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PREFACE 

Rosario Lagunas. Instituto de Investigaciones Biomédicas del CSIC . Madrid. SPAIN 

Ten years ago a smali group of scientists working in the field of yeast transport and 

energetics decided to join once a year to discuss their results and projects. Their aim was to 

organize small meetings in this field in a very informal and provocative atmosphere. lt was 

expected that, in this way, ali participants, no matter how experienced they were, would feel 

inclined to express their ideas and criticisms. So "Small Meetings on Yeast Transport and 

Energetics .. (SMYTE'S) started and proceeded since then . 

Last year in Zvikovské Podhradi (Czechoslovakia) it was decided that, in 1991 , the 

SMYTE would take place in Madrid and Alonso Rodríguez-Navarro and myself we_re in charge 

of its organization. The Fundación Juan March generously accepted to support the meeting 

including it in its prograrn on lnternational Meetings on Biology. All of those who know 

Andrés Gonzalez, of the Fundación Juan March, would readily understand that alter this 

acceptance the organization of the meeting was for us indeed a very easy task. 

The meeting was divided in 9 sessions that included 38 oral presentations covering most 

relevant areas ol research in yeasl ions channels, 1ranspor1 systems, and A TPases. In 

addition, 4 general discussions related with these topics were organized. The total number of 

participants was 55. Among them, 16 carne irom Spain and the rest were foreing guests 
; 

mainly from Europe and a few of them from USA, Mexico and Israel. 

In the name of ali participants 1 would like to thank the Fundación Juan March for its 

invaluable support. lt was the Fundación who made possible a meeting that will remain in the 

memory of ali of us. 1 want also to thank the participants for their lively discussions and 

their generous exchange of information that so much contributed to the success of the 9th 

SMYTE. 
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A possible gene coding for K+ transport in Kluyveromyces lactis 

M. Miranda, A. Brunner, R. Coria and A. Peña. Dept. of Microbiology, 
Instituto de Fisiología Celular. Universidad Nacional Autónoma de 
México. Apartado 70-600. 04510 México D. F., México. 

A mutant of Kluyveromyces lactis def icient in K+ transport was 
isolated by selecting clones resistant to 20 uM ethidium bromide 
in agar plates (Brunner et al., Arch. Biochem. Biophys. 217: 30-
36, 19J6). Ethidium bromide is a competitive inhibitor of K+ 
transport in S. cerevisiae (Peña and Ramírez; J. Membr. Biol . 22: 
369-384, 1975). The study of the mutant showed a requirement of 
more that 10 mM KCl in the medium for growth. Mutant and wild 
type cells showed significant dif ferences in the kinetic 
constants for Rb+ transport. In the mutant, the Km for Rb+ 
transport was 20 time higher than in the wild type cells (from 
0.5 mM to 10.4 mM). The values of Vm were 8.35 and 1.46 nmol 
(min.mg)-1, for the wild type and the mutant yeast, respectively. 

The mutant was crossed with a wild type strain, and the diploids 
Kdm-/Kdm+ were grown in media with 1 mM potassium medium (LSKl). 
The growth of these diploids was similar to that of the diploids 
Kdm+7Kdm+, showing that the mutation is recessive. 

A heterocygotic diploid was allowed to sporulate, and the 
dissection of the cross revealed a typical mendelian seggregation 
pattern for the phenotypes Kdm- EBR/Kdm~ EBs, indicating that the 
mutation is nuclear, and also that the resistance to ethldium 
bromide and the de[lclency of potasslum tr;111sport are provlded hy 
the same gene, or are in two genes seggregatlng together. 

One recombinant Matd..Kdm- EBR was selected and transformed with 
the TRKl-1 gene from Saccharomyces cerevisiae, kindly donated by 
prof. R. Gaber, and no complementation was found for the kdm 
mutation of K. lactis. A genome fragment from K. lactis 
complementing the trkl~mutation of Saccharomyces cerevisiae did 
not complement the kdm mutation in K. lactis, indicating that the 
mutation does not correspond to the TRKl-1 locus. In this moment, 
we are transforming the mutant with a K. lactis bank, to obtain 
the fragment that complements the mutation of this strain. 

This fragment may be involved in the codification for K+ 
transport in K. lactis, since the phenotype of resistance to 
ethidium bromide seggregates together with that of deficient 
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potassium transport. lt is also interesting that ethldium 
bromide, the agent used to select the mutants, behaves also as a 
competitive inhibitor of potassium transport in yeast (Peña and 

Ramírez, J. Membrane Biol. 22: 369-384, 1975). This mutation, 
besides, seems to occurr in a locus different to that of the 
TRKl-1 gene cloned and sequenced by Gaber et al. (Mol. Cel. Biol. 
8: 2848-2859, 1988). 
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TURNOVER OF THE K1 TRANSPORT SYSTEM IN Saccharomyces cerevisiae 

Begoña Benito, Enriqueta Riballo and Rosario Lagunas. 
Instituto de Investigaciones Biomédicas del CSIC. 
Arturo Duperier, 4 
28029-Madrid. SPAlN. 

Most enzymes in Saccharomyces cerevisiae are fair·ly stable 
maintaining their catalytic activities for long periods under 
different metabolic conditions. Sugar transports behave differently 
in this respect since a rap.id .inactivation is observed upon 
inhibition of proteinisynthesis. This inactivotion is an ener9y 
dependent process stimulated by fermentable substrates and is 
apporently due to proteolysis. To see whether a low stability is a 
pecularity of sugar transports or also affects to other carriers of 
the yeast plasma membrone we hove investigoted the stobility of the 
K1 transport system. To this end we hove followed its octivity upon 
inhibition of protein synthesis by addition of cyclohexJmide. 

Activit~ of the K1 transport. system has been measun~d by 
fol lowing Rb uptake using otomic absorption spect.rophotomet.ry. 
Addition of cycloheximide to glucose growing yeast produced a 
decrease in the Rb1 uptake that followed first order kinetics 
indicating a half-lifefor this carrier of about 3.5 h. When instead 
of glucose ethanol was present as energy source the inactivation 
occurred at lower rate and, in this case, a half-life of about 15 
h could be calculoted. 

The described decay in the Rb1 uptake could be due to the 
turnover of the carrier as well as to a decrease in the plasma 
membrane potential due to a decrease in ATPase activity. We have 
checked this possibility using two mutants with reduced expression 
of plasma membrane ATPase. The results obtained strongly indicate 
that. the rapid inactivation of the K1 transport observed in the 
presence of glucose is not consequence of a decrease in the 
activity of ATPase but mainly due to the unstability of the carrier 
itself. However, much greater contribution of ATPase to the K1 

transport inactivation take place when, instead of glucose ethanol 
was present. 

In conclusion, the results obtained in this work indicate 
that, similarly to sugar transport systems, K1 transport system is 
less stable than the bulk of proteins of S. cerevisioe and that it.s 
unstability is increased by the presence of fermentable substrates. 
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Accumulation of strontium by vacuolar protein targeting mutants of 
Saccharomyces cerevisfae 
H.-P. Bode, M.Dumschat and G.F.Fuhrmann 
Institut für Pharmakologie und Toxikologfe, Phflipps-Universitat, Karl-v.-Frisch-Str., 
Lahnberge, 3550 Marburg, FRG 
In addition to our studies about dfvalent metal catfon accumulation fn vacuolar 
mutants reported previously (1), we have now examined accumulation of strontium 
by these mutants. With respect to fts chemical properties as well as its behavfour 
in biological systems strontium is very similar to calcium. The use of strontium 
instead of calcium, facilitating the application of certain methods, is therefore 
suitable for the investigation of cellular calcium transport and sequestration. 
We found that both vacuolar mutants examined by us preferentially, vpt 16 and 
vpt 13, d?iplay decreased accumulation of strontium fn comparison with the respective 
parental strains. vpt 16 is devoid of any intracellular structure resembling a 
vacuole, whereas vpt 13 has a morphologically normal vacuole, but is impafred in 
vacuolar acidification, most likely due to deficient assembly of the vacuolar 
proton pump subunits (2,3). In both mutants strontium accumulation was decreased 
to a similar extent. Thfs was the case at external strontium concentrations 
between 10 µM and 5 mM. This demonstrates the function of the yeast vacuole as 

a strontium or calcium store as well as the essentiality of the proton gradient 
across the vacuolar membrane for this function. 
Our results obtained with intact cells therefore support the current view about 
vacuolar calcium sequestration in yeast by a calcium proton antiporter, which 
is based mainly on the experiments by Ohsumi & Anraku with vacuolar membrane 
vesicles (4). However, the fact that decreased strontium accumulation by the 
vacuolar mutants was apparent even at low external strontium concentrations 
is somewhat in contrast to the rather low calcium affinity (Km 100 µM total 
calcium), which has been reported for the vacuolar calcium proton antiporter 
by Ohsumi & Anraku. Our results imply that the yeast vacuole is permanently and 
predominantly operative as an intracellular calcium store in yeast. 
A considerable strontium uptake capacity remains in the vacuolar mutants, 
amounting to between 41 and 84% of the parental strains capacity. Further 
studies will have to address the question whether this is due to cytoplasmic 
buffering or sequestration into another organelle, for example the 
endoplasmic reticulum. 

1) H.-P.Bode et al. 1990, Proc. 8th Small Meeting on Yeast Transport & Energetics, 
p. 15-16. 

2) L.M.Banta et al. 1988, J.Cell Biol. 107, 1369-1383. 
3) J.H.Rothman et al. 1989, J.Cell Biol. 109, 93-100. 
4) Y.Ohsumi & Y.Anraku 1983, J.Biol .Chem. 258, 5614-5617. 
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ION CHANNELS IN SACCllAROMYCES CEREVISIA/i 

Adam Bertl1
, Clifford L. Slayman1 and Dietrich Gradmann2 

1Department of Cellular and Molecular Physiology, Y ale University, New Haven, 
CT065JO, USA 
2Pflanzenphysiologisches lnstitut, Universitat Gottingen, 3400 Gottingen, 
Germany 

Ion channels have been studied on the single channel leve! in the plasma membrane and in the 
tonoplast of Saccharomyces cerevisiae by patch clamp techniques. 

The prime ion channel in the plasma membrane is selectiveforK• overCr and Na•. In inside-out 
patches (200 mM K+ in the bath, 50 mM K+ in the pipette), the current-voltage curve of the open 
channel is sigmoid and follows the kinetics of a cyclic two-state model (i: inside, o: outside) 
with one.pair of v?l~ge-dependent, and one p~r of voltage-independent rateconstants (in 106 s· 1

: 

kio=63 f , k,,;= 17 f , K;.=40 and K.,;=42, f bemg exp(V m e/kT)). 

The switching kinetics depend on the cytoplasmic calcium concentration ([Ca++l) and on the 
transmembrane voltage (V..) in a complex manner: At low membrane voltages (V m near O m V) 
and low [Ca++lc• long closed periods (gaps: 't8>100 ms) are separated by short bursts, which 
occupy a larger fraction of time as ICa++lc rises and V m becomes more positive. On the other 
hand, there are short blockages ('tb: some 10 ms) of the bursts which occur more oftcn as [Ca .. l. 
and V m rise. The bursts themselves consist of fast interrupts ('t;<l ms) of the open channel curren t. 
Within the bursts, the interrupts become shorter (vanish) and the open-periods longer, as V m 

approaches + 100 tn V. This switching within a burst is independent of [Ca ++le· 

The entire kinetics can be described by a reaction scheme with one open state and the three 
cl~s~d states (gaps, . ~l~~ages, and i~terru~ts). in . .Par~llel_,1. ~ith t~eir . Part}cu~~· ":j •f ~nd 
[Ca lc-dependent, stab1l1ty constants. K.-1.710 [Ca J. f, Kh-2.8 10).[Ca l. f, and 
K;=2.8·f 1

• 

With these kinetics and the open-state current-voltage relationship, the time-averaged currents 
as functions of [Ca++lc and of V m are predicted quantitatively. The experimental data fit the 
predictions. 

