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PROGRAMME 

SIGNAL TRANSDUCTION PATHWAYS ESSENTIAL FOR YEAST 
MORPHOGENESIS AND CELL INTEGRITY 

MONDA Y, November 28th, 1994 

G. Ammerer 

K. J. Blumer 

B. Errede 

M. Snyder 

I: Mating Signalling Patbways 
Cbairperson: M. snyder 

- Fus3 dependent protein phosphorylation and the 
pheromone response. 

- Control of adaptation to mating pheromone by G 
protein ~ subunits. 

- Coordination and fidelity of signal 
transmission in separate MAPK activation 
pathways. 

- Pathways involved in yeast cell polarity. 

Short presentation: 

D.A. Hughes - The role of Ras in the mating process in fission 
yeast. 

Poster discussion. 

D.E. Levin 

G. Paravicini 

c. Nombela 

J. Ariño 

M.C.Gustin 

II: Signalling Patbways and tbe control 
of Cell Integrity 

Cbairperson: R. Sentandreu 

- Dissecting the protein kinase C / MAP kinase 
pathway of S. Cerevísíae. 

- Yeast Pkclp: The protein and its physical 
interactions. 

- Characterization of MAP kinases involvement 
in cell integrity of yeast species. 

- Role of protein phosphatases Z in the 
rnaintenance of cell integrity. 

- Osmotic stress responses and signalling 
pathways. 
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Short presentations: 

K. 1rie 

S. Hohmann 

- Yeast signa! transduction pathways regulating 
MAP kinase activation 

HOGl dependent and independent processes in 
yeast osmoadaptation. 

TUESDA Y, November 29th 1994 

J.R. Pringle 

l. Herskowitz 

S. Brown 

D. Drubin 

F. Verde 

111. Budding and Morphogenic 
Chairperson: G.R. Fink 

- Bud-site selection in Saccharomyces 
cerevisiae. 

Pathways 

- Genetic control of c ell polarity in 
vegetative and mating cells of budding yeast 
and the fungus Ustilago maydis. 

- Motor proteins and morphogenesis in budding 
yeast. 

- A permeabilized cell assay for the regulation 
of polarized actin assembly in budding yeast. 

- Control of cell polarity in fission yeast. 

Short presentation: 

L. Popolo 

Poster discussion 

R.G. Fink 

c. Mann 

S.G. Oliver 

L.I. Stateva 

- A GGPl/GASl hornolog required for polarized 
growth in Candida albicans is functional in 
Saccharomyces cerevisiae. 

IV. More Morphogenesis and Signalling 
Chairperson: I. Herskowitz 

- Dirnorphisrn in yeast: A model for fungal 
developrnent. 

- Gl cyclins are stabilized in grrl mutants and 
during pseudohyphal growth of Saccharomyces 
cerevisiae . 

- Involvement of the RasjcAMP signa! 
transduction pathway in the maintenance of 
cellular integrity in yeast. 

- Short talk (on the same previous subject) . 
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M. Sánchez-Pérez - Three Saccharomyces cerevísíae mutants 
showing autolytic phenotype and 
morphological defects. 

Short presentation: 

J.M. Pardo - The Ca2+¡calmodulin- dependent protein 
phosphatase calcineurin acts in a signaling 
pathway required for ion homeostasis. 

WEDNFSDA Y, November 30th, 1994 

R. Sentandreu 

H. Bussey 

A. Durán 

V. Cell Wall Biosynthesis and Dynamics 
Chairperson: J.R. Pringle 

- Morphogenesis of the fungal cell walls: The 
pivotal role of cell wall proteins. 

Regulation of cell wall ~ 1, 6-glucan in 
Saccharomyces cerevísíae. 

- Biosynthesis of chitin and its regulation in 
S. cerevísíae . CAL3, a gene in vol ved in chi tin 
synthesis, is also required for mating. 

Short presentations: 

F.M. Klis 

T. Immervoll 

- Cell cycle-dependent regulation of ~-(1- > 3)

glucan synthesis in Saccharomyces cerevísíae. 

- 0-glycosylation in Saccharomyces cerevísíae. 

General discussion: 
- Nomenclature. 
- Identifying and cloning genes: problems. 

Poster discussion. 
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SIGNAL TRANSDUCTION PATHWAYS ESSENTIAL FOR YEAST 
MORPHOGENESIS ANO CELL INTEGRllY 

Madrid (Spaln). 28-30 November, 1994. 

The mechanlsm by whlch cells form particular shapes and 
dlvtston patterns, and the manner by whlch they control thelr 
response to extracellular condltlons are lssues of fundamental 
lmportance to living organlsms. Cells form speclallzed shapes to 
carry out speclflc cellular processes, and cortical lntracellular and 
extracellular components are essentlal for (1) for.mlng and malntalnlng 
cell shape (11) malntalnlng cell lntegrlty under a varlety of dlfferent 
envlronmental stress condltlons and (111) senslng and transmlttlng 
extracellular stgnals. 

Yeast cells undergo speclallzed morphogenlc processes whlch 
depend upon the extracellular condltlons. In the presence of ample 
nutrients, they grow vegetatlvely by buddlng. Durlng nutrlent 
llmltlng condltlons they undergo pseudohyphal growth, and In the 
presence of pheromone, they form shmoos. The control of 
morphogenesls and cell lntegrlty durlng growth of yeast cells ls 
medlated by a complex set of functlons suc.h as the synthesls of 
components of the externa! cell envelope, the vectorial process of 
polarized growth, and the regulatlon of the mltotlc cell cycle. 

The synthesls of an elaborate cell wall ls lmportant not only for 
approprlate morphogenlc processes, but also for matntalnlng osmotlc 
stablllty when cells are exposed to slgnificant changes In the osmotlc 
strength of the outslde medlum. 

Thls workshop has been devoted to the analysls of slgnaling 
pathways tmportant for the regulatlon of for cell morphogenesls and 
cell wall lntegrlty. In the last few years considerable progress has 
been made toward the elucldatlon of baslc mechanlsms lmportant for 
these processes. Of particular lmportance has been the unravellng of 
proteln phosphorylatton and GTPase pathways whlch partlclpate In 
morphogenests and c.ell lntegrlty malntenance. The components of 
three dlfferent MAP klnase pathways have been elucldated: one that 
ls controlled by protetn ktnase C functlons the malntenance of cell 
lntegrlty, another functlons In the regulatlon of the response to 
osmotlc stress condltlons, and the thlrd functlons In both . 
pseudohyphal formatlon and stgnal transductlon durlng matlng. 
Different GTP blndlng protelns that functlon In the matlng slgnal 
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transduction pathway and In bud slte selectlon and bud formatlon 
have been ldentlfled. 

The purpose of thls workshop was to brlng together researchers 
involved In dlfferent aspects of cell slgnallng mechanlsms lmportant 
for cell morphogenesls and cell lntegrlty. Slgnal transduc.tlon 
cascades whlch are important for vegetatlve growth, pseudohyphal 
growth, osmoregulatlon and matlng were dlscussed, and factors 
whlch affect slgnallng mechanlsms, adaptation, and the control of c.ell 
dlvlslon was reported. Flnally, how different signallng pathways 
partic.ipate In steps polarlzed c.ell growth and cell wall synthesls was 
presented. Recent contributlons toward our understandlng In these 
areas are presented In the followlng abstracts. 

Michael Snyder 
César Nombela 
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F•u3 dependent p1'oteln phosphorylatlon wnd the 
ph~romone response 
Gustav · Ammerer Dcpartment of Oioche.mistry and Mvl<:cular Cell 
Biology, University of Vicnna, Austria 

Two proteins hav~ been identlficd that medlatc a haploid cells ipe.ctflc 
responses to pheromone; l) Stel2, the IMjor DNA bínding (actor responslble 
for the transcrlptlon of conjug11tion specitic gene&. ~) F:lrl, a protein lnvolved 
in the negntlve rcg\llation of G 1 cyclins nnd thus responsible for pheromone 
dependent coll cycle arrest. Since lt is generally assumed that thestl two 
protelns e.re In vivo substrates of tlle MAP kinase rus3 we trir.d to define how 
protein phosphorylatlon .migbt ef!ect theír . runction. 

Uslng tn vivo footprinting methods we íound that a functional FU S j or K S S 1 · · 
gene is necessnry to detect Ste12 bound nt the pheromone inducible FU S 1 
promoter. In cells lacklng botb of thcse MAP k.inases the promotor ls not 
occupled even lf Stell protein is prcsent at normal levcls and can be f~1und in 
th~ nuoleus. However, in fusJ lcul double mutants, S te 12 appears to be 
phosphorylated oniy to a minor e:-<tent. This is in contrast to normal but still 
unlnduced wildtype ~;e lb where S te 1 :Z is highly phosphory lated. Although 
under these conditions most of the S te 12 binding sites appear ro be occupied, 
the promoter is barely active oompured to fully induced conditions. 
Surprlslngly, pheromone induction will ocly !end to a small lncrense in total 
Stc12 phosphorylation. Wo thus con~ludo that Fus3 primar!ly regulate~ DNA 
binding of Stel2. However, a second phosphorylalioo ovent. requlrlng a high 
concentratlon of active klnase mi¡ht still be necessary ror the full inductiun 
of the tra.nscriptional response. Si neto S te 12 phosphorylation do es not incre11Se 
correspondingly with the nctlvlt~ of the kinase we cannot exclude yet that 
transcription factors other th11n · Ste12 are important targcts for Fu~3. 

Reportedly, Pu~3 dependent phosphorylation of Par! correl:ue.s very well with 
Parl 's ability to cnuso 01-arrest. Nevertheless, it has remained unclear 
whether this phosphorylation of Farl is functionally relevant. We trled to 
preve the polnt by identlfying and mutating potential phosphorylation sites 
in Par!. Substitution mutation~ were obtained ar mos~ of thc SP motlh Jocated 
within the domain~ ~hown to be important fM ctll .:yi!le arre~t. Although som~ 

of the substitutions dearly affected the FusJ dependent phosphorylation 
pnttern non e of them abolished the O 1 arrest function of Far l. Similar results 
were obtained with FA R J ~.:onstructs ~xpressif\g multlple ~ubstitutions, 

although in r.ll cases some Fus~ dependen! and pheromone inducible 
phosphorylatlon t ~ ould still be observed. We co.nclude that eithe~ Fus3 
recognl~e$ scqucnces other than normal MAP k111a~~~ con~cemus sttes or 
another (but still Pus3 depli\ndent) protein l.:innse mediRtl!s pheromon~ induce.cl 
phosphorylation of Farl. Furthermore, ir. rrmains u11clear how ~i~nific¡¡n•. 

Farl phosphoryhHion ls ror (i l specific cel\ c¡cle arre~t. 
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Control of Adaptation to Mating Pheromone by G Protein ~ Subunits. (A. V. Grishin and K.J.. 
BJ.u.mer. Department of Cell Biology and Physiology, Washington University School of Medicine, 
S t. Louis, MO 6311 O) 

Yeast cells use severa! mechanisms to recover from mating pheromone-induced G1 
arres!, including pheromone degradation, receptor desensitization and endocytosis, and SST2-
mediated desensitization. Recovery (desensitization or adaptation) is also controlled by G protein 
~ subunits (STE4 gene product) involved in pheromone response, because cells expressing G~ 
subunits that are not phosphorylated display a moderate supersensitive phenotype and recover 
more slowly from pheromone-induced G1 arrest. 

To determine how G~ subunits promete adaptation, we examinad the phenotypes of witd 
type cells overexpressing mutan! G~ subunits (encoded by STE4Sd alleles) that are specifically 
detective for their ability to actívate the mating pheromone response pathway. These cells 
respond to pheromone with nearly normal efficiency, as judged by quantitative mating, 
transcriptional, and cell cycle arrest assays. However, alter cells arrest in G1, they rapidly 
recover from pheromone action and resume proliferation. Genetic tests indicate that this 
hyperadaptive phenotype does not involve pheromone proteolysis, receptor desensitization, or 
SST2 function. However, hyperadaptation does require the phosphorylation domain of the 
mutan! G~ subunits. Accordingly, G~ subunits may transduce two distinct signals, one that 
causes pheromone response. and another that prometes adaptation. 

To identify components of a putativa G~-mediated adaptation pathway, we isolated 
mutants that fail to hyperadapt when they overexpress STE4Sd alleles. Two genes were 
identified: MCM1, which encodes the yeast serum response factor homolog that is involved in 
severa! processes including in cell type determination, and BSA 1, which encodes a previously 
unidentified Zn-finger protein. 

Currently, we are searching for genes that function in concert with Mcm1 p and Bsa 1 p in 
an adaptation signaling pathway triggered by G~ subunits. One candidata is CLN3, which 
contains high aflinity Mcm1 p binding sites in its prometer. Consisten! with this possibility, cln3 
mutants do not hyperadapt when they overexpress STE4Sd alleles. We ha ve also testad whether 
severa! other genes that may affect G1 progression are required for G~·mediated 
hyperadaptation. Whereas cln1, cln2, hcs26or ortO mutations did not preven! hyperadaptation, a 
pho85 mutation di d. We speculate that G~ subunits may transmit an adaptive signa! that induces 
the activity or expression Cdc28-Cin3 and/or Pho85-cyclin complexas. 
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Coordination and Fidelity of Signal Transmission in Separate MAPK 
Activation Pathways 

B. Errede1
, B. Yasharl, K. Irie2

, K, Matswnoto2
, R. Cade1, Y. Komada3, and D.E. 

Levin3 

1
Un~versity ofNorth Carolina, Chapel Hill NC USA, 2Nagoya University, Nagoya, 
~TAPAN, 3Johns Hopkins University, Baltimore MD USA. 

We presently know of four separate but structurally related nútogen 
activated protein kinase (MAPK) activation pathways that mediate distinct 
cellular responses in S. cereuisiae [see (1) and (2) for review and references 
therein]. Two of these are the focus of our work. One pathway controla the 
response to mating pheromones. Pheromone-receptor binding informa cells ofthe 
proximity of a mating partner and induces differentiation to a mating competent 
state. Signal transmission is mediated by a G-protein that, by an as yet unknown 
mechanism, stimulates e. phosphorylation cascade which is conserved from yeast 
to mammals. Stell (Ste=Sterile), a MEK-kinase (MEKK), phosphorylates and 
aeivates Ste7, a MAPK/ERK-kinase (MEK). Ste7 in turn phosphorylates and 
activa tes the redundant MAPK related Fus3 and Kssl enzymes. The other is the 
polr...rized growth response pathway that has an essential role in remodeling the 
cell 'A'all at regions ofpolarized growth during cell proliferation. Consequently, loss 
of function in this pathway resulta in celllysis due to the deficiency in cell wall 
construction. In this pathway, the yeast protein kinase C isozyme, Pkcl, 
stimulates the phosphorylation cascade which consists ofBckl (related to MEKK), 
the redundant Mkkl and Mkk2 enzymes (related to MEK) and Mpkl (related to 
MAPK). 

We exploited these two MAPK activation pathways to examine parameters 
important for fidelity of signal transmission within a given phosphorylation 
cascade. We selected for STE7 and MKKl mutations that stimulated their 
corresponding pathway in the absence of inductive signa!. Serine to proline 
substitutions at analogous positions (Ste7-p368 and Mkkl-p388

) were recovered, 
suggesting that this substitution in other MEKs would exhibit similar properties. 
The Ste7-P368 variant has higher basal enzymatic activity than Ste7 but still 
requires induction to reach full activation. Additionally, Ste7-P'68 is mor~ 
permissive in its interactions with MEK-kinases because it gained the ability to 
transmit the signal from an activated mammalian Raf expressed in yeast. 
However, Ste7-P'68 cross function in the growth response pathway occurs only 
when it is highly overproduced or when Ste5p is missing. This behavior is 
consistent with recent evidence suggesting that Ste5p is a scaffold for assembly 
of the mat.ing pathway kinases (3). Our results further suggest that one role for 
such an assembly is to maintain pathway specificity. 

