Cell Receptors and 
Recognition of the Major Histo­
compatibility Complex Antigens. 
Organizers: J. Strominger, L. Moretta and 
M. López-Botet. 

46 Workshop on Molecular Mechanisms 
lnvolved in Epithelial Cell Differentiation. 
Organizers: H. Beug, A. Zweibaum and F. 
X. Real. 

47 Workshop on Switching Transcription 
in Development. 
Organizers: B. Lewin, M. Beato and J. 
Modolell. 

48 Workshop on G-Proteins: Structural 
Features and Their lnvolvement in the 
Regulation of Cell Growth. 
Organizers: B. F. C. Clark and J. C. Lacal. 

*49 Workshop on Transcriptional Regula­
tion at a Distance. 
Organizers: W. Schaffner, V. de Lorenzo 
and J. Pérez-Martín. 

50 Workshop on From Transcript to 
Protein: mANA Processing, Transport 
and Translation. 
Organizers: l. W. Mattaj, J. Ortín and J. 
Valcárcel. 

51 Workshop on Mechanisms of Ex­
pression and Function of MHC Class 11 
Molecules. 
Organizers: B. Mach and A. Celada. 

52 Workshop on Enzymology of DNA­
Strand Transfer Mechanisms. 
Organizers: E. Lanka and F. de la Cruz. 

53 Workshop on Vascular Endothelium 
and Regulation of Leukocyte Traffic. 
Organizers: T. A. Springer and M. O. de 
Landázuri . 

54 Workshop on .Cytokines in lnfectious 
Diseases. 
Organizers: A. Sher, M. Fresno and L. 
Rivas. 

55 Workshop on Molecular Biology of 
Skin and Skin Diseases. 
Organizers: D. R. Roop and J. L. Jorcano. 

56 Workshop on Programmed Cell Death 
in the Developing Nervous System. 
Organizers: R. W. Oppenheim, E. M. 
Johnson and J. X. Comalia. 

57 Workshop on NF-KBIIKB Proteins. Their 
Role in Cell Growth, Differentiation and 
Development. 
Organizers: R. Bravo and P. S. Lazo. 

58 Workshop on Chromosome Behaviour: 
The Structure and Function of Tela­
meres and Centromeres. 
Organizers: B. J. Trask, C. Tyler-Smith, F. 
Azorín and A. Villasante. 

59 Workshop on ANA Viral Quasispecies. 
Organizers: S. Wain-Hobson, E. Domingo 
and C. López Galíndez. 

60 Workshop on Abscisic Acid Signal 
Transduction in Plants. 
Organizers : R. S. Quatrano and M. 
Pagés. 

61 Workshop on Oxygen Regulation of 
Ion Channels and Gene Expression. 
Organizers: E. K. Weir and J . López­
Barneo. 

62 1996 Annual Report 

63 Workshop on TGF-~ Signalling in 
Development and Cell Cycle Control. 
Organizers: J. Massagué and C. Bernabéu. 

64 Workshop on Novel Biocatalysts. 
Organizers: S. J. Benkovic and A. Ba­
llesteros. 
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65 Workshop on Signal Transduction in 
Neuronal Development and Recogni­
tion. 
Organizers: M. Barbacid and D. Pulido. 

66 Workshop on 100th Meeting: Biology at 
the Edge of the Next Century .. 
Organizar : Cent re for lnternational 
Meetings on Biology, Madrid. 

67 Workshop on Membrane Fusion. 
Organizers: V. Malhotra andA. Velasco. 

68 Workshop on DNA Repair and Genome 
lnstability. 
Organizers : T. Lindahl and C. Pueyo. 

69 Advanced course on Biochemistry and 
Molecular Biology of Non-Conventional 
Yeasts. 
Organizers: C. Gancedo, J. M. Siverio and 
J. M. Cregg. 

70 Workshop on Principies of Neural 
lntegration. 
Organizers: C. D. Gilbert, G. Gasic and C. 
Acuña. 

71 Workshop on Programmed Gene 
Rearrangement: Site-Spec ific Recom­
bination. 
Organizers : J. C. Alonso and N. D. F. 
Grindley. 

72 Workshop on Plant Morphogenesis. 
Organizers: M. Van Montagu and J . L. 
Mi col. 

73 Workshop on Development and Evo­
lution. 
Organizers: G. Morata and W. J. Gehring. 

•74 Workshop on Plant Viroids and Viroid­
Like Satell i te RNAs from Plants , 
Animals and Fungi. 
Organizers: R. Flores and H. L. Sanger. 

75 1997 Annual Report. 