The main type of ion channel in the yeast tonoplast is cation selective (PK:PN.:Pc.= 1: 1 :0.2) with 
an open-channel conductance of about 120 pS (in 100 mM KCI). Channel open probability is 
strongly calcium- and voltage-dependent, favoring cation release from the vacuole (only small 
currents into the vacuole). Channel activity shows marked "rundown" (within 15-60 min) 
resulting in an unphysiologically high (mM) Ca++ requirement. "Rundown" can be prevented 
by reducing agents (dithiothreitol, B-mercaptoethanol or reduced gluthathion). These reducing 
agents shift the calciumrequirement in "aged" preparations to the more physiological mi cromo lar 
range. Treaunent of yeast vacuoles for 20-40 min with subnanomolarcytoplasmic Ca++ (10 mM 
EGTA, no Ca++ addcd) aholishcd channcl activity, which could not he rcstorcd by high 
cytoplasmic Ca++ and reducing agents. Calmodulin, applied to the cytoplasmic side of the 
membrane, did reactivate the channels. Chloramine-T, shown to inactivate calmodulin by 
oxidation of its methionine residues, irreversibly inactivated yeast tonoplast cation channels as 
well. From these results we conclude that the cation channels from yeast tonoplast are 
calcium/calmodulin dependent. Reducing/oxidizing agends seem to change the ca++ affinity of 
calmodulin (or of the channel protein itself). This type of cation channel may play a role in 
metabolic triggered release of calcium from the yeast vacuole. 
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Multiconductance Ionic Channels in the Plasma Membrane of the Yeast 
Schlzosaccharomyces pombe 

VLADJMIR VACATA1, MILAN HoFER1, H. PETER LARSSON2 and HAROLD LECAR2 

'Botanisches lnstltut der Unlversltllt Bonn, Kirschallee 1, 5300 Bonn 1, FRG 
2Unlverslty o/ California, Berkeley, Dlvislon o/ Blophyslcs and Cell Physlology, Berkeley, CA 94720, 

USA 

The major result of our patch-clamp studies of the yeast Schlzosaccharomyces pombe is the 
discovery of a multiconductance, voltage-dependent potassium channel. This channel exhlbits a 
maximum conductance of 153 pS and sublevels of conductance spaced roughly 30-50 pS apart 
(Fig. I); the most frequent events, however, are transitions between the closed and the 153 pS 
conductance states with no residency in any of the conductance sublevels . The channel Is not 
inhihited by tetraethylammonium; similarly, ATP and stretch have no effect. The channel is only 
mildly selective for potassium over sodium, lithium, and chloride (rabie 1). The frequency of the 
channel occurrence in patches implies that, on the average, 35 channels of this kind are present in the 
plasma membrane of a single cell . The channel gates in the region of physiologlcally relevan! 
voltages, being closed at hyperpolarizing and open at depolarizing voltages (Fig . 2). The gating 
characteristics of the channel imply an equivalen! gating charge of 1.25. The existence of multiple 
conductance levels in this type of cationic channels might explain the wlde variety of conductance 
sources reported in other works (1-4): sorne of these apparently different channels may be different 
states of one multiple conductance channel. 

5 pA 
~---1 sec 

FIGURE 1. SUBLEVELS OF CONDUCT ANCE OF mE 153 pS CHANNEL 

E 
D 

e 

B 

A 

Excerpts from curren! records of a single patch. In ali traces the membrane was clamped at 
+90 mV. The coincidence in timing between large curren! jumps and the onset or cessation of 
current flicker in the new conductance levels indicates that ali curren! events originate in one channel. 
The five conductance states are termed A through E, where A is the closed state and E is the fully 
open state. The current-voltage characteristics of individual conductance states (not shown) provide 
the values of conductance of the four open states: 43, 89, 128, and 153 pS. The patch was bathed 
in a standard clamp solution on both sides of the membrane: 140 mM KCI, 11 mM EGTA, 2 mM 
MgCl2, 1 mM CaCl 2, 10 mM HEPESrrRIS, 591 mM sorbitol, pH 7.2, 0.90 Osm. The method for 
preparing protoplasts suitable for patch-damping was reported earlier (5) . 
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FIGURE 2. DWELL TIMES OF CONDUCTANCE SUBLEVELS OF TitE 153 pS CHANNEL 
Points are derived from sixteen 8 s (100 %) 
lntervals followlng an applied voltage step 
from a holding potential of -80 mV to the 
various clamp potentials and take into 
account events of greater than - SO ms 
duration. B through E correspond to the 
conductance states introduced In Fig. 1. In 
the physiologically relevant range of 
voltages, +30 mV and above, the highest 

· degree of substate actlvity is observed, 
whereas bellow +30 mV and at negative 
potentials the channel resides in the fully 
open state E the whole of the time. In the 
physiologically relevant region, the fully 
open state E accounts for roughly half of 
the channel' s activity. In general, the shape 
of the dwell time curve of state E 
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corresponds to that of the expected gating activity of a potassium channel responsible for regulating 
the membrane potential across the yeast plasma membrane. 

TABLE 1. PERMEABILITY RA TIOS FOR MONO V ALENT IONS IN TitE 153 pS CHANNEL 

u· Na• K+ et· 

V ... (mV) -15.1 -10.2 o -19.2 

P.JPx 2 .06 1.61 1 6.50 

Permeability ratios P11:1Px were derived from reversa! potentials V,.. with 140 mM KCI inside the 
micropipette and 46.7 mM KCI in the bath solution (for the P11:1Pa ratio), and 140 mM KCI inside and 
140 mM NaCI or LiCI in the bath solution (for the P11:fPu and P11:1P,.. ratios). 

Acknowledgements. This work was supported by Deutsche Forschungsgemeinschaft Grant Ho555/13 
to M.H., who was also a recipient of an academic fellowship by VW-Stiftung Hannover, and National 
Science Foundation Grant DCB-8904462 to H.L. 
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GLUCOSE ACTIVATION OF THE POTASSIUH UPTAKE SYSTEH AND PLASMA 
MEHBRANE ~-ATPase OF YEAST. RELATIONSHIP WITH THE c AMP PATHWAY. 

Alijo, R., Ramos, J. 
Dept of Hicrobiology. Escuela Técnica Superior de Ingenieros 
Agr6nomos,E-14071 C6rdoba, Spain. 

Addition of glucose or other fermentable sufar to 
Saccharomyces cerevisiae cells induces a serie of regulatory 
processes. Hany of them have been related to the transient 
increase in the cAHP leve!, which is one of the steps of 
the well known cAHP signalling pathway (1). Fermentable augars 
activate the plasma membrane H -ATPase (2), and recently we 
reported that K+uptake is aleo activated in these conditions 
(3). The possible relationship between the activation of the H -
ATPase and the activation of K uptake with the cAHP pathway has 
been studied using different mutant strains. 

We started this study making use of a .!.rutl_ mutant strain, 
which lacks all the known glucose induced processes, is not able 
to grow on glucose, and depletes its ATP content upon addition of 
this or other fermentable sugar. In this mutant, the presence of 
glucose did not activate K uptake. An effect of difficult 
interpretation because .ülJtl mutants do not grow on glucose. To 
address this uncertainty we used a .t'.!lJll. mutant strain harbouring 
a plasmid with the .Ef.$_l supressor. The presence of the supressor 
allows the mutant to grow on glucose without recovering the 
glucose induced regulatory events (J. Thevelein, personal 
communication). In this strain, glucose did not activate K 
uptake. 

Activation of the H -ATPase, and the increase in the cAHP 
level produced by glucose are phenomena completely dependent on 
the presence of a kinase able to phosphorylate the sugar (J, 
Thevelein, personal communication). Our resulta using different 
sugar kinase mutants sufgest that full activation of the 1 
uptake system by a sugar also requires the presence of a 
functional sugar kinase. 

In contrast with the results obtained with the ühú. mutant 
and sugar kinase mutants, mutations in genes downstream in the 
cAHP pathway did not affect the activation of K uptake. Thus, in 
a cdc25 ts mutant, which has been described not to be able to 
activate the H -ATPase by glucose, we found that activation of K• 
uptake by glucose occurs similarly at low and at restrictive 
temperatures. Besides, (i) mutants in one ar two RAS genes, (ii) 
mutants failing to show the transient increase in cAHP induced 
by glucose but with a normal basal level of cAHP, and (iii) 
mutants in the different TPK genes did not show any difference 
with the behaviour of wild type strains, increasing the rate of K' 
uptake in the presence of glucose. 

Present resulte support the idea that glucose regulated 
pathways independent of the cAHP pathway occur in yeast. 
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Recently, it has been suggested that glucoee regulated pathway of 
cAMP-synthesis and the procesa of H -ATPase activation can have a 
common initiation point, but they separate later. Apparently, the 
pathway for glucose activation of K uptake also ehares some 
steps with the cAMP pathway, but they separate very early. 

REFERENCES 
1.- Thevelein, J.M. (199l)r Molecular Microbiology. In presa. 
2.- Serrano, R. (1983). FEBS Lett. 156:11-14. 
3.- Ramos, J., Haro, R., Alijo, R., Rodriguez-Navarro, A. (1990). 
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Mechanism of glucose-induced activation of plasma membrana 

H+-ATPase in cells of the yeast Saccharomyces cerevisiae. 

Jomar B. dos Passos, Rogelio L. Brandao and Johan M. Thevelein 

Laboratorium voor Moleculaire Celbiologie, Katholieke Universiteit te Leuven, Kardinaal 
Mercierlaan 92, B-3001 Leuven-Heverlee, Flanders, Belgium. 

Addition of glucosa, relaled sugars or prolonophores lo deropressed colls of lhe yoasl 
Saccharomyces cerevisiae causes within a few minutes a lhree- to fourfold activalion of the 

plasma membrane H+-ATPase. These conditions are known to cause rapid incresed in the 
cAMP level. In yeast strains carrying temperature-sensitive mutations in gene products 
required for cAMP synthesis, incubation at restrictiva temperatura reduced the extent of 

H+-ATPase activation to variable degrees. lncubation of wild type strains however al such 

temperatures also cause variable reductions of H+ -ATPase activation. Yeast strains which 
are specifically deficient in the glucose-induced cAMP increase (but not in basal cAMP 

synthesis) still showed plasma membrane H+-ATPase activation. Yeast mutants with widely 
divergen! activily levels of cAMP-dependent protein kinase displayed very similar levels of 

activation of the plasma membrane H+-ATPase. Recently, it was shown that the cAMP­

protein kinase A signaling pathway probally possesses a glucose-repressible protein. 
Addition of glucosa to cells of cat1 and cat3 mutants, which are deficient in derepression of 

glucose-repressible proteins, do not induce a cAMP signal, but provoke a typical H+ -AT Pase 
activation. These results tend to exclude the cAMP-protein kinase A signaling pathway as the 

mediator of the glucose ettect on the H+-ATPase. 
Experiments with yeast strains carrying point or deletion mutations in the genes 

coding for the sugar phosphorylating enzymes hexokinase PI and Pll and glucokinase showed 

that activation of the H+ -ATPase with glucose or fructose was completely dependent on the 
presence of a kinase able to phosphorylate lhe sugar. The yeast fdp 1 mutan!, which is 
deficient in glucose-induced activation of the cAMP signaling pathway is also deficient in 

glucose-induced activation of plasma membrane H+ -ATPase. These dala suggest that the 

glucose-induced activation pathways of cAMP-synthesis and H+-ATPase have a common 
initiation point. On the other hand, addition of protein kinase C activators (oleic and 

arachidonic acids or diacylglycerol) also causes H+-ATPase activation. This result points to 
the possible participation º' protein-kinase e in the activation mechanism. 
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THE CHEMOSTAT. A VALUABLE TOOL FOR THE IN VWO 
DETERMINATION OF THE SPECIFIC RATE OF PROTON 

PRODUCTION (qH+) FROM YEAST CELLS. 

Juan Ignacio Castrillo. 
Unit of Biochemistry. Department of Applied Chemistry. 

Faculty of ChcmlStry. San Sebastián. Unlversity of the Basque Country. 
P.O. Box 1072. 20080- SAN SEBASTIAN (SPAIN). 

The mechanisms of interaction between the microbial cell and its environment in 
fennentation systems are subject of continuous investigation (1) . In this context, the 
mechanism of fonnation of transmembrane pH gradient (6pH) constitutes a factor of 
particular importance. Transmembrane pH gradient is involved in the fonnation of 
electrochemical proton gradient across cell membranes which provides the source of 
energy for A TP synthesis and active transport (2). 

Different approaches have been carried out in order to measure the rate of proton 
extrusion/consumption of cells: Spectrophotometric methods using acid/base indicators 
and íluorophores have been used to determine the proton pumping in vesicles and 
harvested cells ("in situ" methods) (3-6). On line measurement of acid/alkali consumed in 
a pH-controlled reactor has been also widely used (6-10} However, aspects such as the 
contribution of other molecules on H+ concentration, or the buffering capacity of the 
medium have been rarely considered. In many cases studies have been reduced to 
establishing empírica! relations for use in control of fermentation process. 