Because polarized growth is also important for projection formation during 
mating differentiation, we reasoned that activities of the mating and polarized 
growth response pathways might be coordinated as a part of the mating process. 
To test this hypothesis we asked ifthe polarized growth pathway is important for 
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efficient mating. As predicted, mpkl mutant mating mixtures had reduced mating 
efficiencies compared with wild-type mating mixtures. Pheromone treatment al so 
caused celllysis in the mpkl mutant strain at the time when mating projections 
were being elaborated. It is noteworthy that the impairments associated with the 
mpkl mutation were observed at the permissive temperatura of the strain under 
proliferative conditions. Finally, we found that pheromone induction causes an 8-
fold increase in the activity of Mpklp. This maximal increase in activity occurs 
just prior to the time at which projection formation begins. We are now poised to 
learn how this cross pathway stimulation occurs. 
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PATHWAYS INVOLVED IN YEAST CELL POLARITY 

Dept. of Biology - Yale University 
Kline Biology Tower - P.O. Box 666 

New Haven, CT. 06511-8112 (USA) 

Michael Snyder, Laura Vallier, Jeff Segall, Ellen Flescher, Kevin Madden, Christine 
Costigan, and Yi-Jun Sheu 

Yeast cells undergo polarized growth during both vegeta ti ve growth and mating. 
We have been studying the mechanisms by which yeast cells select sites ofpolarized 
growth and execute growth at tbose sites. The Spa2 protein localizes to sites of cell growth 
and participates in both bud site selection and projection forma.tion during mating. To 
attempt to identify other genes which may be important for polarized growth in yeast , 
genetic screens have been used to identify genes which interact with spa2. Five mutants 
which are synthetically lethal with spa2 have been identified; these mutations define four 
complementation groups, bem2, slkl!bckl, swi4, and cdclO. We have also identified 
twelve different genes, which when present in high copy number, suppress the lethality of 
the spa2 e del O cells. Based on DNA sequence results, these suppressors are likely to 
correspond to four types of genes: transcription factors, membrane proteins, polarity genes 
and cell cycle control genes. · 

Through our analysis of the cell cycle distribution of Spa2p and the phenotypes of 
spa2 and cdc!O, wc. ha ve suggested. models for bud si te selection in yeast. In haploid cells, 
cortical components left from the previous si te of cytok.inesis may serve to nucleate 
assembly atan adjacent site on the cortex. Cdc3p, CdclOp, Cdcllp, and Cdcl2p, which 
have been studied extensively by the Pringle laboratory and may be components of the neck 
filaments, were found to be imponant for bud si te selection and may be part of the "tag" 
that marks the si te of new cell growth. 

We have also been analyzing the mechanisms by which mating yeast cells grow 
toward their mating partner. When a pipet containing a factor is positioned near a group of 
wild-type MATa cells, the cells arrest division and fonn projections toward the pheromone 
source (Segall, PNAS, 1993). We have used this assay to analyze a variety of known 
mutants for defects in the orientation ~rocess. One of the mutants which has been studied 
extensively is ste2-T326. which conta.ms a deletion of most of the sequences in the 
<.:ytoplusmlc tnll clomnln of tho STE2 o.-facror receptor gene. stc2·T326 cell~ exhibit a 
delay in projection formation relative to the wild-type cells. Funhermore, although ste2· 
T326 cells exhibit sorne orientation toward the pheromone source, these mutants misorient 
(i.e. grow away form the pheromone source) ata very high frequency. Prelimina.ry results 
using a mutant strain wíth complete deletion of the carboxy terminal domain of Ste2p 
results in complete loss of orientation. These results indica te that the carboxy terminal tail 
is important for the directing the site of polarized growth during mating. We suggest that 
either signals from the receptor and/or the receptor tail itself clirectly interacts with 
regulators of the actin cytoskeleton to direct growth towa.rd the "activated" site. In 
sununary, these different data from budding and mating cells are consistent with the view 
indicate that cortical tags and signals are important for direcring polarized growth in yeast. 
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THE ROLE OF RAS IN THE MA TING PROCESS IN FISSION YEAST 

David Hughes 
CRC Centre for Cell & Molecular Biology, Chester Beatty Laboratories, Institute of 
Cancer Research, London SW3 6JB. 

When cells of the fission yeast are starved they lea ve the mitotic cycle and begin the 
process of mating. During mating the cells communicate by exchange of mating 
pheromones that bind to cell surface receptors coupled to a heterotrimeric G protein. 
Activation of the G protein is thought to stimulate a 'MAP kinase'-like protein kinase 
cascade consisting of Byr2 kinase (a MAPKKKIMEKK homologue), Byr1 kinase (a 
MAPKKIMEK homologue) and Spk1 kinase (a MAPK homologue). The fission yeast 
Ras1 protein, a homologue ofmammalian p21ras, is required for the pheromone 
response and studies from Michael Wigler's laboratory suggest that Ras 1 interacts with 
Byr2. 

We have isolated 'activating' mutants ofthe MAPKK/ MEK homologue Byrl. These 
mutants bypass the requirement for the MAPKKKIMEKK homologue Byr2 suggesting 
that they have constitutive activity independent of activation by Byr2 kinase. The 
activating Byrl mutants do not, however, bypass the requirement forRas 1 in the 
mating process even though the pheromone response pathway is fully activated. These 
experiments show that Ras1 is required to activate two (or more) pathways involved in 
the mating response. We are now trying to identify components ofthe other Ras 
regulated pathway in fission yeast. Preliminary results suggest that there is is an 
important interaction between this other Ras pathway and the actin cytoskeleton. 
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Dr. Payton 
Olaxo Institute for Molecular Blology 
14, Cb.emin des Aulx 
1228 Plan-les-Ouates, Geneva, Swltzerland 

Yeast Pkcl¡r the protejo and its physical interactions 

The S. cerevlslae CLY 15 gene, complementing an osmotlcally remedia! cell 
lysls defecl in yeasl, was previously shown lo be identical lo PKCJ, a gene 
encoding a yeast b.omolog of mammallan protein kinase C. Loss of P KC 1 

function resulta in a cell lysis defect that is due to a deficiency in cell wall 
construction. Addition of osmotic stabilizing agents to the growth medium 
compensates for the defect and allows cell proliferation. 
The Pkcl protein was shown to associate with the 100,000 x g particulate 
fraction. This assoclation was resistan! to exttaction wlth hlgh salt 
concentratlons, alk:ali buffer, or nonionic detergente, suggesting that 
Pkclp may bo associated with a large protein complex. In vltro, Pkclp 
actlvlly was lndependent of cofactors auch as phospholipids, diacylglycerol, 

and Ca2+, but mutational inactivation of the pseudosubstrato slte of Pkclp 
resulted in constitutlve activation of the enzyme In vitro and in vivo 1). 

Using a fragmont derived from the S. cerevlsiae P K C 1 gene a.s a probe, a 
homolog of l.h.Js gene was lsole.ted from the dimorphic pathogenic fungus 
Candida albicans. The predicted C. albicans Pkcl protein shows 51% 
sequence idenlity over the entire length with the S. cerevisiae Pkcl 
proteln and was capable of functlonally complementing the growth defects 
of a S. cerevisiae pkc 1 .d mutant strain on hypoosmotic medium. Deletion of 
both endogenous coplea of the C. albicans PKCI gene resulted in an 
osmotically remedia! cell lysis defect of both the budding and the hyphal 
growth form and morphologlcally aberrant cells of the budding form. 
Despite lhese abnormalities, the transition between the two growth forms 
of C. alblcans occurred normally in C. alblcans pkc l.d double dlsruptants. 
Similar to lts S. cerevisiae homolog, C. albicans Pk:clp failed to respond in 
vitro to cofactors known to actívate severa! mammallan PKC lsozymes. 

In arder to possibly identify novel components of the S. cerevlslae P K C J. 

mediated pathway, we performed a two-hybrld screen uslng the P KC 1 gene 
as the bait-fuslon. Among approx. 106 yeast transfocmants, four plasmids 
were isolated encoding a Gal4(activation domain) : :Mkkl fuslon protein. In 
these protelns, Mkk:lp was predlcted to start at amlno aclds 53 or 73, and 
subaequent experimenta showed that full length Mkk:l protein does not 
interacl in the two-hybrid system with Pkclp, suggestlng the exlstence of a 
cryptlc blndlng slte withln Mkk:lp. Previous genetic analyses had predicted 
a third protein, Bcklp, to act downstream o! Pkclp but upstream of 
Mkklp2). Upon deletion of the BCKJ gene from the 2-hybrid tester strain, 
the Pkclp/Mkklp interaction was lost but was regalned upon 
retransformatlon of the sttaln wlth a plaamid carrying the B C K 1 gene. 
These results suggest that the Pkcl, the Bckl and the Mkkl protelns form a 
tom.plex in vivo. 

1) Watanabe et al ., (1994) J. Blol. Chem. 269, 16829-16836 
2) lrle et al ., (1993) Mol. Cell. Blol. 13, 3076·3083 
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DISSECTING THE PROTEIN KINASE C 1 MAP KINASE PATHWAY OF s_. 
CEREVISIAE D. E. Levin, Dept. of Biochemistry, Johns Hopkins Unlv., School of 
Public Health, Baltlmore, MD 

Mitogen-activated protein kinases (MAP kinases) comprise a family of 
serinejthreonine-specific protein kinases that are activated in response toa variety of 
extracellular stimuli. The signalling pathways leading to . stimulation of vertebrate MAP 
klnases are activated variously by tyrosine kinases, proteln kinase C, RAS, or G 
proteins. The molecular natura of these pathways is just beginning to emerge. We 
have ldentified a novel MAP kinase activation pathway in ~. cerevisiae that ls mediated 
by protein kinase C. 

The ~ gene of ~. cereylsiae encodes a homolog of the Ca2
• -dependent 

lsozymes of mammalian proteln klnase C (1). We have shown that loss of EKQ1 
function results in a cell lysis defect that is due to a deficiency in cell wall construction 
(2, 3). Addition of osmotic stabilizing agents to the growth medium compensates for 
this defect and allows cell proliferatlon. The ~ - encoded proteln kinase dlsplays a 
similar substrate specificity to that of mammalian protein kinase C (4). To date, PKC1 
is the only protein kinase c.encoding gene known to exist in ~ . cerevlsiae (5). 

We have exploited the phenotypic defect associated with loss of Pkc1 p function 
to identify components that function downstream of thls protein kinase (6-9). This 
approach has uncovered severa! genes that, when mutationally activated or expressed 
at high levels, suppress the ~-associated celllysis defect. We have propasad that 
PKC1 regulates a cascada of proteln phosphorylation through a bifurcated pathway. 
On one branch of the pathway are four genes encoding predicted protein klnases that 
are structurally relatad to those that function in the mating pheromone-response 
pathway. BCK1 @ypass of Q-!Sinase; 6) is most similar to STE11. MKK1 and MKK2 
(MAP fSinase-!Sinase; 7) are functionally redundant members of the MAP kinase-kinase 
(or MEK) famlly and are also relatad to STE7. MPK1 (M.Af !Sinase; 8; lnltially 
designated SL T2) is a member of the MAP kinase family and is al so relatad to 
FUS3/KSS1 . Basad both on epistatic relationships among the genes in the PKC1-
mediated pathway, and the conservad architecture of the predicted protein kinase 
cascada with that established for the mating response pathway, we propasad that 
BCK1 activates MKK1 /2, which in turn activates MPK1 (9}. Additionally, biochemical 
evidence supports a modal in which PKC1 directly activates BCK1. 

The pathway components that function downstream of f.KQ.1 are required for 
growth at 37•c, but not at 23•c (6-8}, therfore, we investigated the role of this pathway 
in adaptation to heat shock. Wild type yeast cells die rapidly when transfered from 
23•c to so•c. However, a pretreatment at 37•c (for 30 min.) confers resistance toa 
subsequent heat shock at so•c. Mutants in MPK1 or ª-.Q.!:S1 are no more sensitiva toa 
so•c heat shock than wild type cells, but are deficient in the adaptation response. 
Moreover, constitutiva activation of BCK1 confers resistance toa so•c heat shock 
without pretreatment, suggesting that this slgnalling pathway is involved in adaptation 
to elevated temperaturas. 
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In an effort to ldentify the signals to which the Pkc1 p-mediated pathway 
responds, we have developed an immune-complex protein klnase assay for Mpk1 p. 
Mpk1 p is only weakly active In cel!s grown at 23"C, but is approximately ten-fold more 
active in cel!s grown at 30"C, and 100-fold more active in cel!s grown at 37"C. 
Moreover, Mpk1p activity is stimulated 170-fold withln 30 minutes of heat shock from 
23"C to 39"C. This activation ls independent of proteln synthesis, but is dependent on 
PKC1 and BCK1 function, confirming our genetic modal. Activation of Mpk1 p by 
elevated growth temperatura ls consistent with the requirement for MPK1 function only 
at hlgh growth temperatura. Other stresses, lncluding low osmotic strength, UV light, 
hydrogen peroxide, etc., fallad to actívate Mpk1p appreciably. lnterestingly, growth In 
high osmolarity medium prevented activation of Mpk1p by heat shock. 

Many bacteria! species respond to elevated growth temperatura by altering the 
composition of their membranas In ways that al!ow them to malntaln constant 
membrana fluldity at different temperaturas. We propase that the E.!SQl·mediated 
pathway is required for adaptation to growth at elevated temperaturas, and that lt may 
regulate the fluidity of the plasma membrane. We have found that IDQJ:U mutants are 
reslstant to killing by sodium dodecyl sulfate, consistent with the notion that thelr 
membrana composition ls different from that of wild type cells. Mutants In this pathway 
may be unable to maintaln a proper interaction between the membrana and the ce!! 
wall during growth, resulting in a defect in ce!! wall constructlon. 

1. Levin, D. E., F. O. Fields, R. Kunisawa, J. M. Bishop, and J. Thorner (1990). 
A candidata protein klnase e gene, PKC1, is required for the .Q. cerevjsiae ce!! cycle. 
Cell 62: 213·224. 
- 2. Levin, D. E. andE. Bartlett-Heubusch (1992). Mutants in the .Q. cerevisiae 
PKC1 gene display a cell cycle-specific osmotic stability defect. J. Ql2ll .IDQ!. 116: 
1221-1229. 

3. Levln, D. E., B. Bowers, C-Y. Chen, Y. Kamada, and M. Watanabe. (1994). 
Dissecting the protein kinase C / MAP kinase pathway of yeast. Cell Mol. Biol. 
Res. 40: 229-239. 
- 4. Watanabe, M., C-Y. Chen, and D. E. Levin (1994). Saccharomyces 
cerevisiaa PKC1 encodas a protein kinase C (PKC) homolog with a substrate 
specificity similar to that of mammalian PKC. J.. Biol. Cham. 269: 16829-16836. 

5. Levin, D. E., W. D. Stevenson, and M. Watanabe (1994). Evldence against 
the existence of the purported Saccharomyces cerevisiae PKC2 gene. Curr. Biol. 4: 
990-995. 

6. Lee, K. S. and D. E. Lavin (1992) . Dominant mutations in a gene encoding a 
putativa protain klnase (BCK1) bypass tha requirement for a Saccharomycas 
cerevisiae protaln kinase C homolog. Mol. Cell. ª-LQ!. 12: 172-182. 

7. Lee, K. S., K. lrie, Y, Gotoh, Y. Watanaba, H. Arakl, E. Nishida, K. 
Matsumoto, and D. E. Levin (1993). A yeast mltogen-activated protain kinasa homolog 
(Mpk1 p) mediatas signalling by protein kinase C. M.Q!. Ql2!!. IliQ!. 13: 3067-3075. 

8. lrie, K., M. Takase. K. S. Lee, D. E. Levin, H. Arakl, K. Matsumoto, and Y. 
Oshima (1993). MKK1 and MKK2, which encode Saccharomyces cerevisiae mitogen
activated kinase-kinase homologs, function in the pathway medlated by protein kinase 
c. M.Q!. Cell. Bici. 13: 3076-3083. 

9. Errede, B. and D. E. Levin (1993). A conservad kinase cascada for MAP 
kinase activation in yeast. Curr. Opin. Cell Bici. 5: 254-260. 
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CHARACfERIZATION OF MAP KINASES INVOLVEMBNT IN CELL 

INTEGRITY OF YEAST SPECIES 

C. Nombela. Departamento de Microbiologfa 11. Facultad de Farmacia. Universidad 

Complutense. 28040-Madrid. Spain. 

SLT2(MPKI) gene is a MAP kinase homolog of Saccharomyce.f cerevitiue, 

essential for integrity of cells grown at 37DC but not at 24°C (1,2), whose product has 

been associated with the PKCl-controlled phosphorylation pathway on tbe ha~ls of 

epistasis relationsh.ips (3). The clarlfication of the function of Slt2p in the signalling 

pathway is a major interest in tbis laboratory. 

The lack of this gene function determined a sorhitol remediable temperature

sensitive and caffeine-sensitive lytic phenotype, but the genetic background of the 

strains affected the expr~ssion of tbe lytic phenotype in many respect~. such as the 

extent of growtb and lysis at tbe non-permissive temperature or at different caffeine 

concentrations. This indicates tbat the effects of the Pkclp cascarle are dlrected to the 

control of the generation of a stable wall structure although tbe intermediate steps 

between SLT2 function and wall functions are unknown. We have followed the release 

of intracellular proteins, either homologous or foreign. from slt2 celL~ at 37oc and, 

consisten! with the ahove interpretation, we found that protein release could he 

prevented in cells growing at 370C under osmotic stabilization (with O.SM sorbitol), 

whereas the release was instantaneous by eliminaúng the osmotic protection (4,5). 