76 Workshop on lnitiation of Replication 
in Prokaryotic Extrachromosomal 
Elements. 
Organizers: M. Espinosa, R. Díaz-Orejas, 
D. K. Chattoraj and E. G. H. Wagner. 

77 Workshop on Mechanisms lnvolved in 
Visual Perception. 
Organizers: J . Cudeiro andA. M. Sillita. 

78 Workshop on Notch/Lin-12 Signalling. 
Organizers: A. Martínez Arias, J. Mo_dolell 
and S. Campuzano. 

79 Workshop on Membrane Protein 
lnsertion, Folding and Dynamics. 
Organizers: J. L. R. Arrondo, F. M. Goñi , 
B. De Kruijff and B. A. Wallace. 

80 Workshop on Plasmodesmata and 
Transport · of Plant Viruses and Plant 
Macromolecules. 
Organizers : F . García-Arenal, K . J . 
Oparka and P.Palukaitis. 

81 Workshop on Cellular Regulatory 
Mechanisms: Choices, Time and Space. 
Organizers: P. Nurse and S. Moreno. 

82 Workshop on Wiring the Brain: Mecha­
nisms that Control the Generation of 
Neural Specificity. 
Organizers : C. S. Goodman and R. 
Gallego. 

83 Workshop on Bacteria! Transcription 
Factors lnvolved in Global Regulation. 
Organizers: A. lshihama, R. Kolter and M. 
Vicente ~ 

84 Workshop on Nitric Oxide: From Disco­
very to the Clinic. 
Organizers: S. Moneada and S. Lamas. 

85 Workshop on Chromatin and DNA 
Modification: Plant Gene Expression 
and Silencing. 
Organizers: T. C. Hall, A. P. Wolffe, R. J . 
Ferl and M. A. Vega-Palas. 

86 Workshop on Transcription Factors in 
Lymphocyte Development and Function. 
Organizers: J . M. Redondo, P. Matthias 
and S. Pettersson. 

87 Workshop on Novel Approaches to 
Study Plant Growth Factors. 
Organizers: J . Schell and A. F. Tiburcio. 

88 Workshop on Structure and Mecha­
nisms of Ion Channels. 
Organizers: J. Lerma, N. Unwin and R. 
MacKinnon. 

89 Workshop on Protein Folding. 
Organizers: A. R. Fersht, M.· Rico and L. 
Serrano. 
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91 Workshop on Eukaryotic Antibiotic 
Peptides. 
Organizers: J . A. Hoffmann, F. García­
Oimedo and L. Rivas. 

92 Workshop on Regulation of Protein 
Synthesis in Eukaryotes. 
Organizers: M. W. Hentze, N. Sonenberg 
and C. de Haro. 

93 Workshop on Cell Cycle Regulation 
and Cytoskeleton in· Plants. 
Organizers: N.-H. Chua and C. Gutiérrez. 

94 Workshop on Mechanisms of Homo­
logous Recombination and Genetic 
Rearrangements. 
Organizers: J . C. Alonso, J . Casadesús, 
S. Kowalczykowski and S. C. West. 

95 Workshop on Neutrophil Development 
and Function. 
Organizers: F. Mollinedo and l. A. Boxer. 

96 Workshop on Molecular Clocks. 
Organizers: P. Sassone-Corsi and J . R. 
Naranjo. 

97 Workshop on Molecular Nature of the 
Gastrula Organizing Center: 75 years 
after Spemann and Mangold. 
Organizers: E. M. De Robertis and J . 
Aréchaga. 

98 Workshop on Telomeres and Telome­
rase: Cancer, Aging and Genetic 
lnstability. 
Organizer: M. A. Blasco. 

99 Workshop on Specificity in Ras and 
Rho-Mediated Signalling Events. 
Organizers: J . l. Bos, J. C. Lacal and A. 
Hall. 

100 Workshop on the Interface Between 
Transcription and DNA Repair, Recom­
bination and Chromatin Remodelling. 
Organizers: A. Aguilera and J . H. J . Hoeij­
makers. 

101 Workshop on Dynamics of the Plant 
Extracellular Matrix. 
Organizers: K. Roberts and P. Vera. 

102 Workshop on Helicases as Molecular 
Motors in Nucleic Acid Strand Separa­
tion. 
Organizers: E. Lanka and J. M. Carazo. 

103 Workshop on the Neural Mechanisms 
of Addiction. 
Organizers: R. C. Malenka, E. J . Nestler 
and F. Rodríguez de Fonseca. 
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105 Workshop on the Molecules of Pain: 
Molecular Approaches to Pain Research. 
Organizers: F. Cervero and S. P. Hunt. 

106 Workshop on Control of Signalling by 
Protein Phosphorylation. 
Organizers: J . Schlessinger, G. Thomas, 
F. de Pablo and J . Moscat. 