The chemostat atlows the management of a population of microrganisms in a defined 
and constan! environment ata precise specific growth rate, being a suitable system for in 
vivo studies. This system has been therefore selected to develop a rigorous method to 
calculate the specific rate of proton production qH+ (meq H+ g-1 h-1) at a defined 
metabolic state. 

The method comprises three independent steps: 1) On line detennination of flux of 
acid/alkali required to maintain constan! pH of chemostat at a defined steady state. 2) 
Qualitative and quantitative detennination of the contribution of other molecules on H+ 
concentration, and 3) Evaluation of buffering capacity of the medium at the defined 
conditions. The combined execution of these three steps allows, after application of mass 
balance for H+, the detennination of the specific rate of proton production (qH+). 

The method has been applied to chemostat cultures of Kluyveromyces marxianus 
growing in whey. The obtained results show qH+ increases proportionally with 
increasing growth rates, with values passing from negative (net proton consumption) to 
positive (net proton extrusion) throughout the range of dilution rates. Analysis of this 
behaviour and the possible relationships between proton interchange processes and 
specific biochemical functions will be presented. 
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Plasma membrana H+ -ATPase and secondary active transports 

in different yeasts 

A. Kotyk 

Department of Hembrane Transport, Institute of Physiology, Czecho­
slovak Academy of Sciences, 142 20 Prague 4, Czechoslovakia 

Severa! strains of Saccharomyces cerevisiae, including the pmal~ 

105 mutant with défective major . H+-ATPase of the plasma mem­

brane, as well as Rhodotorula gracilis and Lodderomyces · elongisporus . 

were grown to early stationary phase and the following properties 

were estimated: membrane potential (with tetraphenylphosphonium 

chlorideL t.pH (glass electrode for pHout , dual-wavelength fluor­

escence of fluorescein for pHi
0

), ATP-hydrolyzing activity in 

membrane fragments with suppressed F- ATPase (azide) and V-ATPase 

(nitrate), ATPase-associated acidification of the externa! medium, 

and initial rates of uptake of 14 amino acids over a concentration 

range from 1 µM to 10 mM and (in R. gracilis and L. elongisporus) 

of 6-deoxy-D-glucose. Various inhibitors/activators of the P-type 

ATPase were tested, such as D2 0, diethylstilbestrol, vanadate, 

suloctidil, erythrosine B, miconazole, cupric sulfate and fusicoc­

cin. There was a striking similarity between the effects of the 

inhibitors on ATPase activity (especially that reflected in the 

acidification potency) and the rates of uptake of the amino acids 

and 6-deoxy-D-glucose. There was virtually no such similarity 

between the calculated protonmotive force and the rates of uptake. 

The inhibitory effects were always more pronounced toward the 

uptake of acidic than of neutral and especially basic amino acids 

- mean inhibition by, e,g., D
2
0 was 72, 46 and 29 %, respectively. 

This is taken as evidence of a topological relation between the 

H+-ATPase and the amino acid carriers which, apparently, sense 

the local concentration of H+ produced by the ATPase within or 

at the membrane, rather than the "macroscopic" protonmotive force. 
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A smal.l proteolipid is associated with the plasma membrane u+-ATPase of 
Saccharomycos cerevisiae. 

Navarre Catherine and Go!f eau André 
Unité de Biochimie Physiologique, Université Catholique de Louvain,1348 
Louvain-la-Neuve, Bel9ium 

The plasma membrane of yeast oontains a well­

characterized ATPase that pumps protons out of the cell, 
ener9izin9 the membrane for nutrient uptake. The yeast H+-ATPase 
is structurally and functionally related to the Na+/K+, cn2+ and 
tt+ /K+-ATPases of animal cell membranes. Upon classical Laemmli 

9el electrophoresis, the purified yeast H+-ATPase displays a 

highly enriched 100 KDa band which corresponds to the single 
catalytic subunit. It has been reported however that the 

Schizosaccharomyces 

the· 100 KDa band, 

trackinq dye. 

pombe preparation contains, in addition to 

a component moving sli9htly ahead of the 

We have examined the possibility that the fungal H+­

ATPase might possess a small additional subunit. Using 
electrophoresis conditions adopted to the separation of low 

molecular weiQht proteins, the purified H+-ATPase of 

Saccharomyces cerevisiae displays t~o Coomassie-stained bands of 
low molecular weight (7,5 KDa and 4 KDa). These two polypoptidco 
can be iSO.l.ated by a Chlorotorm/mellaciuvl ~,.t;i:action ea\:o.bliohing 

their proteolipidic nature. A treatment wi th et.her allows t:o 

separate the two bands; the 4 KDa component is soluble while the 

7, S KDa compound precipi tates. The amino acid composi tion and 

the NH 2-terminal sequence were identical for the two compbnents, 

suggestin9 that the extracted proteolipid exists as a dimer and 

a monomer. The microsequencing of the purified protein revealed 

the existence of a small polypeptide of 38 amino acids with a 

~~l~ulaL~J ~ol~~ular mass oE 4250 D~. Tho oorre&ponding gene w8~ 
isolated by hybridization to an oligonucleotide probe derived 

from a portien of the amino acid sequence. The gene sequencing 

confirmed the amino acid sequence with the exception of two 

addi tional amino terminal residues. The amino acia sequence is 

predicted to contain a NH 2-terminus transmembrane segment 

followed by a very basic hydrophilic domain. 
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New H+ and Ca2+ _ ATPase genes in the yeast 
Scllizosaccllaromyces pombe. 

A. Goffeau and M. Ghislain 
From the Unité de Biochimie Physiologique, Université de Louvain, Place 
Croix du Sud 2, 1348 Louvain-la-Neuve, Belgium. 

u+-ATPase 

The fungal plasma membrane contains a well-characterized A TPase that 
pumps protons out of the cell, energizing the membrane for nutrient uptake. In 
Saccharomyces cerevisiae, Schizosaccharomyces pombe and Neurospora crassa , the 

plasma membrane H+-ATPase is encoded by the PMAJ gene which is essential to 

cell growth. The existence of a second H+-ATPase in S. cerevisiaehas been 
inferred from the isolation of PMA2, a gene highly homologous to PMAJ (Schlesser 
et al. , J. Biol. Chem. 263, 19430-19487, 1988). The physiological function of the 
PMA2 gene is unknown, however, since a null allele confers no obvious phenotype. 

We have isolated a second H+-ATPase gene in S. pombe and report its 
sequence. This gene, referred to as pma2 codes for a polypeptide having a predicted 

Mr = 110, 126 and which is 79 % identical to the plasma membrane H + -ATPase 

encoded by the pmal gene. The S. pombe pma2gene, unlike pmal, is weakly 
expressed and not essential to mitotic growth. By constructing yeast strains in which 
the chromosomal pma2 gene is under control of the alcool dehydrogenase promoter 
from S. pombe, it has been possible to identify the overproduced ATPase protein in 
plasma membranes , via formation of a phosphoenzyme. In a pmal-1 mutant strain 
whose ATPase activity is insensitive to vanadate, the overexpressed pma2 gene 
restores vanadate-sensitivity. it also rescues a pmal null mutant from lethality . 

These results demonstrate that the two H+-ATPases are functionally 
interchangeable in vivo but differently expressed . 

Ca2+ -A TPase 

Another new P-type ATPase gene, cta3, has been identified in 
Schizosaccharomyces pombe. The deduced amino acid sequence presents a 45 % 

identity with the Saccharomyces cerevisiae putative ca2+ -ATPase encoded by the 
PMR2 gene. The cta3 protein contains 7 out of the 8 amino acid residues involved 

in high affinity Ca2 + binding in the sarcoplasmic reliculum Ca2 + -ATPase from 
muscles. It also contains a region similar to the phospholamban-binding domain that 

characterizes this ca2+ pump. A null mutation of cta3 modifies calcium 
homeostasis and cellular transports as described by Y. Eilam and collaborators in 
this meeting. The sequence analysis and the physiological results strongly support 

the conclusion that the cta3 gene encodes a ca3 +-A TPase, located in intracellular 
membranes. 
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AN INTRACELLULAR {ATP + Hg 2+>-DEPKNDKNT CALCIUH PUKP WITHIN 
THE YEAST SCHIZOSACCtJAROHXCES fQMlll, ENCODED BY THK GENE cta3 

D. Halachmi', M. Ghislain+ and Y. Eilam• 
ªoepartment of Bacteriology, Hebrew University-Hadassah 
Medica! School, Jerusalem, Israel and +Biochimie Physiolo­
gique, Univ. Catholique de Louvain, Louvain-la-Neuve, Belgium 

Evidence has been accumulated that in yeast cells, cytosolic 
ca2+ ([Ca2+3i)-homeostasis is maintained at levels comparable 
to the levels in animal and plant cells but the mechanisms 
regulating [Ca2+]i in yeast have not yet been identified. To. 
investigate ca2+ accumulation into intracellular ca 2+ storing 
organelles we have permeabilized the plasma membranes of S. 
pombe cells with nystatin and measured ATP-dependent caz+ 
uptake. Since yeast vacuoles take up ca2+ by ca2+;H+ 
exchangers which are linked to ATP utilization through [ijjH, 
established by the V-type H+ ATPase, Ca2+ uptake was measured 
in the presence of KN0 3, an inhibitor of V-type ATPases, and 
CCCP, a protonophore which excludes any H+-coupled ca 2+ 
transport. ATP-dependent ca 2+ accumulation in'to non-vacuolar 
ca2+ storing organelles was detected. This ca 2+ uptake 
activity was maximal at pH 6 and could be inhibited by 
vanadate, the inhibitor of P-type ATPases. We have recently 
reported the identification of a novel gene in ~ pombe, 
cta3. The deduced amino acid sequence suggested that this 
gene encodes a P-type ATPase a~d the physiological results 
suggested an intracellular Ca+ pump (Ghislain et ª1_., J. 
Biol. Chem. 265, 18400-18407, 1990). At present we have 
found that the strain MG4,harboring the null mutation in cta3 
had a markedly reduced level of ATP-dependent ca2+ uptake 
into non-vacuolar intracellular storing organelles. This 
observation indicates that cta3 encod~s an intracellular ca2+ 
pump. The residual ATP-dependent Ca + uptake in MG4 strain 
indicates the presence of a second ca2+ ATPase encoded by a 
different gene. 
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KINETIC ANO GENE EXPRESSION EVIDENCES DO NOT SUPPORT THAT 

PMR2 (ENAl) ENCODES A Ca-ATPase 

B. Garciadeblas, F. Rubio, J. Quintero, M.A. Bañuelos and 
A. Rodriguez-Navarro 

Departamento de Microbiologia, Escuela Técnica Superior 
de Ingenieros Agrónomos, E-28040 Madrid, Spain 

Two years ago in the VIISMYTE we reported the cloning 
of gene ENAl, which was able to confer Li tolerance to a 
low Li-efflux yeast strain. In subsequent work we 
determined the sequence on ENAl and proximate regions, 
finding that ENAl encoded a P-ATPase, and that three 
copies of the gene were in tandem. 

The same ~ gene has also been cloned by its 
homology with PMAl, the gene encoding the H-pump ATPase 
of yeast. This gene was named ~' and it was proposed 
to encade a Ca-ATPase, by the homology of its predicted 
amino acid sequence with the sequences of other Ca­
ATPases (H.K. Rudolph, et al 1989, Cell, 58:133-145]. 
However, disruption of ENAl and the copies in tandem with 
it produces a phenotype of Na and Li sensitivity, and 
decreases severely Na and Li effluxes. Defects not 
inunediately related to the lack of a Ca-ATPase. 

Two possible hypotheses could explain the 
dependence of Na and Li effluxes from a Ca-ATPase, and 
conciliate physiological evidences and homology 
predictions: (i) Na and Li effluxes are coupled to Ca 
influx, and a Ca-ATPase rnediates Ca efflux, and (ii) Na, 
Li and Ca effluxes are rnediated by the same ATPase. 

The first possibility was investigated by studying 
the kinetics of Li efflux in buffers with and without Ca, 
and with EDTA and EGTA at pH 8.5, finding that the 
concentration of Ca did not affect significantly Li 
efflux. To investigate whether a Ca-ATPase transports Na 
and Li, we studied the expression of ENAl since the 
expression of this gene is not constitutive. Na, Li, ar 
even K, specially at high pH induces the expression of 
ENAl, but we have not been able to express it with Ca. 