SLT2 alleles recovered from severallyt2 strains, originally used to L~olate the 

gene, were shown to be non-functional due to a point mutation determining a change 

affecting tbe glycine cluster (Giy-X-Giy·X·X-Gly), which is conserved in protein 

kinases and other nucleotide binding proteins. By using the "two hybrid expression 

system" we have also observed that Slt2p interacts in vivo with Mkklp and with Mkk2p, 

the products of two genes that were suggested to act upstream of SLT2, on the basis of 

epi~tasis experiments. The N-terminal moiety of Slt2p, containing all the conserved 

kinase domains, was required both for this interaction and for complementation of 

phenotypic alterations ofs/t2 mutants. 

We have isolated a Candida albicans functional homolog of Saccharomyces 

cerevisiae gene SLT2, that was named MKCJ {MAP kinase from Candida) and it coded 

for a putative protein of 58,320 Da with a high degree of identity (55%) with 

Slt2p(Mpklp), that displayed al! the domains characteristic of MAP kinases. Deletion 

of the two alleles of MKCJ gene in this diploid organism gave rise to viahle cells that 
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the opportunlstic fungus, that similar to the S.cerevisiae Pkclp cascade, would be 

involved in cell integrity by controlling the generation of a stable wall structure. 
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ROLE OF PROTEIN PHOSPHATASES Z IN THE 

MAINTENANCE OF CELL INTEGRITY 

Joaquín Ariño. DepL Bloqulmica y Blologfa Molecular, Un/versltat Autonoma de 

Barcelona, 08193, Barcelona, Spaln. 

Protein phosphatases Z are novel forms of Serfrhr protein phosphatases and are 

encoded by two related genes, namely PPZJ rod PPZ2. The complete PPZl gene was cloned 

and characterized in our laboratory [1). It encodes a large protein (692 residues) whose e
terminal half is about 60% identical to the catalytic subunit of yeast and mammalian type-1 

protein phosphatase (PPlc). Its N-terminal half ls unrelated to phosphatase sequences and is 

rich in Serffhr, as well as In basic residues. A latge number of consensus sites for 

phosphorylation are also found in this region. The complete ORF ofPPZl has been expressed 

in E. coli as a soluble GST -fusion protein and found to display activity Ser!Thr phosphatase 

activity (2]. In sorne aspects recombinant PPZl resembles ·PP!c, but the enzyme cannot use 

phosphorylase as substrate. Bacterially expressed PPZl can be phosphorylated in v¡.tro by 

different protein kinases at multiple sites, although without significant changes in its activity. 

Disruption of PPZJ resultll in hypersensitivity to caffeine and this sensitivlty is further 

increased by simu1taneous disruption of PPZ2 (although ppz2 mutants do not display the 

phenotype). Exposure to caffeine of ppzl ppz2 mutants results in cell lysis that can be 

prevented by growing the cells in the presence of 1 M sorbito1 [3]. PPZ1/PPZ2 pbosphatases 

have been found to be related to the PKCIMAP kinase 'signalling pathway (l. e. simultaneous 

disruptlon of PPZJ and SLT2/MPKJ genes results in non-viable cells) [4]. More recently, we 

have observed that the disruption of PPZJ (but not of PPZ2) results in a significant increase 

in salt tolerance [5]. This etfect is not related to alterations in the osmotic mechanisms but 

toan increased resistance to the toxicity inherent to sodium (and lithium) cations. The possible 

mechanisms responsible for the observed phenotype will be discussed. 

Thls work has been supported by grant PB92-0585 from D.G. J.C. Y T (Spain) 
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Osmotlc Stress Responses and Slgnaling Pathways 

Michael C. Gustln, Dept Biochemlstry and Cell Biology, Rice Unlv,· f1tlVston, TX 

Yeast cells are continually exposed to both lncreases and decreases In osmolaríty. 
lncreases in externa! osmolarlty actívate a MAP (Mitogen-Activated Protein) kinase 
cascade called the HOG (High Osmolarity Glycerol response) pathway. Thls pathway 
is requlred for the increased expresslon of protelns required for osmoregulation and 
osmotolerance, and al so the correct positioning of cell growth and division following an 
increase in osmolarity. Therefore, HOG pathway mutants grow en low osmolarity 
medium but not on high osmolarity medium. A second MAP kinase cascada in yeast 
callad the PKC1 pathway is requlred for cell wall construction. Mutants of this pathway 
grow on high osmolarity medium but not on low osmolarlty medium. The natura of the 
initial activating signal for this pathway is unknown, although the mutant phenotype 
suggest the possibility that the PKC1 pathway is activated by low osmolarlty. lndeed, 
the tyrosine phosphorylation of the PKC1 pathway MAP kinase Mpk1 (Sit2) lncreased 
rapidly in ce lis followlng a shlft of the externa! medium te lower osmolarity. The 
intensity of the response was proportional to the magnitude of the decrease In 
extracellular osmolarity. Thls·response to hypotonic shock requlred upstream protein 
kinases of the PKC1 pathway. lncreasing externa! osmolarity inhibited tyroslne 
phosphorylation of the PKC1 pathway MAP kinase, a response that was blocked by 
BCKt-1, a constitutlvely active mutant in en upstream protein kinase. These results 
indicate that yeast conteln two osmosensing signal trensduction pathways, the HOG 
pethwey and the PKC1 pathway, that respond to hypertonlc and hypotonic shock, 
respectively. 
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Yeast signal transduction pathways regulating MAP kinase 
activation 
1Kenji lrie, 28everly M. Yashar, 28everly Errede, and 1Kunihiro 
Matsumoto 
1 Deartment of Molecular Biology, Faculty of Science, Nagoya 
University, Chikusa-ku, Nagoya 464-01, Japan 
2Department of Biochemistry and Biophysics, University of North 
Carolina, Chapel Hill, North Carolina 27599, USA 

Mitogen-activated protein (MAP) kinase kinases (MAPKKs), 
intermediates in a growth factor-stimulated protein kinase cascade, 
are dual specificity protein kinases that specifically phosphorylate 
and actívate MAP kinases in response to extracelluar signals. 
Yeast MAPKK homologs, Mkk1 and Mkk2, participate in a protein 
kinase cascada activated by Pkc1, protein kinase C homolog. 
Another MAPKK, Ste7, mediales mating pheromone signal 
transduction through a pathway activated by py subunits of the 
heterotrimeric G protein. Both pathways contain members of MAP 
kinase family, Mpk1 and Fus3/Kss1, which are thought to be the 
immediate downstream target of Mkk1/Mkk2 and Ste7 kinases, 
respectively, in each signal transduction pathway. We isolated an 
activated mutation of MKK1, MKK1 P3es, as a suppressor of pkc1 
defect and líes just befare kinase domain VIII. Analogous mutation 
of STE7, STE7P3ss, also suppressed defect of STE4 encoding Gp. 
Without pheromone stimulation, Ste7P3ss has increased kinase 
activity and induces sorne mating responses. Thus, point mutations 
of yeast MAPKKs cause constitutiva activation of the signaling 
pathways. However, the activity of Ste7P3ss is still dependent on the 
presence of the upstream kinase, Ste11. An activated form of 
mammalian Raf (RafD.N), but not normal c-Raf-1, can substituta for 
Ste11 activity in vivo. The Raf protein kinase acts asan activator of 
MAPKK in vertebrales. Raf activation appears to occur downstream 
of Ras, which is in turn activated by growth factors that signa! 
through receptor protein tyrosine kinases. When c-Raf-1 and 
Ste7P3ss are expressed together with mammalian H-Ras, the Ste11 
deficiency is rescued by c-Raf-1. Thus, we developed an in vivo 
system for the assay of Raf activity using the yeast pheromone 
induced MAPK pathway. These results not only indicate that Raf is 
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activated by H-Ras in S. cerevisiae but also suggest that yeast cells 
have an activator for mammalian Raf. 

To identify yeast components participating in Raf activation, 
we conducted screens to isolate yeast genes that, when 
overexpressed, suppressed the transcriptional defect of ste11~ 
STE7f'36Bcells expressing c-Raf-1. Our expectation was that an 
excess of a component that functions in Raf activation might 
enhance Raf activity and, therefore, allow it to substitute for Ste11. 
We isolated clones from a yeast genomic DNA library on a 
multicopy plasmid that could actívate a mating pathway responsive 
reporter gene (FUS1 ::HIS3) in a Raf- and Ste7P36B-dependent 
manner. One of them is identical to BMH1, which encodes a protein 
similar to members of the mammalian 14-3-3 family. Bacterially 
synthesized mammalian 14-3-3 protein stimulated the activity of Raf 
prepared from yeast cells expressing c-Raf-1. Thus, the 14-3-3 
protein may participate in orbe required for activation of Raf. 
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HOGl dependent and independent processes in yeast 
osmoadaptation 

Stefan Hohmann1, Kattie Luyten1•2, Jacobus Albertyn1.J , Johan M. Theveleinl, José 
Ramosz and Bernard A. PriorJ 

1 Labaratarium vaar Maleculaire Celbialagie, Kathalieke Universiteit te Leuven, Kardinaal 
Mercierlaan 92, B-3001 Leuven-Heverlee, Flanders, Belgium; 2 Departamento de 
Micrabialag{a, Universidad de Cardaba, Cardaba, Spain; 3 Department af Micrabialagy 
and Biachemistry, University af the Orange Free Sta te, Bloemfantein, Sauth Africa 

The High Osmolarity Glycerol (HOG) response pathway plays an essential role in 
the adaptation process of yeast cells to hypertonic medium (1). Hog1, a homologue of 
MAP-kinases, is the ultimate protein kinase in the HOG signalling cascade. No target 
protein of Hogl has yet been described at the molecular level. However, it has been shown 
that the HOG-pathway controls re-establishment of the cytoskeleton after an osmotic shock 
(2) and the expression of the GPDI gene (3). GPDl encodes glycerol-3-phosphate 
dehydrogenase, the key enzyme in glycerol production. lts expression is induced severa! 
fold upon osmotic stress lead.ing to enhanced production of glycerol, the compatible solute 
in yeast . Thus, GPDl expression serves as a reporter for HOG-pathway function. 

In order to identify downstream components of the HOG-pathway involved in the 
control of glycerol production or alternative pathways that can take over the function of 
Hog1 , we have isolated suppressor mutations of the osmosensitivity of hagl-1 mutants. All 
mutants characterised so far are recessive and they belong to the same complementation 
group. In a hagl-1 background the mutations confer slow growth on high salt medium, 
restoration of the cell volume and partial restoration of the morphological alterations under 
osmotic stress. All mutants produce much higher levels of glycerol than the hag 1.1 mutan t. 
The mutation is unlinked to GPDJ and it does not suppress the gpdl-1 mutan!. In a HOGJ 
wild type background the mutations confer slower growth under normal conditions but this 
effect is independent of glycerol overproduction. This indicates that the mutations affect other 
processes as well. The mutations do not confer any morphological effects in a HOG 1 strain. 

The accumulation of glycerol in the cell depends not only on enhanced glycerol 
production but also on reduction of glycerol efflux (4). The plasma membrane permeability 
for glycerol consists of passive diffusion through the membrane bilayer and to about 2/3 of 
facilitated diffusion through the glycerol facilitator Fpsl. The Fpsl channel is inactive 
under osmotic stress while passive diffusion still occurs. The inactivation of Fps1 is 
unaffected by deletion of HOGJ suggesting that this process is independent of the HOG
pathway . Thus, other mechanisms or signalling pathways must exist that are involved in the 
osmostress response. 

A detailed characterisation of the hagltJ suppressor mutations will be presented and 
the implications for osmoadaptation mechanisms in general and for functioning of the 
HOG-pathway in particular will be discussed. 

(1) Brewster et al. (1993) Science 259: 1760-1763; (2) Brewster and Gustin (1994) 
Yeast 10: 425-439; (3) Albertyn et al. (1994) Mol. Cell . Biol. 14: 4135-4144; (4) 
Luyten et al. (submitted) 
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Bud-~te aelectlon In SllcChllromyctll cerevlslse. 

J. R. ~ringle 1, J. Chant 1,2, J. Zahner 1, and H. Harklns 1, 
1 Depertment of Biology, Unlversity of North Carolina, Chapel Hill, NC 27599, USA 

2oapartment of Molecular and Cellular Biology, Horvord University, Cambridge, MA 02138 

Cells of the yeest Ssccharomvces cerevlsfae select bud sitas in aither of two distinct 
spatlel patterns. In the axial pattern, expressed l>y o and ex calle, both mother and daughter 
cells form new buds near the preceding divlslon sita. In the bipolar pattern, exprossod by 

ala cell~:, the mother cell can bud either neer tha precading divieion sita or near the opposlte 
pole, end the daughtor cell generally forma Ita flrst bud nesr the pole distal to the dlvlslon 
sita. Cletailad analysls of budding patterns by fluorescenca, time-lapsa, and scanning 
alectron microscopy hBs been used to obtaln more precise descriptlons or tha two buddlng 
patterns IChent & Prlngla, 1995). From these descriptions, we conclude that in the axial 
pattarn, the new bud forms directly ed)ecent to the division alta In daughter cells and 
directly adjecont to tha immadiately precedlng division sita (bud slte) in mother calls, wlth 
little influence from earller sitas. Thus, the dlvlslon &!te eppeers to be marked by e spetiel 

signal(s) that apaclfies the location of the new bud 5lte end ls translant In thst lt only lasts 
from l)nA budding event to the naxt. Consistent with this concluslon. atarvatlon and re· 
foodlng of axially budding cellt resulta In the formation of naw buds at non•axlel sitas. In 

contrast, in bipolar-buddlng cells, both pole$ ere specified perslstontly as potentlal bud sitas, 
8!1 ahown by the observatlons that a pole ramains competent for buddlng avan efter severa! 

generations of non-use and that the poles continua to be usad for budding after stervetion 

end re·feedlng. lt eppesrs thBt the specificotlon of the two polea as potantlal bud altea 
occurs bofore e doughter cell forma ita firat bud, as e deughter can form this bud near either 

pole. Howevor, thera ia a bias towards use of the pole distal to tha division sita. The 
strength of this bias varias from strein to strsln, ls sffected by growth condltlons, snd 

dimlnithes In successive cell cycles. The first bud thet forms noer tho distal polo appoars to 
form et the very tlp of tho oall, whereos th& firat bud that forms near tha pola proximal to 
the original dlvlsion sita (as markod by the blrth scer) ls generally somewhet offset from tha 

tip and adjscent to (or ovarlapping) the birth scar. SubseQuent buds can form near either 

pole atld eppear almost always to be adjecent eithor to the blrth scar or to a pravlous bud 
sita. These observations suggest thst tha distal tip of the cell and eech division site carry 

pertsistent sign11ls that can dlrect the salaction of a bud sita in any subsaquant call cycle. 

The axial budding pattarn 11ppoars to bo explelned In pert by tha bahavlor of tho BUD3 

gene product. BUD3 18 speclficelly required for the axial budding pattern: mutations of 
8UD3 (including 11 deletlon) dlsrupt tho axial pattern but not the bipolar pattarn (Chant & 
Herskowltz, 1991; Chant et si .• 1996). lmmunofluorescence locall:r:etlon of Bud3p haa 
reveai('Jd that it asaembles In en apparent double rlng onclrcllng the mothor-bud nock shortly 

efter tha rnltotlc spindle forms IChant et si., 1 99!5). Thls Bud3p structure persista until 
cytokinesis. when it spllts to ylold a single ring of Bud3p marklng tha dlvlslon sita on oach of 
the two progeny calla. Thasa single ringa remBin for much of tha ensulng unbuddad phase 

and then disessemble . The Bud3p rlngs are lndlstlngulshable from those of the neck· 
filament asaoclated proteins 1Cdc3p. Cdc 1 Op, Cdc 11 p, end Cdc 12p). except thet the lotter 
protelns assemble prior to bud amargance and remain In piBca for tha durBtion of tha cell 
cycle . U pon shlft of e temporeturo-sonsltlve cdc 12 mutent strein to restrictivo tomporeture, 
localiz:etion of both Bud3p end tha neck-fllamont·assoclatod protolns is repidly lost. In 
eddition. e heploid cdc 11 mutant loses its exl11l budding pettern u pon shift to restrictiva 
tempert~ture . Taken together. the data suggest that Bud3p end the neck filaments are 
linkod in e cycle In which aach controls the poaition of the other's assemblv: Bud3p 
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asaemblea onto the neck filamenta in one cell cycle to mark the sita for axial budding 
(includlng assembly of tha new ring of neck filaments) In the next cell cycle. 