107 Workshop on Biochemistry and Mole­
cular Biology of Gibberellins. 
Organizers: P. Hedden and J. l. García­
Martínez. 

108 Workshop on lntegration of Transcrip­
tional Regulation and Chromatin 
Structure. 
Organizers: J . T. Kadonaga, J . Ausió and 
E. Palacián. 

109 Workshop on Tumor Suppressor Net­
works. 
Organizers: J. Massagué and M. Serrano. 

11 O Workshop on Regulated Exocytosis 
and the Vesicle Cycle. 
Organizers: R. D. Burgoyne and G. Álva­
rez de Toledo. 

111 Workshop on Dendrites. 
Organizers: R. Yuste and S. A. Siegel­
baum. 

112 Workshop on the Myc Network: Regu­
lation of Cell Proliferation, Differen­
tiation and Death. 
Organizers: R. N. Eisenman and J . León. 

113 Workshop on Regulation of Messenger 
ANA Processing. 
Organizers: W. Keller, J. Ortín and J . 
Valcárcel. 

114 Workshop on Genetic Factors that 
Control Cell Birth, Cell Allocation and 
Migration in the Developing Forebrain. 
Organizers: P. Rakic, E. Soriano and A. 
Álvarez-Buylla. 
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115 Workshop on Chaperonins: Structure 
and Function. 
Organizers: W. Baumeister, J . L. Garras­
cosa and J . M. Valpuesta. 

116 Workshop on Mechanisms of Cellular 
Vesicle and Viral Membrane Fusion. 
Organizers: J. J. Skehel and J. A. Melero. 

117 Workshop on Molecular Approaches 
to Tuberculosis. 
Organizers: B. Gicquel and C. Martín. 
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119 Workshop on Pumps, Channels and 
Transporters: Structure and Function. 
Organizers: D. R. Madden, W. Kühlbrandt 
and R. Serrano. 

120 Workshop on Common Molecules in 
Development and Carcinogenesis. 
Organizers: M. Takeichi and M. A. Nieto. 

121 Workshop on Structural Genomics 
and Bioinformatics. 
Organizers: B. Honig, B. Rost and A. 
Valencia. 

122 Workshop on Mechanisms of DNA­
Bound Proteins in Prokaryotes. 
Organizers: R. Schleif, M. Coll and G. del 
Solar. 

123 Workshop on Regulation of Protein 
Function by Nitric Oxide. 
Organizers: J. S. Stamler, J . M. Mato and 
S. Lamas. 

124 Workshop on the Regulation of 
Chromatin Function. 
Organizers: F. Azorín , V. G. Corees, T. 
Kouzarides and C. L. Peterson. 

125 Workshop on Left-Right Asymmetry. 
Organizers: C. J . Tabin and J. C. lzpisúa 
Belmonte. 

126 Workshop on Neural Prepatterning 
and Specification. 
Organizers: K. G. Storey and J . Modolell. 

127 Workshop on Signalling at the Growth 
Cone. 
Organizers: E. R. Macagno, P. Bovolenta 
and A. Ferrús. 

Out of Stock. 

128 Workshop on Molecular Basis of lonic 
Homeostasis and Salt Tolerance in 
Plants. 
Organizers: E. Blumwald and A. Rodríguez­
Navarro. 

129 Workshop on Cross Talk Between Cell 
Division Cycle and Development in 
Plants. 
Organizers: V. Sundaresan and C. Gutié­
rrez . 

130 Workshop on Molecular Basis of Hu­
man Congenital Lymphocyte Disorders. 
Organizers: H. D. Ochs and J. R. Re­
gueiro. 

131 Workshop on Genomic vs Non-Genomic 
Steroid Actions: Encountered or Unified 
Views. 
Organizers: M. G. Parker and M. A. Val­
verde. 
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The Centre for International Meetings on Biology 
was created within the 

Instituto Juan March de Estudios e Investigaciones, 
a private foundation specialized in scientific activities 

which complements the cultural work 
of the Fundación Juan March. 

The Centre endeavours to actively and 
sistematically promote cooperation among Spanish 

and foreign scientists working in the field of Biology, 
through the organization of Workshops, Lecture 

Courses, Seminars and Symposia. 

From 1989 through 2001, 
a total of 162 meetings, 

all dealing with a wide range of 
subjects of biological interest, 

were organized within the 
scope of the Centre. 
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The lectures summarized in this publication 
were presented by their authors at a workshop 
held on the 281h through the 30'11 of January, 2002, 
at the Instituto Juan March. 

All published articles are exact 
reproduction of author's text. 

There is a limited edition of 450 copies 
of this volume, available free of charge. 