All the evidence we have found so far supports that 
ENAl (PMR2) encades a Na-ATPase. No evidence has been 
found suggesting that it encades a Ca-ATPase. 
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"Regulat ion of gl ucase and mal tose consumpt ion in ~él;n_qiª-ª __ 41.__DJ_~ 
under repressed and derepressed condltions" 

Bego5a Torralba, Javier Lopez-Garc~s and J.M. Peinado 
Opto. Microbiología, Facultad de Biología. Universidad Complutense, 
28040 Madrid (Spainl 

We have studied the consumption of glucose and maltose 
by ~ª11qi_d _ ª_11_!:_i_l _ _i2 cel ls, growing in cont inuous cultures on a 
synthetic medium with both sugars as carbon and energy source. The 
steady-state specific activity of the two permeases for glucose and 
those of mal tose permease and mal tase were also determined in cells 
that had grown at each dilution rate (DI for at least 5 residence 
times. 

At low D values, with steady-state glucose concentrations 
below 100 mg / l, both sugars were consumed simultaneously . There was 
no repression, and mal tase specific activity maintained a constant 
level at any D value. However, the level of maltose permease 
decreased as D increased, most probably due to glucose 
inactivation. The specific activity of the glucose permeases also 
changed: The glucose-proton symport increased with D, as was 
expected of an inducible transport system. The glucose and maltose 
consumption rates, measured "in vivo" in the fermenter, increased 
linearly with D and so did the total metabolic flux. The individual 
rate for each sugar depended on its concentration in the inflowing 
medium and not on the kinetic parameters of the transport systems. 

These results indicate that sugars transport is not 
limiting growth in these conditions, in contrast with what happened 
in previous experiments with Sacccharomyces cerevi-ª--1_~~ growing on 
maltose. In this last case, maltose permease did limit growth. 
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HETABOLIC STUDIES ON SYNCHRONOUSLY DIVIDING YEJ\ST CEI.,J,S 
ENERGY HE'l'ABOLISH DlJRING CELLULAR IHVlSION 

Arnold Boiteux 
Hax-Planck-Institut für Ernahrungsphysiologie 

Rheinlanddamm 201 
D-4600 Dortmund 1 (Germany) 

Modern analytical techniques have come up with methods to 
study a variety of cellular events directly in single cells. 
For certain studies, however, current analytical methods 
require the use of large cell populations. We have used 
substrate limited synchronized continuous cultures of 
s. cerevisiae (ATCC 9080) to study the energy metabolism of 
the yeast cell during cellular division. It is the advantage 
of continuous cultures that cells can be maintained in 
different metabolic states - the disadvantage is the need for 
working under sterile conditions. 

By proper synchronization our culture shows regular cycles of 
simultaneous cellular division (> 50 % of the population) 
which can be maintained indefinitely. About one hour before 
any sign of budding can ba observed in the microscope, a 
strong pulse of co2 evolution can be detected by 
electrochemical measurement and titration. Metabolic analysis 
reveals an "exploding" glycolytic flux induced by activation 
of the enzyme phosphofructokinase, leading to the depletion of 
the cellular storage carbohydrate, trehalose, within just 20 
minutes. During this glycolytic pulse the uptake of glucose 
from the medium is blocked completely. Simultaneously, the 
produced ethanol is oxidized slowly to acetate and further to 
co2 and water within the next 90 minutes as shown by analysis 
of metabolites, oxygen saturation and titration. 

Inspection of mass action ratios indicates that the glycolytic 
flux is modulated by a few key enzymes. Whereas most of the 
enzymes like phosphoglucomutase, trehalase, hexokinase and 
phosphoglucose isomerase maintain their steady state or equi-
1 ibrium conditions even at highest flux rates, we calculate 
deviations up to a factor of 10 for phosphofructokinase, al­
dolase, adenylate kinase and pyruvate decarboxylase. It is in­
teresting to note that exactly these enzymes generate the 
cyclic flux of the well known "glycolytic oscillations". 

The questions raised are: When is the cell ready for mitosis 
to take place? A necessary disposition for cellular division 
under glucose limited growth conditions is certainly the 
availability of sufficient storage carbohydrate to carry out 
the formation of a daughter cell. Can the cytosolic concentra­
tion of trehalose (glucose) possibly meet a maturity 
threshold? And what, actually, is the trigger for the starting 
glycolytic pulse? From substrate pulse experiments it seems 
obvious that the trigger signal is generated on the plasma 
membrane or in the cytosolic space itself. 
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FUTILE CYCLING IN SACCHAROMYCES 

CEREVISIAE. 

M.A. Navas and .T.M . Gancedo. Instituto de 

lnvestif¿aciones Biomédicas del CSIC. Arturo Duperier, 4. 

28029-Madrid. Spain. 

When S . cerevisiae is growing on glucose the 
gluconeogenic enzymes fructose 1,6 bisphosphatase (FbPase) 
and phosphoenol- pyruvate carboxykinase (PEPCK) are 
repressed. Moreover when glucose is added to a yeast with 
derepressed gluconeogenic enzymes these are rapidly 
inactivated. lt would seem therefore that the cell should 
exert a strict control on the amount of the gluconeogenic 
enzymes to avoid futile cycles that would waste ATP at the 
leve! of the pair of antagonistic enzymes 
phosphofructokinase-FbPase, pyruvate kinase-PEPCK. 

To test this idea we have constructed yeast strains in 
which the gluconeogenic enzymes would escape this control. 
In these strains the expression of the genes FBPI and PCKl 
in multicopy plasrnids is no longer repressed by glucose. The 
slrains are viable on glucose and have high levels of FbPase 
and/or PEPCK . Their generation time on glucose is only 
slightly increased (about 20% for the transformant containing 
the two unregulated enzymes) and their levels of adenine 
nucleotides and hexose phosphates are the same as those of 
the untransformed yeast. 

lt appears therefore that the presence of the 
gluconeogenic enzymes in a yeast growing on glucose has 
only a marginal effect, although the limited decrease in the 
growth rate would still be enough to give a selective 
advantage to a strain with regulated enzymes. 

We can see at least two explanations, which are not 
mutually exclusive, for the results obtained: 

-During growth on glucose, the gluconeogenic 
enzyrnes are present but are not operative due to sorne 
mechanism for regulation of their activity. 

-Glycolysis produces more ATP than needed and 
therefore allhough futile cycling increases the ATP 
utilization this has not exct~ssive consequences for the cells. 
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Molecular characterlzatton of the UGA43 gene encodlng a negattve factor 

controlllng the expresslon of three permeases In Saccharomyces cerevlslae 

Coornaert, D., Vissers, S., André, B. and M. Grenson. 

Laboratolre de Physlologie Cellulaire et de Génétique des Levures 
Université Libre de Bruxelles, Campus de la Plaine CP 244 
Bd du Triomphe, B-1050 Bruxelles, Belgium 
Tel: 32-2-6505416 Fax: 32-2-6463148 

The use of 4-amlnobutyrate (GABA), urea or allantoln as sola nltrogen source by Saccharomyces 

cerevlslae lnvolves three lnduclble permeases. Synthesls of the GABA-speclflc permease (UGA4) Is 

lnduced by GABA. Allophanate, an urea- degradatlon lntermedlate, Induces the synthesls of thé urea 

(DUAP) encl ellantoln permeases (DAL4). 

GABA-depenclent lncluctlon requlres the product of the UGA3 gene actlng es e positiva transcrfptlonal 

factor. Allophanate lnductlon requlres the product of the DURM gene, elso ectlng es e positiva factor. In 

eddltlon, a seconcl positiva factor encoded by the UGA35 (DURL/DAL.81) gene Is requlred for both 

processes. 

Genetlc evldence suggests that UGA35 In essoclatlon wlth UGA3 or DUAM, respectlvely, ectlvates 

transcrlptlon by counteractlng the negatlve eflect exerted by the UGA43 (DAL.80) gene-product. The 

genes encodlng the three positiva faclors have been prevlously sequenced and analysed (t). 

In order to complete thls flrst step In the molecular characterlzatlon of these lnductlon mechanlsms, the 

UGA43 gene has now been cloned and sequenced. The deduced polypeptlde Is 269 aa long. A putativa 

DNA-blndlng dornaln (cysteln-rfch) and a putativa ollgomerlzatlon dornaln Oeuclne zlpper) were founcl 

respectlvely near !he NH2 and COOH extremltles. Mutatlons were located In these two dornalns In 

uga43 mlnus mutants. 

A cysteln-rfch dornaln very slmílar lo the UGA43 one Is elso presenl In three fungal actlvetors, Nlt2 (N. 

crassa), AreA (A. nldulans) , GLN3 (yeast) and In the GATA-1 gene famny (vertebrales). 

Northem hybrldlzallon experlments show lhal the UGA43 ANA Is largely present after growth on M. 

prollne. There were no significan! varlallons due to the presence of GABA or urea In !he medlum. 

Expresslon Is subject to nltrogen catabollte represslon. lncleed, when ammonlum lons were present In 

the growth medlum the UGA43 ANA leve! decreased drastlcally. lt was also observed that In a uga43 

mlnus mutan! grown on M. prollne, lhe UGA43 ANA-leve! was much hlgher than In the wDd-type straln 

on the sama medlum. Hence lhe UGA43 gene Is probably auto-represslble. 

These resulls ancl !hose prevlously obtalned In the molecular study of the positiva factors are In full 

agreemenl wlth our modal based on classlcal genetlc studles. 

{1) Sea Coornaert, D., Vlssers, S., Anclré, B. Gene, 9Z (199t) 163-171 ancl references thereln. 

Thl• work wu funded by conlTaeta FRFC 4513.18 and ARC-SPPS 86/91-88 wflh lhe Belglan Admlnlatratlon end a contract 

Fonda Sp6clal de la Recherche wflh lhe Unlverslty of eru ... 11. D. Coomaert 19 a reclplent of a predoctoral !ellowahlp from lhe 

IRSIA (Belglum). B. Andr6 19 Aapfrant of lhe FNRS (Belglum). 
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Kinetics of in vivo maltosc/proton 
symport in Saccharomyces cerevisiae 

R.A. Weusthuis, K Nicofayº, C.C.M. van Leeuwen .. , WA. Scheffers nnd J.P. mn Dijken 

Depnrtmcnt of Microbiology and Enzymolq;:y, Delft Unii·ersity of Tcchnology, Julianalaan 67, 2628 BC 
Delft, The Netherlands. 
ºDepartment of in vim NMR, Uni1•er.'iity of Utrecht, Bolognalaan 50, 3584 CJ Utrecht, The Netherlm1ds. 
º'Department of Medica( Biochemi.rny, Sylvius Laboratory, P.O. Box 9503, 2300 RA Leiden, The 
Netherland.f. 

Maltose transport in Saccharomyccs 
ccm7.uae is known 10 occur via proton symport 
Since protons are a co-substrate for the malla­
se permease, maltose transport must be affec­
ted by proton concentrations. These effects 
have been investlgated in lhree ways: kinelics 
of growth, kinetics of transport, and )•P-NMR. 
Sincc differences in pH not only can affect 
transport but metabolism as wcll, glucose was 
used as a control when appropriate (glucose is 
transported by facililated diffusion). 
For the transport studles and !he NMR experi­
ments continuous culture cells were used, since 
they exhibil higher V mu values and can be 
grown carbon-limited on maltose and glucose at 
the same time. 

Growth kinetics 

Saccharomyces cerei•isine was grown in 
batch culture wilh maltose or glucose as carbon 
source at pH 5.0. The effect of a shift in pH to 
7.0 on lhe growth rale was determined (Table 
1). 
Thc growth ratc on glucosc was hardly affcctcd, 
the growth rate on maltose diminished. 

Table l. Effect of pH on growlh rates (h·') of 
Saccharomyces cerevisiae wilh mallose or gluco­
se as carbon source. 

Growth ratc (h·') 

Carbon source pH 5.0 

maltose 0.37 

glucose 0.37 

pH 7.0 

0.21 

0.33 

Kinetics of maltose pem1ease 11.ung U-"C 
maltose 

The kinelics of mallose uptake of S. 

ccrevisiac, grown at pH 5.0, al different pl-f 
values has been studied using U-"C mall()';e. 
The V mu for mallase uptake varied with pH 

(Figure 1). In a pH range from 3.0 to 7.0 the 
K,,. for mallase uptake varied betwcen 2 and 4 
mM. Between pH 7.0 and pH 4.5 maltose per­
mease ellhibited Michaelis-Menten kinelics 
towards protons with an apparenl pl<tt of 5.7. 