The features of the bipolar budding pattern deacribed above suggest that there must 
be gones whose products ere involved apecifically in produclng thls pattern (but not the axial 
pattarn). We attempted to identify svch genes by scroenlng for mutants that dlsplayod a 
specific loss of the bipolar pattern. We mutagenized a bipolar budding bud34 haplold strain 
and sctaaned for mutanta by Calcoflvor stalning of indlvidval clones IZahner ct al .. 1995). 
The mutanta of lnterest budded either from random locations (random mutants) or 
excluslvely from one or the other pole (unipolar mutantsl in the parental background or in an 
elet BUD3/BUD3 diploid background, but dlsplayed normal axial buddlng In en a or cr BUD3 
background. From -21,000 clone~> screenad, we isolated 11 mutants of intarest. The six 
random mutants proved to oontaln mutatlons in six different genes. Two of thesa genes 
were BUD2 and BU05, known from previous work to be necessary for both the axial and 
bipolar pattGrns (Chant & Herakowitt, 1991; Chant 6t st., 1 991). Thua, tha new mutatlons 
appear to affect the ability of Bud2p encl Bud6p to interact with bipohH spatial signals but 
not with the Bud3p·containing axial spatial signa!. Two othar ganas defined by tha random 
mutanta are the previously known SPA2 (Snyder, 1989lend BN/1 (identified originally on 
the batis of e synthetic·lethal interection with cdc 12; J. Fa res & J.R. Pringle. unpublishod 
reaults); the letter result auggests thst the neck filaments may siso be involved in the 
positiOt'ling of bipolar apatial aignats. The remaining two genes defined by the rendom 
mutents ere apperentfy novel (8UD6 end BUD7), end are currently being charactorlzod in 
molecular terms. The five unipolar mutents includad two thet bud axclusively from the 
proximal pole (deflning one novel gene, BUDBI end three that bud exclusively from the distal 
pole ldofining one novel gene, 8UD91. The bud8 bud9 double mutant resembles the bud8 
single tnutant, suggestlng that the bud9 phenotype represents e feilure to properly position 
the normal proximal-pote algnal rather then an lnebil ity to produce this slgnel. Molecular 
eharaotorizetion of both BUDB end BUD9 ia in progress. 

Chant, J .. and l. Herskowitz. 1991. Genetlc control of bud site selection in yeast by e set 
of gene products that constitute a morphogenetic pathway. Celf 65: 1 203·1 212. 

Chant, J., and J.R. Pringle. 1995. Patterns of bud·site selection in the yeast 
Shccheromyces cerevisiee. J . Cefl Bio/., in press. 

Chant. J., K. Corrado. J.R. Pringle. ar.d l. Herakowitz. 1991. Yeast BUD5, encoding a 
pUtativa GOP-GTP exchange factor, is necessary for bud sita selection end interacts 
wlth bud formatlon gene SEM1. Ct~f/65: 1213-1224. 

Chant, J., M. Mischke, E. Mitchell, l. Herskowitz, and J.R. Pringle. 1991). Role of Bud3p in 
prpducing the axial budding pattern of yeast. J. Cefl Biol .. in press. 

Snyder, M. 1989. The SPA2 protein of yaest localizas to sitas of cell growth. J. Cefl Biol. 
108: 1419-1429. 

Zahner, J.E., H.A. Harkine, and J.R. Prlngla. 1995. ldentification of genes involved in the 
bipolar bud·site·selection pathway In Saccharomyces cerevisiae. Submitted. 
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GZNETIC CONTROL OP CBLL POLARITY IN VZGETATIVB AHD KATING 
CBLLS OF BODDING YBAST ANO THE FUNGUS USTILAGQ KAYDIB. 

Ira Herskowiiz, Joe Gray, Hay-Oak Park, sylvia Sanders, 
Aaron Neirnan , MatthiaJ Peter, Maarten van Lohuizen, Nicole 
Valtz, Janet Chenevert , Wei Wei, and Flora Banuett 

Departrnent of Biochernistry & Biophysics, University of Cali
fornia, San Francis~o, California 94141-0448 USA 
present addresses: SUNY Stony Brook Station Zoologique, 
Villefranche-sur-rner. 

We are studying a nurnber of aspects of signal transduction 
and cell polarity in budding yeast and in U.maydis. 

Siqnal transduction in yeast: 

PHEROMONE RESPONSE PATHWAY: We have recently found that the 
MEKK STEll phosphorylates and activates the MEK STE7 in 
vitro (1). We have now found that STE20, a putative protein 
kinase in the pheromone response pathway, phosphorylates 
STEll. The functional significance of this phosphorylation 
remains to be determinad. 

PXC1 PATHWAY: We have earlier observed that mutants lacking 
the SWI4 protein exhibit a growth defect which can be ovar
come by overexpression of the Gl cyclins, CLNl and CLN2 (2). 
We now find that high copy plasmids carrying the PKCl gene 
also allow growth of SWI4-deficient cells. We hypothesize 
that overproduction of PKCl stimulates a SWI4-independent 
pathway of CLNl and CLN2 transoription mediated by the 
transcription factor MBP1/SWI6. These observations suggest 
that MBPl might be direct substrate of the MAP kinase 
MPK1/SLT2. 

Call polarity: 

IN VEGETATIVB CELLB; We have proposed that Budlp/Rsrlp 
asso~iates with a member of the Cdc24p group of proteins in 
a GTP-dependent manner as part of a morphogenetic pathway 
leading to bud-site selection (3,4). We have observad that 
Cdc24p associates with Budlp in vitro in a GTP-dependent 
manner. We have identified additional mutants that exhibit 
bipolar budding, at least one of which defines a novel gene. 
Bud4p has been clonad and sequenced and its protein local
ized using antibodies against Bud4p. 

IN KATING CELLS: Mutants of yeast have been identified which 
exhibit mating defects against certain enfeebled strains 
(~). These rnutants define genes necessary for cell morpho
genesis in response to mating pheromone and perhaps for 
reorientation of oells during mating. The FARl gene, which 
cedes for a cyclin-dependent kinase inhibitor (6), is also 
necessary for orientation of cells to pherornone. 
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Biqnal tranaduotion &Dd Oell polarity in U.~ydis: U.maydis 
is a dimorphic funqus whose haploid form is yeast-like and 
whose dikaryotic form is filamentous (reviewed in 7), Its a 
locus codes for pheromones like a-factor of buddinq yeast 
and for recoptors related to STE3. We have ahown that the a 
locus, and thus the mating pheromones, are necesaary tor 
maintenance of the filamentous atete; in other words, for an 
autocrine response. 

8IGNAL TRANBDUCTION: A homologue to budding yeast STE7, 
called fuz7, has been identified and shown to be required 
for a-depandent processes such as matinq . Strikinqly, fuz7 
is also required for induction of tumors in maize, which 
suqqests that it miqht be a component of a pathway that 
responds toa plant siqnal (8). 

CELL KORPBOGENBSIS: Numerous ts mutants have been identified 
with aberrant morpholoqias at non-permissive temperature. 
Thesa may define U.maydis analoques and homologues to CDC24, 
CDC42, etc. 

Referenoes: 

1. Neiman, A.M. and I. Herskowitz (1994). Reconstitution of 
a yeast protein kinase cascade in vitro: activation of the 
yeast MEK homologue STE7 by STE11. Proc. Natl. Aoad. Sci. 
USA 21:3398-3402. 

2. oqas, J., B.J. Andrews, and I. Herskowitz (1991), Tran
scriptional activation of CLNl, CLN2, anda putative new G1 
cyclin (HCS26) by SWI4, a positiva requlator of G1-spec1tic 
transcription. Cell ~:1015-1026, 

3. Chant, J, and I. Herskowitz (1991). Genetic control of 
bud sita selection in yeast by a set of qene products that 
constitute a morphoqenetic pathway, Call ~:1203-1212. 

4. Park, H.-o., J. Chant, and I. Herskowitz (1993). BUD2 
ene,odes a GTPase-aotivatinq protein for Bud1/Rsr1 necessary 
for proper bud-site selection in yeast. Natura ~:269-274. 

5 , Chenevert, J., N. Valtz, and I. Herskowitz (1994), 
Identification of genes required for normal pheromone-in- . 
ducad call polar1zat1on in Saccharomyces cerevisiae. Genet
ics ~ : 1287-1296. 

6. Peter, M. and I. Herskowitz (1994), Direot inhibition of 
tha yeast cyclin-dependent kinase Cdc28-Cln by Far1. 
Science ~11228-1231. 

7. Banuett, F. (1992), Ustilago maydis, the deliqhtful 
bliqht. Trands Genet. ~1174-180. 

8. Banuett, F. and I. Herskowitz (1994), 
Fuz7, a Ustilago maydis MEK/MAPKK homoloq 
locus-dependent and -independent steps in 
cycle. Genes & Dav. 111367-1378. 
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MOTOR PROTEINS ANO MORPHOGENESIS IN BUDDING YEAST 

SUSAN BROWN 
The University of Michigan, Dpt. of Anatomy and 

Ce11 Bio1ogy, Ann Arbor MI. 48109-0616 (USA) 

Actln (Actlp) and myostns (Myolp. Myo2p) have been lmpllcated In vartous 
aspects of yeast morphogenesls. A temperature-scnsltlve myosin (myo2-66) mutant 
loses the ablllty to dlrect growth to the bu d. and lnstead becomes large and round 
(Johnston et al., 1991 ). Govtndan et al. (1991) have shown that veslcles bu lid up 1n 

the mother cell when the myo2 mutant ls shtfted to restrlctlve temperature, and that 
th1s ls eplstatlc to the bulld-up of secretory veslcles In the bud In late secretory 
mutants (secl, sec6). Thus Myo2p appears to be In volved in transport of veslcles to 
the bud. A puzzllng aspect, however, ls the fa1lure to detect a concommltant bulld-up 
lnternally of secretory components such as lnvertase (Ltu and Bretscher. 1992: 
Govindan and Novtck, 1993). 

A acreen for mu1tlcopy suppressors revealed that thc myo2 buddlng defect can 
be partlally corrected by overexpresslon of Smyl p. a ktnesln-related proteln (Lillle and 
Brown, 1992). Furthermore, although deletlon of SMYI has no detectable phenotype 
In a wlld·type background, the myo2 mutant requlres SMYl. lt was surpr1slng to flnd 
a putatlve mlcrotubule-based motor substltuttng or compensatlng for a defect In an 
actln-based motor, all the more because mtcrotubules are not normally requlred for 
bud growth (Huffaker et al., 1988: Jacobs et al., 1988). However, lt ls posslble that 
there ls a mlcrotubule-medtated pathway that ls only requlred when the major, actln
medlated pathway ls defectlve. We are attemptlng to explore thls posslblUty by 
treatlng the myo2 mutant wl.th the mlcrotubule-depolymertzlng drug, nocodazole. We 
have also looked for genetlc evldence. and have found that. mutatlons In the ¡J-tubuUn 
gene (tub2) are not synthetlcally lethalln comblnatlon wlth myo2 . Nor do 
lmmunolocallzatlon studles (LUUe and Brown, 1994) provlde evldence ofSmylp. 
mlcrotubule lnteractlon; lnstead there ls a correlat!on wl.th the behavtor of actln and 
Myo2p. Myo2p and Smyp l colocallze to regtons of polarlzed growth (lnclptent bud 
slte, ttp of small buds. and the mother-bud neck at a late stage of the ccll cycle) . 
They may arrlve at the bud by travellng along acllu c.:a.bles, whlch are orlcntcd toward 
the bud. or they may locallr.e at the bud tlp as part of an anchor for the cables, 
among other posslbllttles. 

Anothcr way to look for an assoclatlon between Smy 1 p and mlcrotubules mlght 
be to "freeze" Smy1p 1n place on lts substrate. Thts approach was suggested by 
studles of Kar3p, another klnesln-related protetn In S. cereulstae. Meluh and Rose 
(1990) found that they could localtze a mutant (but not wl.ld-typel Kar3p to 
mlcrotubules. Slnce the mutatlon was In the ATP-blnd.lng domaln, they postu1ated 
that tnterference wl.th motor actlvtty prevented dlssoclatlon of Kar3p from 
mtcrotubules. Thus. we reasoned that maklng the same mutatlon In Smylp mlght 
allow us to locallze lt to mlcrotubules. We looked carefully, but saw no evldence of 
such a locallzatlon. Instead the mutant Smylp locallzed normally. Evcn more 
surprlstngly, lt functloncd normally; l.e .. plasmld-borne mutant smy 1 suppresscd 
myo2 temperature sensltlvtty, and rescued the lethallty of SMYl deletlon In myo2 

mutants. We conclude that elther motor actlvtty ls not requlred for Smylp locallzatlon 
and functlon, or, contrary to expectatlon, the mutatton has not dlsabled the motor. 

As deletlon of SMYl does not appear to affect the phenotype. we are screenln~ 
for mutatlons that are deleterlous In combtnatlon wlth tllls deleUon. The flrst 
mutatlon we ldentlfled, uslng a colony sectortng assay, was In MYOl. Thls was quite 
surprlslng. as Myolp ls a very dlfferent myosln from Myo2p. and ls not expected to 
be redundant wlth lt. Myo1p ls a conventlonal myosln. wtth a long u-hellcal ta.ll that 
ls predlcted to dlmerlze vta colled-coll foTmatlon. Conventlonal myosln dimers 
aggregate lnto fllarnents, whlch work by slld.lng actln tllaments past one another. 
Myo2p. on the other hand. may dtmerlze but ls unllkety to forro fllamcnts. based on 
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the behaYior of another myosln of tts class (Chcney ct al., 1993). Furthcrmore. 
although both Myolp and Myo2p may play roles In aspects ofmorphogenesls, thelr 
chlef efTects appear to happen at dlfferent times durlng the cell cycle: myo.l mutants 
have a defect In cell separatlon so that they grow In clumps and chatns (Rodrlguez 
and Paterson, 1990 and our observatlons). whereas the rru;o2 mutant cells can 
separate but do not bud properly (Johnston et al.. 1991 ). We are lnvestlgatlng why 
Smy 1 p has effects on such dlfTerent myoslns. 

Cheney, R.E., M.K. O'Shea, J.E. Heuser, M.V. Coelho, J.S. Wolenskl, E.M. 
Espreafico, P. Forscher, R.E. Larson and M.S. Mooscker. 1993. Araln myosln-V 
ls a two-headed unconventlonal myos!n W1th motor a.ctlvlty. Cell 75:13-23. 

OoVindan. B., R. Bowser and P. NoVick. 1991. Role of thc unconventlonal myosln 
gene MY02 In the yeast secretory pathway. J. Ccll Blol. 1 1 5: 185a. 

GoVindan, B. and P. Novlck. 1993. The role of MY02 In vesicular transport In S. 
cereulsla.e. Mol. Blol. Cell 4: 156a. 

Huffaker T.C., J .H. Thomas and o. Botsteln. 1988. DI verse effects of ~-tubulln 
mutatlons on mlcrotubulc formatlon and functlon. J . Cell. Blo!. 106:1997-2010. 

J ncobs. C.W., A.E.M. Adams. P.J. Szanlszlo and J.R. Prlngle. 1988. Functlons of 
mlcrotubules In thc Sa.ccharomyces cereulslae cell cycle. J . Cell Blol. 107:1409-
1426. 

Johnston, G.C., J.A. Prendergast and R.A. Stnger. 1991. The Sacctw.romyces 
cerevtslae MY02 gene encodes an esscntlal myosln for vectorial transport of 
veslcles . J . Cell. Biol. 113:539-551. 

Llllle, S.H. a.nd S.S. Brown. 1992. Suppresslon of a myostn defect by a klnesln· 
related gene. Nature 356:358-361. 

Llllle, S.H. and S.S. Brown. 1994. Immunofiuorescence locallzatlon of the 
unconventlonal myosln, Myo2p, and U1e putatlve klnesln·related proteln. Smylp, 
to the same regtons of polarlzed growth In Saccharomyces cenwlslae. J. Cell B!ol. 
125:825-842. 

Llu. H. And A. Bretscher. 1992. Characterlzatlon of TPM 1 dlsrupted ycast cells 
lndlcates an lnvolvement of tropomyosln In dlrected vesicular transport. J. Cell 
Blol. 118:285-299. 

Meluh. P.B. and M.D. Rose. 1990. KAR3. a klncsln -related gene requlred for yeast 
nuclear fuslon. Cell 60:1029-1041. 

Rodrlguez. J.R. and B.M. Paterson. 1990. Ycast myostn heavy chaln mutant: 
ma.lntenance of the cell type speclflc buddlng pattern and the normal deposltton of 
chltln and cell wall components requlres an lntact myosln heavy cha.ln gene. Cell 
Motll. Cytoskel. 17:301-308. 
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A PERMEABIUZED CELL ASSAY FOR THE REGULATION OF POLARIZED 
ACTIN ASSEMBLY IN BUDDING YEAST. David Drubin, Rong Li, Tom Lila, 
Shirley Y ang and I<athryn Ayscough. Department of Molecular and Cell 
Biology, University of California, Berkeley, California 94?2.0. 

We have established an in vitro assay for assembly of the cortical actin 
cytoskeleton of budding yeast cells. After permeabilization of yeast by a novel 
procedure designed to maintain the spatial orga.nization of cellular constituents, 
exugeno\lljly ttdued fluorescenlly-labeled a.ctin monomers assemble into distinct 
structures in a pattern that is similar to the cortical actin distribution in vivo. 
Actin assembly in the bud of small budded ce11s requires a nucleation activity 
provided by protein factors that appear to be distinct from the barbed ends of 
endogenous actin filaments. This nucleation activity is lost in cells that lack Sial 
and Sla2, two proteins previously implicatcd in cortical actin cytoskeleton 
function and demonstrated to be components of the membrane cytoskeleton, 
suggesting a possible role for these proteins in the nucleation reaction. 11le rate 
and th.e extent of actin assembly in the bud are increased in permeabilized .Jcap2 
cells, providing evidence that capping protein regulates the ability of the barbed 
em.b of actin fúaments to grow in yeasl cells. Actin incorporation in the bud can 

be stimulated by treating the permeabili.zed cells with GTP"15, and, significan ti y, 
the stimulatory P.ffP.rt. is ~minated by a mutation in CDC42, a gene that encocles 
a Rho-like GTP-binding protein required for bud formation. Furth.ermore, th.e 
lack of actin nucleation activity in the cdc42 mutant can be complemented in vitro 
by a constitutively active Cdc42 prorein. TI•ese results suggestlhal Cdc42 i5 
closely involved in regulating actin assembly during polari.zed cell growth. 

To determine whether Cdc28 plays a direct role in regulating actin 
nudeation, we t:P.C:te.d the effect of Cdc28 activation by the Cln2 protein, one of 
the Gl cyclins, on cortical actin assembly in permeabilized yeast cells. We found 
that extracts prepared from Gl-arrested cells contain an activity that inhibits the 
nudeation of cortical actin assembly In the buds of permeabillzed yeast cells. 
This inhibitory activity is eliminated upon activation of Cdc28 by Cln2. 
Activation of Cdc28 by Clb2; one of the mitotic cyclins, on the other hand, does 
not ha ve the same effect, consistent with the in vivo observation that promoting 
polarized growth is a function specific for the Gl cyclins. 
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Control of cell polarity in fission yeast. 

F. Verde, J. Mata and P. Nurse, Imperial Cancer Research Fund. 

44 Lincoln's Inn Fields, London, WC2A 3PX. 

Maintenance of cell shape and polarity is fundamental to proper cell 

function and differentiation. To identify new genes involved in the control of 

cell form in fission yeast we have visually screened for temperature sensitive 

mutants that show defects in cell morphology. 64 mutants have been isolated 

and linkage analysis has shown that they define 19 independent genes. One 

group of mutants, called orb, show a complete loss of cell polarity ai\d become 

round when grown at the non-permissive temperature. A second class of 

mutants shows defects in either selection of the growth site (tea mutants) or in 

the maintenance of growth direction (baH mutants). Inununofluorescence 

analysis of these mutants shows a number of defects in the organi.zation of the 

microtubule and actin cytoskeleton. In addition we have investigated the 

function of these genes during the cell cycle and we have shown that although 

sorne genes are required to maintain cell shape and polarity throughout the cell 

cyde, others are required for re-establishment of cell polarity at the concluslon of 

mitosis. 
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A GGP1/GAS1 homolog required for polarizad growth in Gandida albicans 

is functional in Saccharomyces cerevisiae 

L.Popolo, I.Orlandi, P.Cavadini, L.Aiberghina and M.Vai 
Dipartimento di Fisiología a Biochimica Generali - Sezione di Biochimica 
Comparata 
Universita degli Studi di Milano- Via Celoria 26- 20133 Milano (ltaly) 

The gene GGP7 /GAS 7 of Saccharomyces cerevisiae encodes a major exocellular 
glycoprotein of 115 kd (gp115). This protein is synthesized as a 60-kd precursor 

which is highly modified by N- and 0-glycosylation and also by the attachment of 
a glycosyl-phosphatidylinositol (GPI). The lipid moiety of this structure anchors . 

the protein to the outer layer of the plasma membrana. GGPT gene is not 
essential. However, haploid cells carrying a disrupted GGPT gene show severa! 
defects. Cells have a lower growth rate, are round, abnormally budded expecially 
upon entry in stationary phase, resistant to zymolyase, and their viability 
decreases during growth at neutral pH. These data suggest that gp115 plays a 
role in morphogenetic events. Recently a homolog of GGPT gene, PHRT, from the 
dimorphic pathogen C.albicans has been isolated. PHR1 gene is a pH-responsive 
gene that appears to be involved in polarizad cell growth in C.albicans. The 
nucleotide sequences of PHR1 and GGPT show a 55% homology whereas the 
deduced amino acid sequences show a 56% overall identity and 70% similarity . 
We have analyzed the ability of PHR1 gene to complement a null mutation in 
GGP1 gene. Different constructs were preparad in which the expression of PHR1 

was under the control of its natural or GGP1 prometer, in the high copy number 
plasmid YEp24 . 
Analysis of growth parameters and cell morphologies have indicated a complete 
complementation of the mutant phenotype. Moreover by Northern blot analysis 
we have found that when PHR1 gene is under the control of its own promoter is 
constitutively expressed and is not responsiva to the externa! pH . 
Studies are underway to characterize the PHR1 protein expressed in S.cerevisiae 

and to determine if the signa! for GPI attachment is functional in S.cerevisiae .. 

Supported by a grant C.N.R.- lngegneria Genetica 
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DIMORPHISM IN YEAST: A MODEL FOR FUNGAL 
DEVELOPMENT 

Gerald R. Fink, Whitehead Institute/MIT, Cambridge MA 
02142 

SaccMromyces is dimorphíc, capable of growth both as 
yeast-form (YF) and filamentous pseudohyphal (PH) cells. 
We used video núcroscopy to compare YF and PH cells 
grown under nitrogen limitation. Thc gencration times of YF 
and PH were nearly equal but their growth patterns were 
distinct. YF cells divide by bipolar budding and display an 
asymm.etric division pattem. Mothers always budded 
before daughters, perforrning a Start controlled cell cycle. 
Budding of PH cells is unipolar and division is symmetric. 
Subsequent budd.ing of mother and daughter is 
synchronous. The PH budding pattem was dependent upon 
an intact MAP kinase signaling cascade-ste7 and ste20 
mutants displayed asymmetric, asynchronous budding. 
Unlike YF growth, in PH cells the budded period covers 
nearly the ent:ire cell cycle. Linear growth of PH cells is 
restricted to the budded period. Thus, Start control of cell 
cycle progression at Gl/S is bypassed. Immunofluorescence 
of DNA and tubulin distribution suggest that M phase is 
delayed until cell size is doubled. Flow cytometry and cell 
sorting show that most budded PH ce lis have fully 
replicated DNA, supporting a G2/M restriction point. PH 
maintain their division pattem independent of growth rate, 
ruling out a temporal delay in G2. PH cell síze is regulated 
chiefly at the G2/M transition. Mutation of the CDC28 
phosphorylation si te Y19 does not perturb PH growth. PH 
cell-size control may depend u pon novel effectors of the 
STE pathway inhibiting cell cyde progression at G2/M. 
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Gl Cyclins are Stabilized in grr 1 Mutants and Durlng 
Pseudohyphal Growth of Saccbaromyces cerevlslae. 
Carl Mann. Servfce de Biochfmic ct Génétique Moléculalrc. Centre 

d'Btudes de Saclay/CEA. F-91191 Gif-sur-Yvcue. France. 
(33)( 1).69.08.34.32. 

Wc're intercstcd in studying thc funct.ional significance and the 

biochcmical mcchanism of G 1 cyclin proteolysis. Wc found that 
instability was confcrred on p-galactosidase in ycast by fusion to 

the CLN 1 G l cyclln. Thc fusion protein was stabilizcd by deJCUon of 

J>BS'J'-rlch seque11ces of CJ.Nl that are neccssary for its lnstabllity. 
We isolatcd mutants in which the CLNl-~-galactosidasc fusion 

protein was stabHJzcd using a colony color assay to monitor ~

galactosidasc acUvity. F.ndogenous CLNl .and CLN2, but not CLN3, 

were stabllized in a complementaOon group of mutants U1at proved 

to be allcles of U1e previously characterized GRR1 gene. gr1'1 

mutants are defcctJve in glucose reprcssion, glucose and divalent 

cation transport and exhibit a pseudohyphal~like growth. A 

supprcssor analysis indicated that G 1-cyclln stabili?.ation is 

probably notan indlrect consequcnce of the nutrlent uptake defects 

of grr1. Wc propose that GRRl is a componcnt of a regulatory 

pathway linklng nutrlcnt transport and Gl cyclin turnover. 
'J'he grrl phenotypes suggested to us that Gl cyclin stabllily 

might be modulated durlng pscudohyphal differcntlation of wild

type yeast cells. We found that CLNl was parlially stabilized when 

wlld-type ce11s underwcnt pseudohyphal dffferenUatJon in 
nitrogen-llmited lfqutd cultures. Furthcrmore, dclctton of CLN.l 

inhlbits pscudohyphal diffcrentlaUon whereas tl1e overcxpression 

of CLNl sufficed to induce pseudohyphal·llkc growth in wlld"type 

diplold cells growing in a rlch nutrient medium. Thus, thc 
degradaUon of thc G 1 cyclins is regulatcd such that their instabiUty 

couplcs cell growt11 to cell division in the unicellular state whereas 

thclr stabillúl.tlon is implicatcd in pseudohyphal differentlation. 
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Involvement of the Ras/cAMP signal transduction pathway in the maintenance 
of cellular integrity in yeast. 

Stephen G. Oliver and Lubomira l. Stateva 

Department of Biochemistry & Applied Molecular Biology, UMIST, 
PO Box 88, Manchester M60 lQD, UK. 

All unicellular organisms which ha ve rigid cell walls face the problem of increasing the size of 
that wall by the insertion of new material while maintaining their osmotic integrity. TI!is 
process of wall extension must be carefully integrated with the overall control of cell growth 
and division (22). In this report, we will present data which indicates that tbe Ras/cAMP signa! 
transduction pathway is involved in this integration process and plays a major role in the 
maintenance of the structural integrity of cells of the yeast,Saccharomyces cerevisiae. 

cAMP is a key "second messenger" which plays an importan! role in the regulation of a variety 
of cellular processes. In the lower eukaryote, Saccharomyces cerevisiae, only one biochemical 
function has, so far, been ascribed to cAMP: the activation of cAMP-dependent protein kinase 
A. This enzyme controls the phosphorylation of a number of different target proteins and, in 
this way, modulates their activiry and function. cAMP is produced by adenylate cyclase which, 
in Saccharomyces cerevisiae, is a peripheral membrane protein (11) encoded by the gene 
CDC35/CYRJ (3, 10). The activiry of adenylate cyclase is, in tum, regulated by the the Ras! 
and Ras2 proteins (4, 14). 

The Ras-adenylate cyclase relationship in yeast has been the subject of intensive study which 
has resulted in the definition of one of the organism's signa! transduction pathways. This 
Ras!cAMP - dependen! signa! transduction pathway has a number of other components in 
addition to the RASJ, RAS2 and CYRJICDC35 genes. The cellular concentration of cAMP 
is determined by the balance between the nucleotide' s synthesis by adenylate cyclase and its 
degradation by two phosphodiesterases, specified by the PDEJ and PDE2/SRA5 genes (12, 
16). The activity of Ras is modulated by CDC25 (1, 2), a gene whose product activates Ras by 
promoting the removal of bound GDP and its replacement with GTP, and by IRAJ, IRA2 and 
MSJJ/JUNJ, all of which appear to down-modulate Ras activity by stimulating that protein's 
intrinsic GTPase activity (15, 18, 19). The interaction between the Ras proteins and adenylate 
cyclase is promoted by theSRV2/CAP gene (5, 6) whose gene product also mediates an 
interaction with the cytoskeleton (8, 24). Finally, the genes encoding the catalytic (TPKJ , 
TPK2 and TPK3) and the regulatory (BCY 1 ) subunits of the cAMP-dependent protein kinase 
ha ve been defined (20, 21 ). 

The effects of mutations in the above-mentioned genes on the physiology of the yeast cell ha ve 
been studied in detail. Most of these mutations result in distinct and severe phenotypes, for 
example: loss of viability (ras! ras2 double mutants); heat shock and starvation sensitivity 
(beyl ); temperature sensitiviry (cdc25; cyrl ); failure to utilise non-fermentable carbon 
sources (tpk2 tpk3 beyl or tpkl tpk3 bey! triple mutants); inability to grow on the rich 
medium YPD (srv2/cap ). In contrast, defects in either PDEJ or PDE2 (the genes encod.ing 
the low and high affinity cAMP phosphodiesterases, respectively) have not been reported to 
result in any dramatic phenotypic changes. They cause only very modest increases in the leve! 
of intracellular cAMP (12, 16) and have a nearly wild-type phenotype under most conditions. 
Nevertheless, mutations in PDE2 (pde2::URA3; real) were shown to rescue otherwise non
viable ras] ras2 double mutants on rich medium in the presence of exogenous cAMP (25, 26). 
A recent report (7) suggested that cAMP regula tes the ability of the polar-budding, diploid yeast 
cell to undergo a morphological transition to the pseudomycelial, "foraging", growth habit. 
This morphological change occurs upon nitrogen limitation and is potentiated by mutations, 

such as RAS2VaJI9 , which result in elevated steady-state Ievels of cAMP. These data implicate 
the Ras/cAMP-dependent signal transduction pathway in the control of the pattem of cell 
surface development. We will provide evidence that this signa! transduction pathway also has 
an influence on an even more fundamental role of the yeast cell surface: the maintenance of the 
structural integrity of the cell itself. 
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We will show that the PDE2 gene of Saccharomyce:; cerevisiae, which encodes the high 
affinity cAMP phosphodiesterase, is an extragenic suppressor of the osmotic fragility 
mutation, srb1-1 (23). Disruption of PDE2, but not PDE1 (the gene for the Iow affinity 
enzyme), simultaneously confers the following phenotypes on yeast cells: susceptibility to 
lysis upon osmotic shock, increased sensitivity to antibiotics, and competence of intact cells for 
DNA-mediated transformation without lithium treatrnent Mutation in another constituent gene 
of the Ras2/cAMP dependent signa! transduction pathway,RAS2 Vall9 , is found to result in the 
same set of phenotypes which are also shared by srb1-1 mutants. The Iatter, in addition, are 
unable to grow in the absence of an osmotic stabiliser (13, 17, 23). These mutations, including 
srb 1-1, all result in elevated cAMP le veis and the severity of the different phenotypes shows a 
reasonable correlation with the concentration of cellular cAMP. However, the failure of pde1 
mutants to display the phenotypes, as well as the interaction of these different genes in double 
mutant strains, suggests that gross cAMP concentrations are not the sole deterrninant of these 
effects; the mode or site of production of the nucleotide may be important. These unresolved 
questions probably require the characterisation of the SRB1 gene itself for their resolution. We 
have recently isolated a clone from a single copy yeast genomic library which complements the 
srb 1-1 mutation. The characterisation of this clone will be described. 

The osmotic fragility and increased permeability of srb1-1 ,RAS2 Vall9 and pde2 mutants also 
has practica) utility. In particular, we (9) have demonstrated that intact pde2 mutant cells may 
be transformed with high molecular weight YAC DNA without recourse to the use of lithium 
ions. This no-Iithium transformation technique is less recombinagenic, and shows a lower co
transformation frequency, than the traditional spheroplast transformation method. These two 
features should reduce the incidence of chimera formation when constructing YAC libraries of 
large genomes and, moreover, considerably facilitate the automation of post-transformation 
steps in the construction of such libraries. These, and other, applications of the mutants will be 
discussed in the presentation. 
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23.Venkov PVet al. (1974) Biochem Biophys Res Commun 56: 559-604 
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Three Saccharomyces cerev1s1ae mutants showing autolytic 
phenotype and morphological defects. 