Comparison of kinetics of maltosc and proton 

11ptakc 
The klnetics of maltose and proton 

uptake at pH 5.0 were measured. The K... valu­
es were approximately 3.0 and the mallose/pro­
ton stoichiometry was determined 10 be 0.8. A 
value of 1.0 was determined using cytochrome e 
oxidase-containing vesicles. (See C.C.M. van 
Leeuwen et al., this book). 
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Figure l. Effect of pH on the maximal uptake 
rate (µmol.min ·'.g-1) of "C mallase by Snccha­
ronryces cerevisiae. Thc diffcrcnt symbols rcfcr 
to ccll suspensions from independent steady 
states. 

Effcct of mnltosc uptakc on cytosolic pH 
Since one proton is co-transported with 

maltose, maltose transport will change !he 
intracellular pH. The changes in cytosolic pH 
upon addition of maltose were determined 
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Fi¡::ure 2. Consequences of mallase uptakc by Saccharomyccs ccrcl'isiac for lhc "P-NMR spccira amJ on 
tyiosolic pH. Spcclra were oblained a1 121.5 MHz and are lhc rcsull of 1000 scans ac4uircd in 3.5 min, 
ei1hcr befare (A) or afler (B) lhe addi1ion of mallase al an exlcrnal pH of 5.0. Peak assignmcnts: SP, 
sugar phospha1es; P;,,, cytosolic pH; PM, cell wall phosphomannan; ATP, y-phosphale in ATP; TP and 
PP. lcrminal and middle phospha1es in polyphospha1e, respectively. Fig. 2C dcpicts lhe cy1osolic pH as 
delermined from 1he chemical shift of cytosolic P1 as describe<.! previously (Nicolay et al. 1982). Arrow 
indicaies 1he poinl of addilion of 60 mM mallase direc1ly inlo 1he suspension whilc in thc NMR 
ins1rumenL 

using 11 ?-NMR. By comparing the peak positi­
ons of ccll wall phosphorus (independent of cy-
1osolic pH) and inorganic phosphate (depen­
den! on cytosolic pH) lhe cytosolic pH can be 
delermined (figure 2). Double-molar amounts 
of glucose were used as control 
Addition of maltose al an extracellular pH of 
5.0 gave rise 10 an immediale decrease of cy­
tosolic pH from 7.1 to 6.4, followed by a slow 
recupcration. Addition of glucose led to a drop 
in pH from 7.1 10 6.8, followed by an increasc 
in pH to 7.5 and a slow decrease to 7.1. Addili­
on of glucose at an extracellular pH of 7.0 gave 
the same results. Addilion of maltose at pH 
7.0, on the olher hand, resulted in a much lcss 
pronounccd effecr.. consistent with kinetical 
properties of maltose pcrmease. 

Rcfcrcnces 

Nicolay !<_, Scheffers W.A, Bruinenberg P.M. 
and Kapiein R. (1982) Phosphorus-31 nuclear 
magnctic rcsonancc s1udics of inlral'.cllular pH, 
phosphale compartmentation and phospha1e 
transpon in ycasts. Arch. Microbio!. l33, 83-89. 
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Maltose-proton co-transport in 
plasma membrane vesicles of 

Saccharomyces cerevisiae 

C.C.H. Van Leeuwen, E. Postma*, R.A. Weusthuis**, P.J.A. Van den Broek 

Department of Hedical Biochemistry, Sylvius Laboratory, P.O. Box 9503, 2300 RA 
Leiden, The Netherlands. 
*Zaadunie B.V.,Westeinde 62, P.O. Box 26, 1600 AA Enkhuizen, The Netherlands. 
**Department of Hicrobiology and Biotechnology, Delft University of Technology, 
Julianalaan 67, 2628 BC Delft, The Netherlands. 

Maltose proton co-transport was studied in plasma membrane vesicles of 
S.cerevisiae. Plasma membranes were isolated from cells with a constant high 
maltose transport capacity by using maltose-limi ted continuous cultures. In order 
to study uphill maltose transport, the plasma membrane vesicles were fused with 
cytochrome c oxidase proteoliposomes. The method yielded hybrid proteoliposomes 
of which 30 -35 % contained an active maltose permease . Energization with a 
suitable electron-donor system resulted in the generation of a proton-motive 
force (PMF), inside negative and alkaline. Moreover, maltose accumulation was 
observed. Both the initial influx velocity and accumulation ratio decreased with 
increasing pH. Determination of the kinetic constants at pH 5.5 and 6.7 revealed 
that this decrease in velocity is a consequence of the Vmax dccreasing 
dramatically at higher pH values, the Km value remaining virtually constant 
(Km""10. mJll). Uptake of tracer concentration of maltose (15 µM) at pH 5.5 showed 
a maximal accumulation ratio of 33. Addition of the ionophores valinomycin 
(abolishing the A1f ) , or nigericrn (abolishing the L>pH) decreased the 
accumulation ratio, while simultaneous addition of ionophores at steady state 
accumulation level resulted in a rapid efflux of accumulated maltose, proving 
that maltose proton symport is both A"'f and ApH dependent. From the chemical 
gradient ( 611aolute>, calculated from the steady state accumulation ratio, and 
the PMF ( A p), determined when maximum accumulation was achieved, the 
stoichiometry (n•PP) could be calculated, according to the equation; 

napp = 11solute / AP 
It is concluded that the average stoichiometry of the maltose proton co-transport 
is 1, consistent with the results obtained with intact cells. (See R.A . Weusthuis 
et al., this book) 

Table 1. Relation between p and maltose uptake. 

Addition 6P (mV) Al1so 1 ute {mV) napp 

non e 115.5 91. 4 0.8 
37 nM nigericin 66.9 88.6 1. 3 
100 nM valinomycin 77. 1 67.7 0.9 
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PROTON CIRCUJ.ATION THROUGH THE CYTOSINE-PURINE PROTON 

SYMPORT OF SACCHAROMYCES CEREVISIAE 

P. Hopkins, J.. Acik, R. Shaw and A. A. Eddy 

Department of Biochemistry & Applied Molecular Biology, 

UMIST, PO Box BB, Manchester M60 lQD, UK 

.The cytosine-purine transport protein gene (FCY2) has been cloned by 

Chevallier on a multicopy plasmid (pNCII4-9) (Schmldt et al., Proc. Nat. Acad. 

Sel. 81, 6276, 1984) and corresponds to a peptide of apparent molecular masa 

of 45 kDa (Chirco et al., Eur. J. Biochem. 194, 293, 1990). Our previous 

studies with a voltage sensitive dye indicate that symport of protons through 

the carrier is an electrogenic procesa in yeast strain NC233-10b (fcyl fcy2 

leu2) rendered prototrophic by pNCII4-9 [J.EU2 FCY2] (Hopkins et al., FEMS 

Microbiol. J.ett . 49, 173, 1988). Proton absorption is thus probably not 

directly coupled to the concomitant efflux of K+ ions that occurs when the 

proton movements are assayed. 

We have now studied both the proton absorption and the membrane depolarization 

that occur in the presence of each of twenty potential substrates. Of nine 

substitutions at the 5 position in cytosine, the well known 5-fluoro 

derivative has shown unexpectedly complex behaviour. Cytosine itself is 

absorbed along with 1 equivalent of protons per mole of cytosine in the above 

yeast strain, whereas 4-6 proton equivalents accompany 5-fluorocytosine. 

Comparison of the above behaviour with that of NC233-10b (J.EU2] and FL442-2D 

(fcyl FCY2) (Hopkins et. al., loe. cit.) shows that the superstoichiometry 

exhibited by fluorocytosine is not due to the presence of a leak pathway for 

5-fluorocytosine outside the carrier, nor is it a consequence of 

overexpression of the carrier. 

We suggest that this interesting phenomenon arises because fluorocytosine is 

an imperfect substrate of the carrier. We anticipate that point mutations in 

FCY2 may lead to smaller values of the proton stoichiometry for 

5-fluorocytosine. 

The behaviour of 5-fluorocytosine is unexpected because the concentration of 

this substrate from dilute solutions proceeded to very roughly the same extent 

as that of cytosine, forming gradients of about 12.5 kJ mol-l in both 

instances. This suggests that the excess protons absorbed along with the 

fluoro-derivative do not perform useful work during their passage through the 

symport. 
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The purine-cytosine permease of S.cerevisiae : recent results on the 

relatlonshlps between structure and functlon 

J.C. Bloch, M.R. Chcvallicr, IBMC, Strasbourg 

D. Brelhcs, C. Chirio and J. Chcvallicr, IBCN, Bordcaux 

As already reported, making use of the variety of substrates transponed by the purine 

cytosine permease (PCP), "Km" mutants were isolated by several in vivo selection 

procedures.So far, seven alleles of the FCY2 gene were cloned and sequenced. 

The first mutant sequenced,fcy2-2J, had three aminoacids changed in the primary 
structure of the PCP (533 aa, 58 kD): Ile371->Val, lle375-> Val and Asn377->Gly. Detailed 

analysis of Km and Kd (binding) were made on strnins carrying this allele and on wild type. The 

mutant shows an increase in Km for all ligands except adenine and the Kd were dramatically 

increased for ali ligands, with a correlation to the variations in Km of uptake for cytosine and 
hypoxanthine. Therefore we conclude that the modification in Km in this mutant are merely due 

to a modification of the binding ability of the PCP for its ligands. 
Since we found three aminoacid changed in the fcy2-2 l allele it was important to 

determine the contribution of the individual changes to the observed phenotype. By use of in 

vitro site directed mutagenesis we constructed two new mutants one with Asn377->Gly and the 

second with lle37 l, lle375->Val. Uptakc measurements were made which showed that the 

mutation Asn377->Gly lead to a decrease in affinity for cytosine without noticeable change in 

Vmax, whereas the mutations lle371, lle375->Val only slightly affect the affinity for cytosine 
and seem to bring along an increase in Vmax for cytosine uptake of 2-3 which is also folind on 

the original fcy2-21 allele. These results wich must be strengthened by more detailed 
measurements suggest different roles for the different positions. 

Among the other mutants, we found three identical alleles (fcy2-22, fcy2-23 ans fcy2-

24 )with the same multiple changes displayed by fcy2-21 and three additional mutations. Three 

alleles had single changes :fcy2-JO with Asn377->Leu, fcy2-20 with Asn374->lleu and 
fcy2-5 with Gly486->Arg. 

Therefore our results point out to the segment 3 71-3 7 7 as being involved in determining 

the transpon ability of the PCP, but in addition the position 486 plays sorne role, since a single 

change at this position was found in the mutant fcy2-5 . This mutant shows a decrease in the 
affinity and significant reduction in Vmax for cytosine. 

According to our actual model which will be discussed, all these mutations are located on 
cell surface facing regions and not in transmembrane segments as was found for the lactose 

permease. 

The identical multiple mutations we found in four independently obtained alleles could be 

the result of a genic conversion, which would involve the existence of another gene having at 
least one high homology region with FCY2, hypothetical gene which we intend to search with 

the help of probes coming from mutated alleles. 
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TRANSPORT OF SHORT-CHAIN CARBOXYLIC ACIDS IN THE 

YEAST Candida utilis: EVIDENCE FOR A GENERAL PERMEASE 

F. CÁSSIO and C. LEAO 

Laboratory of Microbiology, University of Minho, 4719 Braga, Portugal 

Growth of the yeast Candida utifü in a medium with mono. di, or tricarboxylic 

acids as carbon and energy sources induced two transport systems for these acids 

presumably a proton symport and a facilitated diffusion for the charged and the 

undissociated form(s) of the acids, respectively. Both systems could be observed 

simultaneously when the transport was ineasured with labelled carboxylic acid al pH 3.0. 