Miguel Sánchez..J?érez. Dto. de Microbiología II. Facultad de Farmacia. 
Universidad Complutense. 28040- Madrid. SPAIN. 

In order to study the genes implicated in the progression in the 
mitotic cycle, morphogenetic events and cell wall integrity, severa! S. 
cerevisiae temperature sensitive mutants were isolated. 

The selection criteria was the ability to lyse and release their 
intraccllular contents at the restrictive temperature of 37°C . We will focus 
the attention in this talk in three of these mutarits; one was generated from 
the haploid strain S288C (lyt 1) and two from the diploid strain D1 (327 
and 918). 

Mutation lytl-1 is pleiotropic: 1-cells lyse when the bud has 
the size of the mother cell . 2- Haploid strains have, at 37°C, the budding 
pattern of diploid strains. 3- Homozygous diploid strains are unable to 
sporulate, even at the pennissive temperature. 

A clone able to complement all these phenotypical tralts was isolated 
after transformation with a genomic library bound to a centromeric vector; 
and carried genes CDC15 and NPK l. Gene CDC 15 complements autolytic 
and CDC phenotypes, but needs the presence of gene NPK 1 to accomplish 
sporulation. 

Three suppressor genes were also cloned using a S. cerevislae 
genomic library, and two human and fission yeast cDNA libraries bound to 
episomic vectrors. SPO 12 was the gene isolated from S. cerevislae and it 
is able to complement lyt 1 mitotic phenotypical tralts. The other two 
clones were only able to complement the defect in sporulatlon. 

In the mutants generated from Dl, lytic phenotype was accompanied 
by morphogenetic defects. Mutant 327 has unusually long buds, a failure in 
cytokinesis, andan increase in the sensitiveness to nikkomirin. CDClO gene 
complemented all the phenotypical traits of this pleiotropic mutant. The 
CDC10 allele present in 327 has been rescued, and chimaeric genes are 
being constructed to map the putative mutation/s. 

Mutant 918 cells are quite heterogeneous in size, sorne of them very 
large, filled with vacuoles, show a random budding pattern and often are 
multinucleated. Cell wall integrity is impaired in strains carrying thls 
mutation, and multinucleated diploid 918 cells sporulate in the presence of 
lM-sorbitolleading to asci containing multiple spores. A 9kb DNA fragment 
which complements both phenotypical traits (cell size and polispores 
formation) was isolated from a S. cerevisiae genomic library in a 
centromeric vector . 
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The Ca2+tCalmodulln·Dependent Proteln Phosphatase Calclneurln Acta 

In a Slgnallng Rathway Requlred for Ion Homeostaals. 

Josa M. Pardo 1, lrt'lelda Mendoza 1, Francisco Aubio2, Alonso Rodrlguez-Navarro2. 

1) Instituto de Recursos Naturales y Agroblologla, ConseJo Superior de Investigaciones Cientltlcas, Apdo. 

1052, Sevllla-41080, Spaln. 

2) Departamento de Microblologla, Escuela Tecnica Superior de Ingenieros Agronom(la, Universidad 

Polltecnlca, Madrld-28040, Spaln. 

Wa use Ssf;charomyces cerevlslae as a model to identify ganes required for 
adaptatlon to hlgh salinlty. Yeast mutants hlghly sensitiva to NaCI are being usad to 
isolate the wild-type genes both from yeast and plants by gane complementation. One 
of these genes aneodes the regulatory subunlt of the Ca2+fcalmodullri-dependent 
protein phosphatase calcineurin. We have shown (Mendoza et al., 1994) that 
calclneurln activity is required for the transition of the K+ transport system from the low· 
affinity to the high-affinlty state. The high-affinity state of K+ transport develops in wlld
type cells in response to Na+ stress, thereby allowing a better discrlrn,qnatlon between 
Na+ and K+ ion8, and by K+ starvatlon. Calclneurin deflclent mutants '3Witch normally 
to the high·affinlty state upon K+ deprlvatlon but not when the cells ar~ stressed with 
Na+. These resul~s lmpllcate two convergent slgnallng pathways lead!ng to the 
activation of the hjgh-afflnlty K+ transport state; only one of them beln9 calcineurin
dependent. Caiclneurln la al so needed for the expression of the ENA ~ gene that 
encodes a P-type ATPase lnvolved In Na+ efflux that is lnduced by NaCI stress in wild
typa ceils. Calcineurln mutants show a reduced aocumulatlon of ENAt mANA due to 
an lmpalred expr~sslon of the ENA 1 gene prometer. Therafore, calcl..,eurln seems to 
play a key role in .a ca2+.dependent slgnal transductlon pathway leatllng to a 
coordlnated response ot lnflux and afflux transporters for approprlate Ion homeostasis 
under NaCI stress. Thls Ca2+/Caloineurln-basad pathway would be CDmplementary to 
the MAP klnasea cascada invoked by increased externa! osmolarity ánd hlgh salt 
(Brewstar et al., 1993; Maeda et al., 1994) becausa calcinaurin mutar')ts ara 
specifically sensi~va to Na+ ions but ara not osmosensitive. 

Referenoea 
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RAFAEL SENTANDREU 
Dept. de Microbiología - Facultad de Farmacia 

Universidad de Valencia 
46100 BURJASSOT, VALENCIA (Spain) 

MORPHOGENESIS OF THE .FUNGAL CELL WALLS: THE PIVOTAL ROLE OF CELL 
WALL PROTEINS. 

The fungal cell walls are tough, stable but 
structures as change contin~ously through the cell 
response to externa! stimuli. In addition some fungal 
alternativa morphology in response to changes 
environment. 

also dynamic 
cycle and in 
species adopt 
in externa! 

Two important questions may address us: What are the advan
tages that lead the microorganisms to change their cellular mor
phology?, What are the molecular mechanisms involved in cellular 
morphogenesis?. 

Th~ steps involved in the regulation of the cellular mor
phology may be the following: l. Changes in "morphogens" present in 
the growth environment. 2. Reception and transduction of the 
corresponding signals. 3. Differential expression of genes 1 4. 
Synthesis and secretion of "morphogenetic" proteins and formation 
of microfibrillar polymers 1 and S. Interaction and assembly of 
maoromoloouloc to produoo tho final arohitooturo of tho ooll wallc. 

The present talk will be focused on the last point but basic 
information about cell wall organization will be also discussed. 
B-glucans are the main structUral polysaccharides of the cell walls 
where chitin is a minar component. The proteins of the fungal cell 
walls may be divided in two groups, one is formed by those loosely 
associated whereas the other by proteins covalently linked to the 
structural polysaccharides (chitin and 8-glucans). 

Hydrolases and chemical reagents have allowed the controlled 
degradation of isolated cell walls and poly- and monoclonal 
antibodies have help to diss.ect the processes of incorporation of 
specific molecules in the cell wall. 

The resulta obtained have shown that all cell wall macromol
ecules are highly interconne:cted. 

The presence of specific proteins in the cell walls in 
parallel with changas in cellular morphology suggests that they 
could determine how other polymers interact and assemble. As a 
consequence 1 the wall proteins may be responsible of the molecular 
organization of the cell walls and of the fungal cell morpholo<¡y. 
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REGULATION OF CELL WALL .13 1, 6-GLUCAN IN Saccóaromyces 
cerevisioe. Howard Bussey, Jeffrey L.Brown, Bo Jiang and Terry Roemer, 
Department of Biology, McGill University, Montreal, Canada. 

W e ha ve explored synthesis of 13 1, 6-glucan, to attempt to understand how cell wall 
polymer synthesis is integrated with growth and morphogenesis . This essential polymer is 
made sequentially in the yeast secretory pathway. and is a glucosyl moeity of 
glycoproteins . Genes wbose products participare in the synthesis of this glucan are found 
cytoplasmically, in the endoplasmic reticulum . in the Golgi , and at the cell surface. Recent 
results indicate thar inputs from multiple signa! transduction pathways regulate 13 1, 6-
glucan assembly. Kre6p is an integral-membrane Golgi phosphoglycoprotein necessary 
for f3 1. 6-glucan synthesis, probably as a glucan synthase component. Kre6p when 
overproduced can partially suppress the osmotic dependence of a pkc/ null mutation. and 
when deleted with pkc/ causes synthetic lethality. pkc/ mutants have reduced levels of cell 
wall polymers and , taken with these suppression and synthetic lethal interactions, our 
results suggest that PKC/ participates in cell wall assembly by regulating the synthesis of 
cell wall components including 13 1, 6-glucan. 
EXO 1 encodes an cell wall glucanaseltransglycosylase implicated in maintaining 13 1, 6-
glucan integrity. Transcription of E./{G 1 is modulated by the P BS2 product, a Map kinase 
kinase associated with the HOG osmosensing pathway. Epistasis experiments indicate that 
P BS2regulation of EYG 1 expression is negatively regulated by the PJYJ product, a type 
2C protein phosphatase. and occurs in a HOOJ-dependent manner. 
Studies on suppressors of mutations in KRE9, a gene encoding a cell wall protein involved 
in 13 1, 6-glucan synthesis. ha ve identified SKN 7, a gene encoding a functional bacteria! 
two component system implicated in the regulation of the yeast extracellular matrix. Skn7p 
contains a potencial "receiver motif" homologous to that found in bacteria! response 
regulators. signa! transducing effector proteins regulated by phosphorylation at conserved 
aspartate resiclue coresponding to 0427 in Slcn7p. Mutations at 0427 can lead to 
diminished or enhanced activity of Skn7p function as a transcription factor, providing 
evidence that a receiver motif functions in regulating the activity of an effector protein in a 
eukaryote. Skn7p. when overproduced , also suppressed growth defects associated with a 
pkc/ mutation. However, epistasis experiments indicare that Skn7p does not appear to 
function directly downstream of the PKC/-MAP kinase pathway. Rather. Skn7p may 
function in a two component signa! transduction pathway that acts in parallel with the 
PKCJ cascade to regulate growth at the cell surface. · 
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BIOSYNTHESIS OF CHmN ANO ITS REGULATION IN S. cerevisiae. CAL3, A GENE 
INVOLVED IN CHITIN SYNTHESIS, IS ALSO REQUIRED FOR MATING. 

Durán, A. and Santos, B. Instituto de Microbiología Bioquímica. Consejo Su :>erior de 
Investigaciones Científicas and Universidad de Salamanca. 37007 Salaman, :a. Spaln 

Three different enzymatlc actlvitles have been implicated in cell wall chitin : ;ynthesls 
in S. cerevisiae, chitln synthase 1, 11 and 111. There is some information at 'out their 
function along the lite cycle of S. cerevisiae but not much ls known 2 bout the 
mechanisms by whlch these activitles are regulated. 

Chrtin synthase 111 activity ls responsible for the majority of the synthesls o cell wall 
chitin in S. cerevlsiae. Three different genes have been detectad, so f: 1r, to be 
required for chitln synthase 111 actlvity In vitro: CAL 1ECSD2~/T101aKT/2, CAL 2e.CSD4 

and CAL3 (CAL term, for this genotype, has been withdrawn and a new ~enerally 
accepted nomenclatura has been adopted for these genes l.e.: CHS3, C I-IS4 and 
CHS5 respectively, standing for Chitin synthesis). 

CHS3 is most probably a structural component of the chitln synthase 111 ac :ivity and 
no precise function has been reportad, up to now, for CHS4 and CHS5 gem,s. In thls 
presentation we report on the isolation and characterizatlon of CHS5 (p1 evlously, 
CAL3). lt is confined in an open reading frame of 2013 nucleotides, encoc ing for a 
protein of 671 amino acids long with an estimated molecular mass of 7364 2 dalton, 
and located on the right arm of chromosome XII close to cdc3 locus. The 1 lredicted 
ami no acíd sequen ce shows two peculiar features: a string of 10 heptameric ·epeated 
blocks (472 to 541 resldues) and a carboxy-terminal tail of severallysine ·esidues. 
CHSS is responsíble for complementing all the phenotypes ascribed to c. lf3echs5 

mutant i.e.: resistance to calcofluor and defect of chitin synthesis both In vil ·o and in 

vitro . Overexpression of CHS5 does not increase chitin synthase 111 actlvit 1 level In 
vitro. Northern analysis indicates the presence of an mANA of 2.1 Kb si2 e whose 
expression pattern appears to be constitutive. Deletion of CHS5 ls not leth¡ ti but, as 
compared to ísogenic strains, pro motes a severe defect in mating in homc 1zygosls. 
Electron microscopy observations and cytoductlon experíments lead to the ce nclusion 
that CHSS Js involved in a very early stage of matíng, besides its role in chrtin 
synthesis. 
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CELL CYCLE-DEPENDENT REGULATION OF p-(1->3)-GLUCAN SYNTIIESIS IN 
SACCHAROMYCES CEREVISIAE 
Ram A. F. J., Brekelmans S. S. C., Klis F. M. 
Institute of Molecular Cell Biology, University of Amsterdam, The Netherlands. 
FAX: +31-20-525 7934. Tel: +31-20-525 7834 

In a search for cell wall mutants, two Calcofluor White-hypersensitive mutants 
(cwlt52 and cwlt53) were identified which showed a reduction in the amount of cell wall 
glucose of 50 and 75%, respectively, indicating that the synthesis of P-(1->3)-glucan was 
severely affected (1). This was supponed by the observation that both mutants had become 
resistant to K9 killer toxin. In contrast, both mutants remained sensitive to K1 killer toxin 
indicating that their ¡3-(1->6)-glucan levels were not significantly affected. The 
corresponding genes were isolated by screening for wild-type resistance to Calcofluor 
White. Partial sequence analysis of the plasnúd able to complement the cwh52 mutation 
showed that it contained the GASJ/GPP 1 gene. This gene encodes a 125-kd protein with 
an unknown function that is anchored to the plasma membrane by a GPI anchor (2, 3). 
Cloning and sequencing of the plasmid complementing the cwh53 mutant showed that it 
contained a new ORF of 5628 base pairs, encod.ing a protein of 1876 arnino acids with a 
molecular mass of 215 kd. A data base search revealed no homology to any known 
sequence. Its sequence predicts that it is an integral transmembrane protein with 
approxirnately sixteen membrane-spanning domains organized into two groups of 
transmembrane domains separated by a large hydrophilic loop. 

Nonhem analysis showed that the transcript levels of CWH53 varied strongly 
during the cell cycle and rapidly increased in late G l. Interestingly, the GASIIGPP 1 
mRNA is al so highly regulated during the cell cycle pealdng late in G 1 before induction of 
H2A mRNA and bud emergence (4). These observations suggest strongly that the 
synthesis of p-(1->3)-glucan is strictly cell cycle-regulated. Additional evidence was 
obtained by studying the ternúnal phenotypes of cells growing in the presence of lethal 
concentrations of Calcofluor. Whereas wild-type cells stopped growing in all phases of the 
cell cycle, sorne mutant alleles of both cwh52 and cwh 53 were arrested just after bud 
emergence indicating a specific role for both genes in p-(1->3)-glucan synthesis during 
initial bud growth. Since pkcl cells show a similar cell cycle arrest (5) and are al so affected 
in P-(1->3)-glucan synthesis (6), both Gaslp and Cwh53p might be downstream targets of 
the PKCJ signal transduction cascade. This is under investigation. 
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0-Giycosylation in Saccharomyces cerevisiae 

T.Immervoll, M.Gentzsch, S.Strahl-Bolsinger and W~Tanner 

Pmt1p (protein mannosyltransferase 1) - an integral endoplasmic membrane protein - catalyzes the 

initial reaction of protein 0-glycosylation in Saccharomyces cerevisiae. This protein was purified to 

homogeneity. The 92 leDa N-glycosylatr,d protein transfers 11'\annose residues from dolichyl 

phosphate-D-mannose to specific serine/threonine residues of proteins, a type of rnannosyltransfer 

only observed in fungal cells so far. The corresponding gene has an open reading frame of 2451 bp . 

The predicted protein consists of 817 amino acids including three potential N-glycosylation sites . 

The · hydropathy blot indicates a tripartite structure of the protein: an amino-terminal third and a 

carboxyl-terminal third, both with multiple potential transmembrane helices and a central 

hydrophilic part. Gene disruption led to a complete loss of in vitro mannosyltransferase activity. In 

vivo , however, protl!in 0-glycosylation decreased only to about 40%-50% (Strahl- Bolsinger et al. 

1993), which indicates at least one additional mannosyltransferase. Recently another gene (FUN 25) 

was found by sequencing a part of chromosome 1 with' a sequence homology of about 30 % in 

comparison to PMTJ anda similar hydropathy blot (Lussier et al. 1994). 

PCR experiments with primers from homologous regions of PMTJ from Saccharomyces cerevisiae, 

FUN 25 and PMTJ from Kluyveromyces lactis (Fleer, unpublished ) yielded two new genes being 

homologous to · PMTJ and FUN 25. We are about to sequence and disrupt the new genes . 

Characterization of the received mutants will show, whether these gene products play a role in 0-

glycosylation. Simultaneously gene disruption of al! mannosyltransferases participating in the 

transfer of the first mannose to 0-glycosylated proteins will answer the question whether 0 - · 

glycosylation is an essentiell process in yeast. 

Strahl-Bolsinger, S. lmmervoll, T. Deutzmann, R. and Tanner, W. (1993) Proc. Natl. Acad . 

Sci. 90, 8164-8168. 

Lussier, M. Gentzsch, M. Scidu, A.-M. Bussey, H. and Tanner, W. (1994) submitted for 

publication 
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INVOLVEMENT OF Slt2p (Mpklp) IN THE MAINTENANCE OF A STABLE CELL 

W ALL IN S. cerevlsiae. 

P. Alvarez, H. Martín, M. Molina and C. Nombela. 

Dpt. Microbiologia II. Fac. Fannacia. Universidad Complutense. Madrid. 

Morphogenesis of yeast cell depends on the synthesis, as.'iembly and controlled 

autolysis of cell wall components to generate and maintain an stablc struclure which is 

rcsponsiblc for cell integrity. The use of a S. cerevisiae autolytic mutant led us to clone a 

protein kinase gene (SLT2) by complementation of its thennosensitive and sorhitol·rescued 

lytic phenotype, as a first evidence of its involvernent in the maintenacc of 11n osmotically 

stable cell wall. Tb.is gene (also named MPKI) codes for a MAP kinase homolog which l1as 

beCll implicated in a PKC-mediated signal transduction pathway. The membcrs of the MAP 
kinase famlly play an important role in the control of cellular functions in diver~~e organisms, as 
the last component of an evolutionary conserved casca de ofprotein kinases. 

By phenotypic challlcterization of null mutants aJld mutants modified in functional 

ami..uoacid rcsidues of Slt2p we have demonstrated tbat cells have a fragile ccll wall when 

exposed to high tempcrature or low caffeine concentrations, so they can only survivc in an 

osmotically stabilized medium, and a change to a hypotonic med.ium lcd to a rapid 

(instantaneous) cclllysis with the release ofthe intraccllular content. This ohservat.ion. and the 

ability of a double mutant s/t2 hogl to grow at high temperature in the presence of sorbitol 

indica tes 11 direct protcction of the O!mlotic stabilizer instead a complement¡¡tion by another 

MAP ki11asc homolog (Hogl) which is induccd by hypertonic stress. We havo also shown that 

slt2 mutants displayed highcr sensitivity than isogenic strains to severa! inhibitors of cell wall 

synthesis su eh as cilofungin, nikkomycin and calcofluor, as expected in cells with a weaker ceU 

wall. 

'Thc phcnotypic features of thesc mutants allowed us to explore a potential 

biotechnological application by developing a system bascd on the release of the bulle of 

intracellular proteins le¡¡ving behind cell ghosts and debris. This system could be useful for 

obtai..ui..ug largc-scale heterologous protein preparations reducing downstream processing. 
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DUAL REGULATION OF TREHALASE ACTIVITY BY THE RAS-cAMP 
PATHWAY ANO GLUCOSE REPRESSION IN Saccharomyces cerevisiae 

Juan-Carlos Argüelles 

Area de Microbiología, Facultad de Biología, Universidad de Murcia. E-
30071, Murcia. Spain. 

Over the past years, the study of severa! yeasts has been chosen as an 
alternative model for getting more insight on the role of RAS genes in mammals. 
Saccharomyces cerevisiae contains two RAS genes highly homologous to the 
human ras genes, which are involved in oncogenic transformation. Exclusively in 
this yeast, RAS proteins appear to control adenylate cyclase. On the contrary, in 
humans RAS modulate a mitogen activated protein kinase cascade (MAP), which 
plays a crucial role in the control of cellular growth . 

In S. cerevisiae, the RAS-adenylate cyclase pathway acts as a nutritional 
transmission signa!. Resting cells sense the presence of extracellular fermentable 
sugars by increasing their intracellular content of cAMP. In turn, this cAMP peak 
prometes a cascade of reversible protein phosphorylation carried out by cAMP
dependent protein kinases (cAPKs) . The so-called neutral trehalase (NTH1) is 
one of the key enzymes phosphorylated and subsequently activated by cAPKs. 
The active trehalase is responsible for the enzymatic breakdown of stored 
trehalose that takes place under different physiological and metabolic situations. 

On the other hand, S. cerevisiae contains another trehalase located into 
the vacuoles. This enzyme was only detectable in glucose-grown resting cells or 
in cultures growing on respiratory carbon sources (glycerol or ethanol) . The 
presence of cycloheximide completely blocked the appearence· of the enzyme. 
The vacuolar trehalase was partially derepressed in the mutant hex2, which is 
deficient in glucose repression. Addition of fresh YPD medium to stationary
phase cultures provoked the slow and irreversible inactivation of vacuolar 
trehalase. Hence, glucose repression is proposed as the regulatory mechanism 
for this second type of trehalase. 
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STTJDY OF AUfQLITIC MUIANTS 327 AND 918¡ IMFUCATIONS IN 
CEil. INIEGRTIY AND MORPHOGENIITIC CONTROL 

Víctor J. Cid, Rosa Cenamor, César Nombela and Miguel Sánchez 
Dpto. de Microbiología TI. Universidad Complutense. Madrid. Spain. 

In order to uncover new fuctions related to cell wall integrity 
we isolated from a diplold S. cerevisiae strain severa! temperature 
sensitlve mutants able to lyse and release their intracellular 
content at the restrictive temperature of 37°C (1). Further studies 
were performed in two of these mutants, 327 and 918, whose lytic 
phenotype was accompanied by morphogenetic defects. 

At a non-permisslve temperature, mutant 327 showed 
wiusually long buds, a failure in cytokinesis, and an increase in the 
sensitiveness to nikkomicin. We found that CDCl O gene 
complemented all the phenotypic traits of thls pleiotropic mutant. 
This gene encocles one of the putative components of the lOnm 
microftlaments ring, which stands in the interna! part of the 
membrane in the region below the chitin-rich iing at the mother
daughter junction (2,3,4). Northem Blot analyses reveal that CDClO 
mRNA is expressed in the mutant. The CDClO allele present in 327 
has been rescued, and chimaeric genes are being constructed to 
map the putative mutation/s in the coding region of 327's CDClO 
gene. In order to identify other genes involved in the regulatlon or 
function of CDClO, we are also carring out the transformation of thls 
mutant with cDNA librarles included in vectors that promotc 
overexpresslon . 

Unlike 327,918 mutantwas able to sporulate so segregational 
studies were performed, leading to the conclusion that it carrled a 
recessive mutatlon responsible for a peculiar phenotype: cells are 
quite heterogeneous in slze, some of them very large, ftlled with 
vacuoles, showing a random budding pattern and often 
mulrinucleated. Spores carrying this mutation were remarkably 
sensitive to severa! antlfungal drugs, among them echinocandin B 
and papulacandin B, which affect glucan synthesis. Phenotypic 
characterizations show that cell wall integrity is.lmpaired in strafns 
bearing this mutation. Multinucleated diplold 918 cells sporulate in 
the presence of 1M-sorbitol leading to asci containing multlple 
spores, which we call "poliads". 

We have isolated a 9kb DNA fragment from a S. cerevülae 

genomic library in a centromeric vector which complements both 
phenorypical traits: cell size and paliad formation. 

l. Cid, V. J., Sánchez, M. nnd Nombela, C. (1994) M/croblol. 140 p559-5&8. 
2. Hanwcll, l. H.(1971) F.xp. Cell Res. 69 p265·276. 
3. Kim, 11. B., Haarer, B. K. and Prlngle, J. R. (1991) J. Ceii Blol.llZ p53S-544. 
4. Hcscher, E. G., Madden, K. antl Snyder, M. (1993) J. Ccll Hlol. 122 p373-386. 
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Surl, 111ppressor or rvs nwt11nts, also suppreu the therrnosenslti,·lty or actl-1 and 
syothetlc lelhallly or flrsl6UJ, nctl-1 mut11ntt. Dt.srargu L., A. Breton, M. Bonneu, 
M. Crou:tet, P. Durrcna, J.C. Le Ball, P. Navarro, P. Sfvadon and M. Algle. L11boratolrc 
de a~n~Cique, UPR CNRS 90261 Allée du Cacult~s, F33~05 TAT.ENCE. 

Mutations in RYS/61 and RVSJ67 genes ha ve been sclected on thc basis ofltn inabllity to ttop 
budding u pon atarvation 1. These mutations also confer a loss of cell vlability logcthcr with an abnonnal 
and bctcrogoncoua cell n\Orphology upon starvation conditions. Thc fi/J m11tants oxhibit tho san10 
pleiotropic phcnotypcs lf actin dcficlcnt atrains. In particular, these mulants dispL'\y abnorrnal 
distribution of ac:tin, random budding in diploid celia and thc inabillty to carry on ondocytosis (H. 
Riczman, personal communlcation). 

In N-terminal region of thc two Rvsp, tho ~roteins aequenoos share similarity ftnd define thc 
RVS doma in whlch ls found in chicleen amphiphysin , a Syrulptic vcsicle atsociat~ protoln with SH3 
domaln. Moreovor, similaritica are found bctwocn thc Rvap and humanmyosln and tropornyosin protcin 
sequences. Rvsl67p contains an 5113 domain in tilO C·tenninal region, whieh is found, in pRrticular, in 
severa! protoins that intcract with aolin such as Bemlp, Abplp and Slalp 3

• Bcsido, usin¡¡ the 
two-hybrid sy1tan lo idcrtiry yeast protein that can bind with actin, Rvsl67p was fou11d alons with 
aotin, profilin and Srv2p . Thcso recont data suggest Rvsp could physicalfy blnd aetln. Finatly, some 
diplolds (M/61/+, actll~) revul no11 allclio non complcmcntation whlch is depend011t on actin gene 
allclc. Thc (rv~/61, actJ.J) double mutnnl dlsplays synthctic sub-lcthality. n\C$C common defeets 
sharod by rvs and ac/J mutants, thc non alielic non complementation and \he sclcction of Rvsl67p by 
two-hybrid systcm desoribod above, lndicate thnt Rvsp and acli11 are implicatcd In a common r~nction . 

To 1cam moro about rvs functlon, we selcctcd physiological suwrcssors of flls161 A 
n1utation6

. Four oom¡llemcntatlon groups nnmcd SUR/, :J, J ond 4 wcrc dcnncd. In cach case, the .,ur 
mutations 5\lppress thc (rnl61), (t'VI/67) and (m/6/, rv.f/67) defccts, henco thesc1 genea are 
implica\~ in thc s.,mc biological function . 111e .wrl mutlltion suppres~cs the random budding dcfcct in 
rvJ/6/ diplold, thc ondooytosia defect 11nd the abnom1t1l distribution of actin in an rvs/61 gcnctic 
background. The sur mutlltion~ also show Rbnormnt morphologics in early alalionary phase (c.a. 
elongatod bud~). 

In trCtl·l bacl<ground th~ sur/ mut~tion suppreues diffcrent efft!C!S : i) thc scnsitivity \0 salt 
of ac:t1-/, ii) tht.; thcmloscnaitivlty at 37"C oractl·l, iii) the sub·lethat!ty of(rvs/61, acll ·1) nmtnnt. 

The 111rl gene ls not an csscntial gene and its dclction is a supprcssor allele as the initial 
mutlltion. Surlp is a putatlvc proteln o( 382 amino·acids with a pHi of 9.3. The low transcription and 
translation ratos agreo with the low codon bias indcx (0.08). Furthcm1orc, a Mntalp/Matc:tlp rcprcssor 
binding sito conawsus acqucnce was found in thc SURi promotcr. TI1is gene could be rc¡¡ulatcd b)' 
mating typc although no regulation wa~ f01md in the teRted conditi1\ns, so fnr. 

In aummftry, tho fl/s mutants shar~ numcrous dcfcets with ac/J mutant and could be 
implioated in a t'unction of alftbilization of actin cytoskclcton. Dccausc tho turl mtllation allcviatcs 
actl-1 defeets, suppresscs thc abnormal distribution of actin in fi/S nm!Rlll and in pnrticul11r oonditions 
lc.,ds to etongated shapo ~11. this su¡¡gests that Sur! p rould be ft regulator of stnbilirntion ur 
reorganization of actln cytoskclcton. 

1 Crouzct. et al., Ycast (1991) 7, p 7p-743 . 
2 Llehtc ct al., BMBO J. (1992) JJ, p 2521·2530. 
3 Baucr el al., Mol. ('~11 Dio!. ( 1993) 13, p ~070-~0R4 . 

4 Amberg el al., (1994) Yt~c1SI Gcn~iic~ nnd Molceular Biolo¡,¡y Meeting, Seatlle. 
S Desfargos et al., Yeast (1993) 9, p 267-277. 
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Protein tyrosine phosphorylation and glycosylation in C a/bicans. Role of GRB2- and 
SOS-like proteins in cell growth and myceliation 

We have studied growth and germ tube forrnation in C. albicans under severa! cell culture 
conditions. It was found that: 

1- In the presence of a carbon source, Ca2
• and Mg2

• stirnulate cell growth at 28°C in a pH

dependent manner. 

2- At 3rC, C. albicans can generate germ tubes in a cation-free medium, instead, addition 

of Mg2
• accelerates, but Ca2

• induces an irreversible inhibition. 

3- N-acetylglucosamine seems to be a key rnolecule in the process of germ tube forrnation 

when other sugars are used as a carbon source. 

4- Glycosylation with N-acetylglucosamine and tyrosine phosphorylation of severa! proteins 

are detected during growth and rnyceliation of C albicans, such biochemical events are 

regulated by Ca2
• and Mg2

•. 

5- GRB2 and SOS (CDC25 homolog), are two proteins involved in cell growth and 

differentiation of eukaryotic cells, they also seern to play a role in the growth of C. albicans 

and S. cerevisiae. 
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HSPI2 gene expression i~ Saccharomyces cerevisiae: monitor of 
osmotic stress 
W.H. Mager, J.C.S. Varela and R.J. Planta 
Department of Biochemistry and Molecular Biology, IMBW, BioCentrum Amsterdam, Vrije 
Universiteit, De Boelelaan 1083, 1081 HV Amsterdam, The Netherlands 

Exposure of yeast cells to high externa! osmolarities evokes the socalled osmostress response. 
Most likely, both osmoregulatory and general stress reactions are involved in this poorly 
understood process. Part of the response aims at raising the interna! osmotic potential, i.e. the 
production of osmolytes like glycerol, and exclusion of toxic solutes. In addition, heat shock 
proteins and trehalose are synthesized, to protect cellular components and mediate repair and 
recovery. We use the gene encoding the small heat shock protein Hsp12 as a model for 
investigating osmostress-induced changes in gene expression in S. cerevisiae. Hsp12, one of the 
two small heat shock proteins of S. cerevisiae, accumulates in response to osmotic and heat stress 
and upon entry of a yeast culture into stationary phase. This small Hsp displays the strongest 
induction upon osmotic stress of all yeast proteins, as can be judged from comparative 2D analysis 
of [3H]leucine-labeled protein extracts. In collaboration with Dr. P. Meacock, Univ. ofLeicester, 
UK, we initiated the dissection of the HSP 12 promoter region in order to identify cis-acting 
elements and trans-acting factors involved in the regulation of this osmo-responsive gene. For this 
purpose, a DNA fragment containing 3300 bp of the HPS12 5'-flanking region was cloned from 

a yeast genomic DNA library and placed immediately upstream of the GUS (~-glucuronidase) 
reponer gene. 5' deletions were generated and the transcriptional activity of the resulting HSP 12-
GUS gene fusions was determined. Data obtained so far suggest that two upstream activating 
sequences (U AS) con tribute to the induction of HSP 12 upon osmostress, whereas at least two 
repressor si tes (URS) are needed to prevent transcription of the HSP12 gene under non-stressful 
conditions. Both positive and negative cis-acting elements were mapped in the most proximal 600 
bp of the HSP 12 5'-flanking region. Furthermore, we show that the Heat Shock Factor (Hsf) 
apparently does not play a major role in the activation of the HSP 12 gene either upon osmotic or 
heat stress, since similar mRNA levels accumulate in stressed hsf1-m3 cells at the restrictive 
temperature, as compared with an isogenic wild-type strain. However, mutations in the Pbs2-
Hog 1 pathway do affect the induction of the HSP 12 gene in osmo-shocked cells. In order to shed 
light on the possible function of HSP12 and HOGJ gene products and their effect on the 
expression of other stress-induced genes, we overexpressed the HSP 12 and HOG1 genes and 
exarnined the osmotolerance acquisition as well as the expression of the HSP 12, HSP26, and 
HSP82 genes in these yeast strains. 
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J<'EATURES OF Slt2p (Mpklp) F1JNCTION IN YEAST CELL INTEGRITY. 