The two transport systems exhibited different suhstrate specifities. The high affinity 

system was specific for the respective carboxylic acid family. With respect to the low 

affinity transport system evidence was available that the system might be a general 

carboxylic acid pennease which accepted mono, di or tricarboxylic acids. Both systems 

were inducible and were subjected to glucose repression. The induction was not 

dependent on the relative concentration of anionic form(s) and of undissociated 

carboxylic acid in the culture medium. Preliently we are trying to obtain deficient mutants 

in each of the transport systems refered above. 
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TRANSPORT OF L-GLUTAMATE IN schizosaccharomyces pombe 

K. Rezková, J. Horák, H. Sychrová 

Department of Membrane Transport, Institute of Physiology, Czechoslovak 
Academy of Sciences, 142 20 Prague 4, Czechoslovakia · 

In the fi ss ion yeast Schizosaccharomyces pombe 972h- a measur­

ab le L-glutamate transport activity only appears after preincuba­

tion of cells with an appropriate energy source, e.g. D-glucose, 

D-fructose or sucrose. The transport of L-gl utamate in to the ce 11 s 

harvested from early stationary growth phase and preincubated wi th 

1 % D-glucose (optimum conditions) is practically unidirectional 

and is mediated by a single uphill transport system with a KT of 

170 µmol/litr ·e· anda JmaY. of 4.8 nmol per min per mg dry wt. It was 

shown to be a rather nonspecifi e system si rice a 11 the ami no ac i ds 

tested, including basic, neutral and acidic ones, behaved as pot­

ent competitive inhibitors. The only exceptions were L-proline and 

2-aminoisobutyric acid which are not transported into the cel l s 

under the assay conditions. The system has a pH optimum at 3.0-4.0, 

the accumulation ratio of L-glutamate is highest at 0.6-1.0 mg dry 

wt. per ml and de creases wi th i ncreasi ng L-gl utamate concentrat ion 

in the external medium. The system present in cells preincubated with 

D-glucose is unstable and its activity decays after cell washing with 

water or stopping cytosolic protein synthesis with cycloheximide with 

a half-time of 24 min. This decay is significantly retarded by 

phenylmethyl sulfonyl fluoride, a serine proteinase inhibitor. Since 

the cycloheximide treatment is accompanied only by a decrease of 

Jmax of L-glutamate transport, leaving the KT unchanged, it may be 

speculated that this phenomenon is due to a reduction of the effective 

carrier concentration in the plasma membrane by ,proteolytic attack. 
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Uptake of lysine in thiosine-resistant mutants 

of Sch/zosaccharomyces pombe 

H. Sychrová and M.R. Chevallier* 

Department of Hembrane Transport, Institute of Physiology, Czecho­
slovak Academv of Sciences, 142 20 Prague 4, Czechoslovakia; *Ins­
titute of Molecular and Cell Biology, CNRS, 15, rue R. Descartes , 
6700 Strasbourg, France 

The uptake of lysine in Schizosaccharomyces pombe is an active 

and unidirectional process. Lysine is transported by at least 

two systems which are not constitutive and differ in affinity 

and substrate specificity. 

Hutants defective in the transport 0f lysine were isviated 

and characterized. After UV mutagenesis colonies resistant to 

thiosine, a toxic analogue of lysine, were isolated . The 

measurement of uptake of different amino acids in these mutants 

showed that in most of them the uptake of lysine and arginine 

was reduced while the transport of leucine or g1utamic acid was 

not affected. Detailed kinetic analysis showed that the 

half-saturation constant of teh high-aff inity system increased 

in mutant strains significantly compared to the wild type, so 

that the high-affinity transport system far lysine was specifically 

affected. This was al so conf i rmed by a complementation test in 

which all the thiosine-resistant s t rains with higher KT far lysine 

belonged to one complementation group. Kinetic and genetic analysis 

showed that our mutants were ident.ical wi th canl. 1 mutants, 

indicating that a single high-affinity system far the transport 

of basic amino acids and their analogues (lysine, arginine, 

histidine, canavanine and thiosine) exists in s. pombe. 
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myo-INOSITOL TRANSPORT IN SACCHAROMYCES CEREVISIAE 

B. VO!ker. H. Küntze!• and G.F . Fuhrmann 

Institut für Pharmakologie und Toxikologie. Philipps-Universitat. D-3550 
Marburg, FRG and •Max-Planck-Jnstitut für experimentelle Medizin. Abt. 
Chemie. D-3400 Gottingen. FRG 

In order to study the relation between glucose sensing and glucose 
transport Küntzel et al. screened a yeast library for homologs of human 
glucose transporters by using synthetic probes [ l ). One of the cloned 
genes (HETl) encodes a 67 kD protein containing twelve membrane­
spannlng domains and showing 28 to 29% homology to the human 
hepatoma and ~ · east SNF3 glucose transporter. 
Recently Nlkawa et al. reported on an identical gene encoding a myo­
inositol transporter CITR2) in Saccharom.1·ces cerevisiae [2J. 
We studied m,vo-inosltol transport in a wild-type strain <HK3), a 
hetl(ltr2l null mutant (HK 52) and a mutant harboring HET1CITR2) on a 
multlcopy plasmld (GAL-HET.' ABYS). 
Inositol transport Is most llkely an active transport as predicted by 
Nlkawa et al. [3J. Plasmamembrane vesicies prepared from the wild-type 
strain HK 3 demonstrated no myo-inositol countertransport . 
From our experimental data there seems to be no indication that inositol 
and glucose are transported b:.· the same carrier. Both transports behave 
dlfferently in the mutants and under glucose repression and derepression . 
In uptake experlments (2min. 25ºCl myo-inositol was transported in HK 3 
cells with a v. of J 1.6 (pmol:min) / mg wet weight and a K. of 86 uM . in 
HK 52 (hetl[itr2J-) cells with a v. of 3 .2 (pmoltmin);mg and a K. of 
75 uM and in the GAL-HET/ ABYS transformant with a v. of 17.3 
(pmol /mln)1mg and a K. of 85 uM . Such signiflcant v. changes in 
lnositol transport between these strains were not found In respective 
glucose uptake experlments . 
Under glucose represslon (2% glucose) and derepression (2% galactose) 
conditions m.i·o-inositol uptake in . HK 3 wild-type strain demonstrated no 
slgniflcant changes In v. and K.. Glucose transport at the other hand 
demonstrates the characteristical changes under derepression : an lncrease 
In afflnlty (K. 5 to 2 mM) and increase in v. (IO to 20 lnmol : minl / mg) . 

Supported by Deutsche Forschungsgemeinschaft and Fonds der Chemischen 
Industrie . 
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COMPARISON OF TWO HIGll-AFFINITY MALTOSE PERMEASES FROM 
SACCHAAOMYCES. Corinne /\., MichclG, Frank Cotty tino Qi Cheng, 
D•p11rt111ent o! Dioloqy, Queens College and the Graduat.e School of 
the City Universit}' of New York, Flushing, NY 11J67. 

The MALlg allele is a naturally occurring, partially 
functional varient of MALl proposed to be the result of a 
chromosomal rearrangement of the right telomere-linked rogion of 
chromosome VII. Basad on restriction mapping and Southern 
analysis, the gene encoding maltose permease at MALlg shares little 
or no sequence homology with the gene encoding maltose permease at 
MALl, MAL6 and all of the other MAL loci. To distinguish these two 
alleles, the gene encoding maltose permease at MALl is refered to 
as HALll-1 and that at MALlg is refered to as MALll-2. In this 
report, we compare the structure and functional activity of these 
two species of maltose transporter. 

The MALll-2 gene encodes a deduced protein of 617 amino acid 
res.idues exhibiting considerable hydrophobicity. Computer analysis 
indicates that the MALll-2 protein shares 57% identity and 74% 
similarity to the MAL61 protein, the maltosa perrnease encoded by 
the MAL61 gene of the MAL6 locus. Hydropathy analysis shows that 
the MALll-2 protein contains 12 transmembrane domains arranged in 
two 9roups o~ 6 domains each which are separated by a hydrophillic 
region approximately 71 residues in length. Tbus, .the MALll-2 
maltose pernease, like the MAL61 maltose permease, is a member of 
the human glucosa transporter superf arnily which also includes the 
Saccharomyces high-affinity glucose transporters encoded by SNF3, 
HXTl, and HXT2 and the high-affinity galactosa transporter encoded 
by GAL2. 

Kinetic analysis of the maltosa perrneases encoded by MALll-2, 
MAlll-1 and MJ.L61 shows that all are proton symporters and all are 
high-affinity maltosa transporters with a Km of approximately 4mM. 
In contrast, analysis of the substrate specificity clearly 
distinguishes these mal tose perneases. The MALll-1 permease is 
capable of transporting only maltose and turanose while the MALll-2 
pernease transports these sugars as well as isomaltosa, 
maltotriose, a-methyl glucoside and palatinose. Naither transports 
melezitose. Control of the fennentation of various a-glucoside 
sugars will be discussed in view of these results. 
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INHIBITION OF GLUCOSE TRANSPORT IN SACCHAROMYCES CEREVISIAE BY 
URANYL IONS 

G.F.Fuhrmann. D.Storch . H.P.Bode and B.\'éilker 

Department of Pharmacology and Toxicology. Philipps­
Uni ver si ty Marburg, Karl-von-Frisch-Strasse. 3550 Marburg, 
FRG 

Transport of glucose into Saccharomyces cerevisiae cells 
occurs by two transport processes. The first transport is 
mathematically characterized by facili tated diffusion and 
the second by diffusion kinetics (Fuhrmann et al., 
Experientia. 45. 1018 1023. 1989; Fuhrmann and Volker. 
J.Biotechnoloay in press). Both transport processes are 
effectively blocked by uranyl-ions. 

Facilitated diffusion of glucose demonstrates a mixed type 
of inhibi tion by uranyl ions: Vm decreases and Km 
increases. The Ki-value for Vm is 43.78 x 10 6 molecules 
uranyl per cell and the Hill slope 1.64. These values are 
comparable with the data on uranyl inhibition of glucose 
consumption by Rothstein et al. (J. Cell. and Comp. Physiol. 
32. 261 274. 1948) with a Ki-value of 27.21 x 10 6 

molecules uranyl per cell and a Hill slope of 2. 51. By 
considering uranyl chemistry a predominant dimeric complex 
of uranyl might act as a molecule similar to ~-D­

glucopyranose at the binding si te of the carrier and by 
inhibition of the glucose translocation step. Such an 
interaction is consistent with a Hill slope of about 2. 

The effects on glucose diffusion seem to be more complex. 
At low concentrations of uranyl a significant inhibi tion 
occurs. whereas at higher uranyl concentrations a sliaht 
increase is observed. This dual behaviour of uranyl coÜld 
be due to effects on two different diffusion pathways. 

Supported by Deutsche Forschungsgemeinschaft and Fonds der 
Chemischen Industrie. 
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PHYSIOLOGY OF THE snf 3 MUTANT OF SACCHAROMYCES CEREVISiliE IN 
CONTINUOUS CULTURE 

Maria C. Loureiro-Dias and Teresa G o n~ a l v es 

Laborat o ry of Microbiology , Gulbenkian Institute of Sc ien ce , 
2781 Oeiras, Portugal 

In Saccharomyces cerevisiae the SNF 3 has been sequence d and 
characterized; it was proposed that the gene product is th e high­
affinity transport system for glucose (Bisson et al, 1987. J . 
Bacteriol. 169:1656-1662). Recently another gene (H XT2 ) was 
proposed to cede another high-affinity transport system for glucose 
in s . cerevisiae (Kruckeberg and Bisson, 1990) . 

Continuous culture is a useful t oo l to study th e r e gulation 
phenomenon, since when a steady state i s achieved, cells can be 
harvested under contro lJed physiological c onditi ons; gr owt h r ate i s 
the independent variable . 

In parallel fermenters we grew the snfJ s train a nd th e 
parental strain in the same mineral medlum supplemented with 0 . 4% 
glucose and suitable aminoacids, under aerobic condition s . 

Fo r all values of dilution rate the concentration in the 
fermenter was higher for the culture of the mutant . Thi s in c rea s e 
in concentrati on, as compared with the parental strain supports the 
hypothesis that a high-affinity transpo rter is mi s sing in the 
mutant. 

The glucose transfer rate calcul a t e d as the rati o betwe en th e 
dilution rate and the yield coefficient was identical in bo th 
strains . 

Cells from steady state cultures were harvested, c entrifuge d 
and washed in ice cold water . Initial uptake rates of labe l l ed 
glucose were measured in the range 0.5 to 100 mM. Pr e limina r y 
results indicate that the same kinetic parameters we re measur e d i n 
both strains for the dilution rates tested. Half-saturati o n 
constants were in the range 2 and 8 mM . 

Our results suggest that the c ells have the ability t o 
regulate the uptake of glucose even when the gene produ c t of SNF3 
is missing. The only apparent phy s iological consequence of the 
absence of the gene product was a loss in the ability t o utilize 
glucose at low concentration s . 

References : 

B i sson . L .F ., L . Neigeborn, M. Carlson , and D.G. Fraenkel, 1987 . J . 

Bacteriol . 169 : 1656-1662 . 
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Hexose-Transport-Deficlent Mutant of Schlzosaccharomyces pombe: 
Phenotype and Genetics 

BtROITT A MtLBRADT and MILAN HOFER 

Botanlsches lnstltut der Unlversltllt Bonn, Klrschallee 1, 5300 Bonn 1, FRG 

The importan! goal of membrane transport studies is !he lsolation of a particular transport protein 
and lts functlonal reconstitution in artificial phospholipid bllayers. The most difficult problem of thls 
approach is !he identification of !he particular protein in a mixture of solubilized memhrane proteins, 
especially if it belongs to constitutive transport systerns. In another approach this problem is 
circumvented by identifying !he gene whlch codes for !he transport protein, and by lts In vltro 

expression. Our strategy in cloning !he gene has therefore been to isolate !he transport structural gene 
of Se. pombe by genetic complementation using a genomic DNA library on a repllcating plasmld . 

Mutation and Selection. Schizosaccharomyces pombe 972h· was grown on a synthetlc minimal 
medium (1) with K-gluconate as !he sole carbon source. Cells harvested In !he mid log phase (0.2% 
fresh wt/vol.) were incubated for 30 min with 1.4 mM N-methyl-N'-nitro-N-nitrosoguanldine. For 
mutants enrichment !he method of Megnet (2) was modified as follows: !he concentration of 2-deoxy­
o-glucose (2-DG) wa5 enhanced to O.S mg/ml and !he incubation time in batch culture (containing 
gluconate) was extended to 2 days; mutan! colonies were grown on agar plates of the same 
composition. A total of 4972 2-DG resistan! colonies were isolated. 

Screenlng or mutants. 2-DG resistan! mutants were screened according to their growth on the 
following substrates: 

GROUP GLUCOSE FRUCTOSE GLUCONATE GLUCONATE + 2-DG COLONIES 

WT ++++ ++++ +++ WT 
WANTED +++ +++ WAl'ITED 

1 +++ +++ 26 
JI +++ + 7 

111 +++ 2 

To eliminate the metabolic mutants, the hexokinase activity of crude cell-free extracts was determined . 
Ni ne mutants of Group 1 exhibited hexokinase activity which is comparable to that of the wild type, 
as shown for ScpB-22: 

SUBSTRATE HEXOKJNASI! (nmol/ml mg/prot.) 

WtLD TYPE ScpB-22 

GLUCOSE 322 345 
fRUCTOSE 510 523 
GLUCONATE 23 20 

Phenotype characteristlcs. The nine mutants meet !he criteria of a glucose transport deficiency. 
lndeed, none of !he mutants was capable of taking up glucose and fructose, or of accumulatlng 2-DG 
(Fig. 1, data for !he mutan! ScpB-22). 

Genetlc analysls. The mutan! ScpB-22 was used for a genetic characterization. To eliminate the 
unwanted (and undefined) mutations, ScpB-22 was backcrossed at least three times with Se. pombe 
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Leu1t •, Se. pombe 97Sh •, and 2-DG uplake 
agaln Se. pombe Le1rh., and the 40 
method of free spore analysls was _,,._.....A 
applled. The backcrosslng experl- 2 Jo / 
ments lndicated that the 2-DG- 5 / 
reslstance Is not the necessary g 20 

cy. Consequently, two back- ~ 10 12 oc] 
criterion of the transport deficlen~ 1 b 
crossed ScpB-22 stralns (their 

0 
=.:;::.=_~ 

phenotypes in parentheses) were .......__.._____,_ _ _.__.._, 
further studied: GDG, (Glc·Frc"2-
DGªLeu1r) and GDGs (Glc·Frc"2-
DG9Leu·h"). The GDG, and GDGs 

strains neither took up glucose or 
fructose, nor accumulated 2-DG; 
however, there was a slow but 
measurable uptake of 2-DG in GDGs. 

o 10 20 JO 40 
Time (min) 

& wild-type cells 

• Scp 8-22 muton1 cell• 

o 

1 
u 
~ 

~1 

2 5 
5 4 

: 3 

t 2 

I1 

Sugar consumpllon 

.""'. . . . 
~~ ......_. 

o 10 20 JO 40 

o 10 20 JO 40 
Time (min) 

Tetrade analyses were carried out foliowing the crossing of the two strains GDG, and GDGs with 
the wild type Se. pombe 97Sh •. Spores of 23 asci from the GDG, crosslng, and of 22 asci from the 
GDGs crossing, were separated. After germination of the spores (10 days at 30"C) the phenotype of 
the tetrades was tested on the following media: synthetic minimal medium (smm) + glucose + 
leucine, smm + fructose + leucine, smm + gluconate, smm + gluconate + leucine, smm + glu­
conate + leucine + 2-DG: 

SPORES NUMBER OF SPORES OERMINATED ON SMM + LEU 

+ OLC + FRC + OLC - PRC - OLC + FRC - OLC - PRC 

PHENOTYPE 

GDG6 

GDGs 

WILDTYPE 

46 
44 

o 
o 

o 
o 

Note: THE SEOREOATION OP LEtrlLEu• IN TllE TE11!.ADE ANALYSIS WAS ALSO 2:2. 

46 
44 

However, the segregation of 2-DG resistance of GDG, was not 2:2, but rather 2ª: 19
, confirming the 

conclusion of the free spore analysis according to which the 2-DG resistance and the transport 
deficiency are not located at the same gene. 

Stable dlploid celis for complementation experiments were obtained by crossing the mutant GDG, 

with another one, mat2-P-lys, which is deficient in the early meiotic phase. Ali 109 diploid cells 
tested exhibited the wild type phenotype. Thus, both the transport defect and the 2-DG resistance are 
of a recessive character. 

Genetic analysis of the two transport-deficient mutant strains derived from Se. pombe 972h", 
GDG6 , and GDGs, proved that the mutation was nuclear, monogenic and recessive. 

Acknowledgement. This worlc was supported by the Deutsche Forschungsgemeinschaft, Grant No. 
Ho 555/124. 
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TRANSPORT OF GLUCOSE IN A MUTANT OF THE YEAST 
Hansenula anomala WITH POTENTIAL INTEREST FOR THE 
BIOLOGICAL DEACIDIFICA TION OF GRAPE MUST 

M.CORTE-REALI .C. LUCAS2andC. LEAo2 

1 Laboratory o/ Microbiology, Instituto Ciencias Biomédicas de Abe/ 

Salazar,University o/ Porto, 4000 Porto 
2 Laboratory o/ Microbiology. University o/ M inho, 4719 Braga 

As prevíously reported utílízatíon of L-malic acid by the yeast Hansenula anomala 
was subjected to glucose repression (1 ). Derepressed mutants with respcct to the use 
of malic acid in cond.itions similar to those employed in wine making were obtained. 
These mutant strains displayed inverse diauxy in glucose-malic acid medium (2). In 
order to elucidate the underlying mechanisms to this d.iauxic behaviour a study 
concemed with the transport of glucose in both wild and mutant strains was carried 
out W e measured glucose transpon in the wild strain eíther in repression or 
derepression conditions, comparing the activity of glucose transport(s) system(s) of 
the wild and one of the mutant strains. For the wild strain as derepression conditíons 
we used starvation cells or growth on ethanol, glycerol or malíc acíd while 
repression conditions are considered to be mid exponential growth phase on 2% of 
glucose. 
While glucose repressed cells of the wild strain formed a saturable transport system 
that mediated upcake of glucose, probably by a facilitated diffusion mechanism, in 
derepressed growth cond.itions, a second transport system for glucose was induced 
which appeared to be a proton glucose symport. With respect to the mutant strain, 
evidence was available that the proton glucose symport activity was present even 
under glucose repression conditions. As a consequence, during growth of the 
derepressed mutant strain in a glucose-malic acid medium, two proton symports, 
one for malate and another for glucose were simultaneously present, their substrates 
displaying mutual non-competetive inhibition. Furthermore it was observed a 
significant inhibitor eff ect of malic acid in the transport of glucose during the first 
growth phase. These results may contribute to the explanation of the non utilization 
of glucose in the presence of malic acid and as a consequence of the observed inverse 
diauxy. 

(1) Corte-Real, M. and Leii.o, C. (1990) Appl. Environ. Microbio/ 56: 1109 -
1113. 

(2) Corte-Real, M., Leao, C. an<l van U den, N. (1990) Appl. Environ. Microbio[ 
56: 3402 - 3404. 
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PITFALLS IN THE MEASUREMENT OF GLUCOSE TRANSPORT IN SACCHAROMYCES 

CEREVISIAE ... 

Teresa Gon9alves and Maria C. Loureiro-Dias 

Laboratory of Microbiology, Gulbenkian Institute of Science, 

2781 Oeiras Codex, Portugal 

The purpose of our work was to compare the transport of 

glucose in ethanol and glucose-grown cells of S. cerevisiae. The 

ini ti al uptake rate ( lOs) of the sugar was measured in several 

strains, in a concentration range of 0 . 1 to 25 mM glucose, at 26ºC. 

It was impossible to use higher glucose concentrations (up to 250 

mM) because high blank values (higher than 10% of the sample) were 

obtained and so the results had to be disregarded. 

When the cells were grown on 2% ethanol up toan O.D. of o.a 
(exponential phase) and then harvested and washed with distilled 

water, we found two transport systems, one with a Km of 3-5 mM and 

the other with Km>lO mM. When these cells were incubated during 2h 

with 4% glucose the low affinity system di s apeared. Likewi se . when 

the cells were grown on 2% glucose , only one transport system (the 

high affinity one) was detected. 

In ethanol grown cells it was observed that the Jow affinity 

transport system was only present when the cells, after being 

harvested, were kept on ice for one hour. Experiments with 2-deoxy­

glucose showed that the high affinity transport system was 

completely inhibited while the low affinity transport system was 

not affected by this inhibitor. In glucose grown cells it was not 

possible to fol low the appearance of the low-affini ty transport 

system when the cells were kept on ice for the referred period. 

But, after this in.cubation on ice there was a little increase in 

the Km. 
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MODES OF LACTOSE UPTAKE IN KLUIJVE..'i?OMIJCE..5 MA'l?XJANU5 

1. Spencer-Martins and H. Rodrigues de Sousa 

Lab. Microbiol o gy, Gulbenkian lnstitute of Science, Oeiras, Portugal 

During a survey conducted on twelve lactose-asslmllatlng strains 

of K-lu¡¡ve11.om¡¡ce4 ma11.x.i.an1M and related species K. 1-ac:ti.A three types of 

behaviour were fo und
1

, in lactose-grown cells, with respect to lactose 

uptake mechanisms: (eight strains)-lactose transported by an ap­

parenl proton symport mechanism, transport modes for glucose and ga­

lactose variable. lt corresponds to described lactose transport systems 

in this microo rganism¡ 11 (two strains) - no apparent lactose-proton 

symporl, glucose and ga lactose transported by an apparent proton sym­

port, and 111 (two strains)- neither sugar was apparently transported 

by a proton symport. From the las! group one strain, K. ma11.x.i.anU4 

( bu.f_r;,UA.JLU4} IGC 2948, was selected for further studies. 

The lactose uptake system in K. ma11.x.i.an_u4 IGC 2948 was inducible 

and subject to regulatory effects by glucose (catabolite repression and 

activation) . Transport of labelled lactose by lactose-grown cells, 

harvested in mid-exponential phase of growth, displayed Michaelis-Men­

ten kinetics with the following parameters al 25°C, pH 5: V = 0.7- 0.8 
max 

mmoles / h.g dry weight, Ks= 0.6-0.7 mM). lnitial lactose uptake did not 

affecl membrane polarization as measured with a fluorescent dye. Ga­

lacto se inhibited the uptake of labelled lactose. The same results were 

observed with other B-galactos idase inhibitors. Simultaneous addition of 

lactose and glucose or galactose caused extracellular alkalinization of 

the yeast suspension in water. 

Lactose uptake in this strain was shown to proceed mainly via two 

different coex isting, but essential ly alternative mechanisms: lactose is 

hydrolysed on the cell surface, by an exocellular S-galactosidase, and 

the resulting products of hydrolysis enter the cel 1 through a passive 

transport system¡ and lactose is transported by a proton symporter di­

rectly into the cell and is hydrolysed intracellularly. 