Martín, U; Soler, M; Castellanos, M; Molina, M; Sánchez, M and Nombela, C. 

Dpt. Microbiología 11. Fac. farmacia. U. Complutense. Madrid. Spain. 

Protein kinases are components of a number of signa! transduction pathways 

involved in intraceUular signa! transmission. In last ycars, sorne biochcmical and genctic 

studies ha ve elucidated a cascarle of three sequentially activating protein kinases Úlat act 

as a conserved functional module in a wide variety of signal transduction pathways in 

diverse organisms. M A P kinases are tite last elements of this module of protein kinascs, 

participating as key molecules in the signalling process. Among others, a S. cerevisiae 

MAPK cascade essential for cell intcgrity, functions in a signa! transduction paÚlway 

mediated by protein kinase C. Sorne screens and epistasis experiments have becn useful 

to elucidate the ~;teps downstream ofPkclp, that include thc sequentiall participation of 

Dcklp(Slklp), Mkklp!M.kk2p and tbe MAP kinase Slt2p (Mpklp). By using the "two 

hybiid" system we havc demonstrated that Slt2p interact in vivo with Mkk 1 p and 

Mkk2p. 

SLT2 gene was isolated in our laboratory by its capacity to complement thc 

autolytic phenotypc of lyt2 mutants. We have boili rescued and amplified by PCR the 

SL 7'2 allele of sevcral/yt2 strains. The recovered alleles were non fimctional as they were 

unable to complcment the lytic phenotype of slt2L1 and Iyt2 strains. Nuclcotide 

sequencing have allowed us to identify the mutation which abolish SLT2 function: an A T 

to GC change detem1ined a non-conserved substitution of aspartic a cid for the glycine at 

position 3 5 of the amino a cid sequencc. Gly35 is the third glycine of a glycine cluster 

(Gly-X-Gly-X-X-Gly), a conserved region in protein kinases and othcr nuc\eotide 

binding proteins. We have also shown by Westem blot that this mutation did not affect 

the structurc ofthe mutant protein. These evidences show that lyt2 mutation is aUelic to 

SLT2 geue and that this glycine is essentinl for Slt2p activity. 
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Cloning and functional characterization of MKC1, a 

Candida albicans MAP kinase related to cell growth 

and cell walllntegrity 

Navarro García, F., Sánchez, M., Pla, J. and Nombela,C. 

Departamento de Mtcrabiologla JI, Facultad de Farmacia, Universidad Complutense 
de Madrid, 28040 Madrid, SPAIN 

Recent work in Saccharonryces cerevisiae has led to the identification of difl'erent signa! 
tnmsduction pathways, amoug them, the PKC 1 -mediated pathway. 'lltc fact that mulants 
defcctive in elcments of this last pathway display a lytic phenotype (which is at 1t:a~>1 

partially complemcutable upon addition of osmotic stabilizers to the medium) suggests a 
role for this pathway not only in ccll growth but also in the construction of stablo cell 
wall. In aU these cases, phosphorylation secms to be the mechanism used by the cell to 
tnmsmit the signa! to the transcription macb.inery, thus allowlng tho generation of 
different cellnlar responses. 

In order to obtain inform.1tion couceming tho role of this cascade in pathogenic yeat.ts, 
we have \JD.dertaken the isolation of the C. a/bicnns homolog of the S. cerevtslae MAP 
kinase coded by the SLT2 gene. A search for complcmentatiou ofthe lytic phenotypo of 
S. cerevisiae slt2t1 mutants using 11 episomal genomic library ·yielded a DNA fragment 
able to partially complement the mutant phenotype, in which a single ORf of 502 aa 
(predicted Mw 58.32 kDa) was found. The gone was 1\amed MKCJ (Map K,inase of 
Qandida) and belongs to the MAP kinase family. Mkclp is 55% identical to Slt2p, 
45.8% to Fus3p, 36.8% to Hoglp at\d 42.3% to Ceklp, a Candida fus3p/Ksslp 
homolog. Dueto the natural diploidy ofthis yeast and lnck ofscx:ual cycle, the disruption 
of MKC 1 in C. albicam was achicved by homologous recombination in a two step 
procedurc using URA3 as selectable marker. mkcl t1 hómozygous strains display an 
osmotic ren1ediablc caffeine hypersensitivity and thermosensitivity at 42°C, as well as 
reduced viability in stationary phase, phenotypic traits also found in S. cerevlsiae .slt2 
mutants. In addition, sorne novel features are found: first, the tolorance to thcnnal shocks 
at 55°C is much more llmited when compared to wild type strain; second, they are more 
scnsitive to ccll wall digestion, indicating a probable dofect in ceU wall st.ructure; finally, 
they display some characteristic morphological changes which result in difi'erent colony 
morphology in. high salt media and ability to undergo the morphological transition. These 
results not only suggcsts the prosence of the PKCJ-mecliated pathway in this urganism 
but also evidenccs the key role played by this MAP kinase in normal cell growth. 
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Several Pathways Regulate Potassium Transport 
in Saccharomyces cerevisiae. 

José Ramos. 
Departamento de Microbiología. Escuela Técnica Superior de Ingenieros Agrónomos y Montes. 
Universidad de Córdoba. Córdoba. España. 

Yeast cells accumulate high concentrations of potassium to fulfill their 
cellularrequirements. The regulation of potassium transport is a complex process 
in which factors such as membrana potential, cellular pH or the potassium content 
of the cell, are importan! regulatory factors in Saccharomyces cerevisiae (1 ). 

Our group has recently shown that, in addition to the above mentioned 
factors, the presence of glucose or other fermentable sugar in the medium 
activates the process of potassium transport (2). lt increases the velocity of 
transport, without affecting the affinity of the carrier and requires the sugar to be 
transportad inside of the cell. The presence of a functional kinase able to 
phosphorilate the sugar is also required but, apparently, not further metabolism of 
the sugar it is necessary, since 2-deoxiglucose also increases the velocity of 
potassium transport. 

Recent results suggest that a new pathway, similar to the PIP2 pathway of 
mammalian cells, may be involved in the regulation of potassium movements in 
yeast. According to this idea, very low concentrations of calmidazolium and 
compound 48/80 which inhibit calmodulin dependen! processes and protein 
kinase C in mammalian cells, inhibit almost completely potassium transport in S. 
cerevisiae. This inhibition occurs, both in wild type cells and in the different 
potassium transport mutants available, suggesting that it really affects a ditferent 
process. We have isolated severa! mutants resistan! to Calmidazolium and to 
compound 48/80. They show higher capacity to transport potassium than the wild 
type.The characterization of these mutants from a molecular biologie point of view 
is now in progress. 

1.- Ramos, J., Ha ro, R., Rodríguez-Navarro, A. (1990). Biochim. Biophys. Acta. 1029:211-217. 
2.- Alijo, R., Ramos, J. (1993) . Biochim. Biophys. Acta. 1179:224-228. 
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CHARACfERIZATION OF THE YEAST (1--+6) - ~-GLUCAN 

BIOSYNTHETIC COMPONENTS, Kre6p AND Sknlp; AND 
GENTE TIC INTERACTIONS BETWEEN THE P K C 1 
PATHW AY AND EXTRACELLULAR MATRIX ASSEMBL Y. 
T. Roemer, G. Paravicini, M. A. Payton, and H. Bussey. 
Department of Biology, McGill University, Montreal, 
Canada H3A lB l. 

A characterization of the S. cerevisiae K RE 6 and S K N 1 gene 

products extends previous genetic studies on their role in 

(1--+6)-~-glucan biosynthesis. KRE6 and SKN1 are predicted to 

encode homologous proteins that participate in assembly of the 

cell wall polymer (1--+6)-p-glucan. KRE6 and SKN1 encode 

phosphorylated integral-membrane glycoproteins, with Kre6p 

likely localized within a Golgi subcompartment. Deletion of 

both these genes is shown to result in a dramatic 

disorganization of cell wall ultrastructure. Consistent with 

their direct role in the assembly of this polymer, both Kre6p 

and Sknlp possess C-terminal domains with significant 

sequence similarity to two recently identified glucan-binding 

proteins. 

Deletion of the yeast protein kinase C homolog, P K e 1, leads to a 

Iysis defect. Kre6p when even mildly overproduced, can 

suppress this pkcl lysis defect. When mutated, severa! K RE 

pathway genes and members of the P K e 1-mediated MAP kinase 

pathway have synthetic lethal interactions as double mutants . 

These suppression and synthetic lethal interactions, as well as 

reduced ~ -glucan and mannan levels in the p k e 1 null wall, 

support a role for the P K e 1 pathway functioning in cell wall 

assembly. P K e 1 potentially participates in cell wall assembly 

by regulating the synthesis of cell wall components, including 

(1--+ 6)-~-glucan . 
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Funct~o~al analysis of CALI gene of Saccharomyces 
cerev1s1ae. 
C.Roncero, T .Cos and A. Duran. 
Instituto de Microbiología Bioquímica. CSIOUniv.Salamanca. 
Avda. Campo Charro s/n. 37CXJ7. Salamanca .Spain. 

The gene CALJ of S.cerevisiae encodes for the chitin synthase III 

activity. This activity is the responsible of the majority of chitin biosynthesis 

in this yeast. However this gene shows only limited homology to other 

chitin synthases described so far. This study focus on the functional 

characterization of CALJ gene and its prq<iuct. 

CALJ has not significant homology to other chitin synthases in their 

carboxy-terminal region, that result could suggest that this region is highly 

important for the specific function of this gene.We are analyzing the function 

of this carboxy region through in vitro mutagenesis. Our results clearly 

show that this region is essential for function. The phenot}rpe of different 

truncated proteins have been analyzed in vivo by measuring chitin 

biosynthesis, resistance to calcofluor and pattem of chitin deposition. 

Preliminary data indicated that this domain could be implicated in mediating 

proteinlprotein interactions. We are currently analyzing the effect of these 

truncated proteins in the chitin synthase m activity. 

In addition, using PCR amplification, we ha ve just shown (Roncero 

etal., submited) that CALJ is conserved among yeast and fungi. The degree 

of conservation in the amplified region is very high, suggesting that the 

function of this gene is highly conserved. 

Our results will be discussed in relationship with the role of CALJ and 

homologous genes in chitin synthase II1 activity and in the biosynthesis of 

chitin in yeasts and fungi. 
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lyt 1-1: a cdc Jike Saccharomycu urtvisitU mutut sbowing alteration in tbe budding 
pattem, autolysis in the mitotic cycle and impaited sporulation. 

Autores: M. Yuste, J. Jiménez, O. Molero, M. Sánchez and César Nomhela. 

We have descrihed lytl-1 mutation In S. cerevisiae as a pleiotropic one that detennines 
severa! phenotypic tralts. Among then are a thermosensitive arrest of the mitot:lc cycle that occun 
in cell with buds of the size of a daughter cell, a thermosen.~tive cell lysis, a thermosensltive 
alteration of the budding pattem that changes from axial to polar in haplold strains and a laclc of 
sporulation capacity of homozigous diploid, (1). 

Transformat:lon of this mutant with a genomic library bound to a centromerlc vector 
permitted the isolation of a clon that was able to complement the aforementioned phenotypical 
traits, and carried genes CDC15 and NPKJ. Gene CDCJ 5 complements autolytic and Cdc 
phenotypes, but needs the presence of gene NPKI to accompllsh sporulation; These results may 
indicate the existence, In mutant Lytl, oftwo mutations in contiguous genes (CDC15 and NPKJ); 
in spite of the fiu..-t that previous experiments (2) seem to indicate the existence of a single mutation. 
Alternatively, gene NPKJ may be needed for sporulation only in a lytl-1 background. 

CDC 15 encodes a protein-kinase implied in the deactivation of the complex CDC28-cyclins, 
and it is necessary to surpass the "END" polnt of the cell cycle (3). 

On the other hand, gene SPO 12 was isolated a~ a suppre.~sor of Lytl m\totic phenotypical ttaits 
(1), and suhsequent experiments have demonstrated that it also suppress mutant Cdcl5 phenotype. 
Two other suppressor genes were also cloned using cONA human and fission yeast librarles, and lytl 
as the reciplent strain. Both of the clones isolated were only able to complement the defect In 
sporulation. 

REFERENCES 

1- Molero O. Yuste-Rojas M., Monte.~i A., Vázquez A., Nombela C. and Sanchez M. (1993) A 
cdc-like autdtytic Sacclulromyces cerevisiae mutant altered in budd.ing site selection is 
complemented by SPO 12, a sporulation gene. J. Bacterlol. 175: 6562-6570. 

2- Nomhela C. and Santamarfa C. (1984) Oenetic of yeast cell wall autolysis. Microbial cetl wall 
synthesis and autolysis. pp. 249-260. (Nombela C. ed.). Elsevier Science Pubtishers. Amsterdam. 

3- Surana U .• Amon A., Dowzer C., McOrew J . , Byers 8., Nasmyth K., (1993) Destruction of 
the CDC28/CLB mitotic ldnase is not required for the metaphase to anaphase transition in buddlng 
yeast. EMBOJournaJ 12: 1969-1978. 
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FARl is required for polarization towards a mating partner during 
col'\iugation in S. cerevisiae. 

N. Valtz and I. Herskowitz, Dept. ofBiochemisti-y and Biophyaics, 
University ofCalifornia San Francisco, San Francisco, CA 94143. 

S. cereuisiae exhibits polarized cell growth during two phases ofits 
life cycle: bud emergence and mating. This polarity is manifested in the 
oricntation of the cytoskeleton and the localization of secretion. We are 
interested in identifying genes required for a cell to locate its partner 
during mating. 

We are using two assays to analyze a collection ofmutants which 
are good candidates for cells defective in finding a mating partner. These 
mutants exhibit normal cell cycle arrest and shmoo formation in the 
presence ofpheromone but are defective in mating. The ability ofthese 
mutants to polarize their growth towards a source of pheromone is being 
determined using a direct microscopic assay in which MAT i! cells are 
presented with a gradient of alpha factor (Segall, 1994). 

A second assay for the ability to locate a mating partner 
determines the mating frequency of each mutant strain under specific 
conditions. This experiment quantitates the mating of a MATa cell toa 
wildtype MAT alpha partner in the presence of a vast excess of alpha 
factor. It is widely accepted that a cell experiences a gradient of 
pheromone during col'\iugation and uses this gradient to locate its mating 
partner. If a. wildtype cell mates in an excess ofpheromone, a dramatic 
reduction in its ability tomate is seen (approximately 100 fold). We think 
this is because the added pheromone disrupts the cell's ability to locate 
its mating partner since the pheromone gradient is destroyed. Any 
mutant unable to locate its mating partner should not display a further 
reduction ofmating frequency in this assay. The advantage ofthis assay 
is that much larger numbers of cells can be analyzed. 

U sing these two assays we ha ve identified four mutants which 
cannot polarize towards a source ofpheromone. All ofthese mutants 
carry alleles of FARJ effecting the C terminus ofthe protein. It has long 
been known that the C terminus ofFarlp is required for mating, 
independent of the protein's role in cell cycle arres t. (In fact these 
mutants all cell cycle arrest normally.) These resulta suggest that Farlp 
functions during conjugation to locate the mating partner spatially. We 
are interested in pursuing how it does this. 
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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 T~enty-First Century. Vega. 

Organizers: F. Alvarez 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. Puigdomemech. *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. Disease. 

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

anisms in Evolutionary Perspective. 
*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 Molecólar Biology and 
Ecology of Gene Transfer and Propa-
gation Promoted by Plasmids. 
Organizers : C. M. Thomas , E. M. H. 
Wellington , 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 
RNA 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 Human and Experimental Skin Carcin
ogenesis 
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 and 
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. X. Avilés, M. Billeter and 
E. Ouerol. 
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The Centre for Intemational Meetings on Biology 
was created within the 

Instituto Juan March de Estudios e Investigaciones, 
a prívate foundation specialized in sc ientific 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 fi e ld of Biology, 
through the organization of Workshops, Lecture 

and Experimental Courses, Seminars, 
Symposia and the Juan March Lectures on Biology. 

In the last six years, a 
total of 70 meetings and 6 

Juan March Lecture Cycles, al! 
dealing with a wide range of 
subjects of biological interest, 

were organized within the 
scope of the Centre. 



The lectures summarized in this publication 
were presented by their authors at a workshop 
held on the 28th through the 30th of November, 
1994, 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. 