Carvalho-Si lva, M., Spencer-Martins, 1. (1990), Antonie van Leeuwen­

koek 57: 77-81 

(supported, in part, by JNICT, Llsbon) 
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Do baker's yeast strains have different sugar transport characte­
ristics as compared with laboratory strains? 
N.G. Grobben, M.A. Herweijer, Gist-brocades, P.O. Box 1, 2600 MA 
Delft, The Netherlands 

The aim of this study was to characterize sugar transport in one 
of our baker' s yeast .strains. Since baker' s yeast is optimized 
for growth wi th high yield on molas ses, we were interested to 
compare glucose and fructose transport systems of our strains 
with literature data on sugar uptake systems in laboratory stra­
ins. 
Most authors report that in Saccharomyces cereyisiae fructose and 
glucose are transported by the same carriers. The sugars are 
taken up by facilitated diffusion. However, on:;_ brewer's yeast 
strain has been reported to have a specific llf:ructose symport 
[Casen et al., 1986). 
Using a sensitive pH-detection assay, developed to study maltose 
permease kinetics, we could not detect aH~ructose symport in ~ur 
baker' s yeast stra in. Further studies were performed wi th 1 c­
glucose and 14C-fructose. 
Contrary to what has been reported by most authors, the results 
of our measurements could be : adequately described by a one:-Km 
uptake system. We could not fit the data with a low and a high 
affinity glucose carrier. For glucose transport we measured a Km 
of 5-8 mM, and for fructose transport a K of 10-20 mM. 
To compare in vitro measurements of tra~sport with uptake kine­
tics in vivo, yeast was grown in continuous culture at different 
growth rates. When the kinetic constants obtained from in vitro 
experiments were used to calculate the glucose uptake in the 
fermentor, an underestimation of the uptake rate was found. This 
discrepancy can be explained in several ways. 
l. we wrongly interpreted our in vi tro data as containing no 
high-affinity uptake system. 
2. in vitro measurements with radioactive substrates do not 
adequately predict the in vivo sugar uptake rates. 
Arguments will be presented that the second explanation is the 
most likely. 

Casan, D.T., Spencer-Martins, I., Van Uden, N. (1986) FEMS Mi­
crob Lett l..§., 307-309 
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THE CHANGE OF ACTIVITIES OF SOME VACUOLAR TRANSPORT SYSTEMS 

DURING THE YEAST GROWTH 

Kulakovskaya T.V., Okorokov L.A., Matyashova R.N., 

Shishkanova N.V. 

Institute of Biochemistry and Physiology of Hicroorganisms, 

USSR Academy of Sciences, Pushchino, Hoscov Region, 142292, USSR 

The yeast Candida lipolytica oversynthesizes citric acid the 

excretion mechanism of which is unknown. At the same time, the 

vacuoles of the yeast s. pastorianus have the citrate transport 

system [1] whose physiological significance is not quite clear. 

The question was whether the c.lipolytica vacuoles have the cit­

rate transport system and if it is involved in citrate excretion, 

presumably, by way of exocytosis. To elucidate this, we isolated 

vacuoles from the c.lipolytica cells which enhance the production 

of citric acid severalfold (Table 1). ATPase of the C.lipolytica , 

vacuoles features high activity which goes down during the growth. 

Simultaneously, the values of ATP-dependent ApH and membrane po-

tential (Em) generated at the tonoplast were observed to decrease. 

It is significant, however, that the values of ApH and Em were 

comparable with those sufficient to provide citrate and 

a-ketoglutarate transport in the S.pastorianus vacuoles. What is 

2+ more, transport of Ca which was severa! times as intensive as 

that of citrate did not significantly decrease in the C.lipolytica 

vacuoles whereas the citrate transport disappeared completely. The 

latter was observed only at the beginning of C.lipolytica growth. 

Interestingly, the vacuoles of the yeast C.lipolytica grown under 

carbon deficit when the citrate secretion is insignificant also 

showed the decrease in the ATPase activity, in the values of ApH 
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MISUSE OF NONLINEAR EADIE-HOFSTEE PLOTS 

C.Wrede. B.Volker and G.F.Fuhrmann 

Institut für Pharmakologie und Toxikologie. Philipps-Universitat 

Marburg. D-3550 Marburg !FRGl 

Eadie-Hofstee plots are often used for the analysis of kinetic 

parameters from biological systems which follow a saturation 

kinetic. mathematically described by Michaelis-Menten !Eqn.ll. 

as enzyme reactions. 

Analysis of such systems in which two saturable processes are 

involved leads to nonlinear Eadie-Hofstee plots. It has become 

the practice to analyse the two quasilinear slopes. assuming 

each slope beina described by a form of Eqn.2. 

Resolution of nonlinear plots cannot be done by eye. as has been 

shown for nonlinear Scatchard plots ( 1 l. Parameters determined 

by graphical analysis of nonlinear Eadie-Hofstee plots are often 

in erroneous. 

Eadie and Hofstee transformed the Michaelis-Menten equation 

(Eqn.ll to a linear form which easily allows the extraction of 

the unknown parameters graphically by plotting V versus V IS 

!Eqn.2). 

(11 

(2) 

If two Michaelis-Menten kinetics are involved. the system can be 

described by the following equation: 

V,.,1 • S VH2 • S 
+ 

X"1 + S K112 + S 
{ 3) 
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(4) 

From conversion to the Eadie-Hofstee form (Eqn.4) it is obvious 

that no simple addi tion of linear functions is obtained and 

therefore no linearisation of quasilinear slopes is possible. 

The same is shown for addition of one Michaelis Menten term and 

a simple diffusion (Eqns.5 and 6). 

V"• S 
+ s • KD .re,, + s 

V 
V = -.1(_., • s + v.., + KD • .U<.., + S) 

(5) 

(6) 

In Saccharomyces cerevisiae. several transport systems were 

characterized by analysis of such nonlinear plots. 

In these cells glucose transport . as shown by countertransport 

experiments. occurs by facilitated diffusion (net flux= influx 

- efflux) . It is necessary to keep the uptake period short 

enouah (for example 5 sec.) in order not to have a significant 

efflux. Only under these conditions initial uptake experiments 

can be evaluated by the equations given above. 

Linearization of two quasilinear slopes in Eadie-Hofstee plots 

of ini ti al uptake experiments in Saccharomyces cerevisiae has 

led to the prediction of two glucose transport systems. one is 

constitutive with a KM value of about 20 mM ("low affinity 

system"l and one with a K~ value of 1-2 mM ("high affinity 

system") 121. 

In Fig.l kinetics of two facilitated diffusion systems with KM! 

= 4 mM and v~ 1 = 40 (nmol/minl /m9 ldashed line). K,2 = 20 mM and 

v~ 2 = 100 lnmol/min) /mg ldotted line). and addition of these 

processes lsolid linel are generated. Fig. la shows the S vs. V 

plot. Fig. lb the Eadie-Hofstee plot. The values are chosen to 

simulate a "high affinity" and a "low affinity" glucose uptake 

system as proposed by Bisson 12) and others. It is obvious that . 

in the range of normally used substrate concentrations. 

graphical determination of parameters by linearization of the 

two slopes does not represe~t the generated curve. 
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Fig.2 demonstrates the behaviour of one facilitated diffusion 

system with K~ = 4 mM and V~ = 40 (nmo,l/minl /mg (dashed linel, a 

simple diffusion with Kr = 0.1 (µl/minl / mg (dotted linel , and 

addition of these systems (solid linel. The so called " low 

affinity system" of Bisson and others appeared in our analysis 

by computer assisted nonlinear regression ( 3 l to be a first 

order term which we interprete as a simple diffusion. 

Graphical analysis of nonlinear Eadie-Hofstee plots is often 

complicated by low V~-values. Then. the slope designated as "high 

affinity" slope becomes rather short (Fig.3) and in combination 

with normal scattering of the data points it is difficult to 

detect this slope. This might have led to the interpretation 

that the "high affinity" glucose transport is absent in sorne 

snfJ mutants of Saccharomyces cerevisiae (4) . 

Graphical analysis of kinetic parameters has been developed 

before computer assisted nonlinear regression was possible . This 

regression analysis is the best way to obtain more precise 

kinetic parameters. However. if graphical methods are used, the 

extracted parameters should be taken to regenerate a new curve . 

which should be in agreement with the original one. 

References: 
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OPTIMIZATION OF MEMRRANE TRANSl'ORT MODELS USING EVOLUTIO­
NARY STRATEGIES 

J. Lenz. M. Hiifcr 
Botanische.~ lnstitut cler Universitat Bonn. 5300 Bonn , FRG. 

The degree of natural optimization of special qualitie.~ of biological systems cluring evolution 
can he investigated hy an application of mathematical optimizing techniqucs to appropriate models 
(Honig & Stein, 1978; Burhaum et al., 1989). We tested a simple algorithm, based on the theory of 
evolutinnary strategies (Rechenherg, 1973), on two difforent transport-models. The optimizing 
process utilizes principies of biological evolution, e.g. mutation, selection, and recomhination . This 
method has already heen successfully applied to the construction of medica! devices . to prohlems in 
economy, and to the inve.~tigation of neural networks . 

In principie, the algorithm works as follows : First, a quality Q which should be optimized is 
defined as a function of special parameters . In each step (generation} of the algorithm the initial 
parameter value.~ are altered randnmly by small amounts (mutation), while the original parameter 
values are retained in memory. Second, the values of Q belonging to the altered and the unaltered set 
of parameters are compared . The set of parameters which gives an improved value of Q is then 
selected a.~ the new initial point of the next generation (selection) . The whole proccdure is devided 
into phases with different size.~ of mutation steps , and is terminated after a cert~in number of 
generations . 

A model of a symporter is shown in Fig . 1. The signs ' and " denote the two sides of a 
membrane, A and B are the suhstrates, Ki are the dissociation constants and kj are the rate constants. 
The unidirectional flux of A, divided hy the total concentration of symporter molecules (the quality 
Q), was maximized as a function of dissociation constants K 1 and K2, as well as of ali rate constants 
kj, with A'=B'=I and A"=B" =O. All parameter values were initially set to 1, and during 
optimization restricted to the interval (1, 10). The dissociation constants K3 and K4 were calculated 
using two Wegschneider relations of the system. The quality Q reached maximum for dissociation 
constants approaching 1 (the lower limit) and rate constants in both directions approaching JO (the 
upper limit) . 

On the other hand, the accumulation ratio A '/A" at a steady state (Q) was maximized as a 
function of dissociation constants K 1 and K2 and of ali rate constants, with B' = 10 and B" = 1. In this 
case the quality Q reached maximum for dissociation constants K2 and K4 and rate constants k3 and 
k4 approaching 1, and rate constants kl and k2 approaching 10. Rate constants k3 and k4 represen! a 
leakage flux of A which reduces the accumulation ratio . After severa! reiterations of the optimizing 
process the standard deviations of the remaining parameters remained high . Obviously, these 
parameters do not affect the optimization of the quality Q. lt can indeed be shown analytically that 
they do not determine the value of Q. Therefore, no asymmetry with regard to the dissociation 
constants is required to give a high accumulation ratio. 

Under the given conditions, the unidirectional flux of A and the accumulation ratio A" I A' 
cannot be maximized al the same time, since the values of k3 and k4 have to be large in the first case 
and small in the second case. 

A model of a carrier is shown in Fig. 2 . Here again, A denotes the substrate, and L" is a 
ligand restricted to side ". lf the concentration of L" is oscillating or fluctuating around a mean 
val u e, the system is able to do work, i.e. a net flux of A from ' to " exists, even if A'= A" . The 
precond ition of this behavior is that the fluctuations be externa!, i.e. that they are imposed on the 
system (this could also be shown by Monte Cario simulations), and that there exists an asymmetry 
with regard to the rate constants (Westerhoff et al. , 1986; Chen 1987). Starting with A' =A"= 1 M 
we max imized the increase in concentration of A" (Q) after a given time interval as a function of rate 
constants (Fig. 3) . Their values were again restricted to the interval (1, 10) and k6 was calculated 
using the Wegscheider relation . The concentration of L" was determined by a Maander-function, 
oscillating between O M and t M with a frequency of l/s . The calculation yielded these optima] 
values for the rate constants: kl =4.0, k2=1.5, k3=2 .0, k4=5.0, k5= JO.O, k6=4.3, k7=4.0, 
k8= JO.O. With the.~e values given. in equilibrium the concentrations of C' and CAL" are almost 
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equal and low, and those nf CA' and CL" are almost equal hut high . lt is surprising. that these values 
do not repre.~ent the highest possihle asymmetry. What we here ohserve is perhaps a phenomenon of 
re.~onance. 

The aims of a future wnrk will he a further development of the optimizing algorithm, and its 
appl ication to more complex transport models (including those which comhine severa! transport 
systems) . In this way, we hope to come to a hetter understanding of the designing principies of the 
memhrane transport sy~tems . 
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generation O). The mutation step-size was changed every 100 
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KINETIC ANALYSIS OF THE PLASMA MEMBRANE H+ATPase OF YEAST: DE­
PEDENCE ON EXTRACELLULAR pH 

Dietrich Kuschmitz 
Max-Planck-Institut für Ernahrungsphysiologie 
Rheinlanddamm 201, D-4600 Dortmund 1 

In a first part of a kinetic analysis of the plasma membrane 
H+ATPase of yeast it was shown (1) that the model with the re­
action sequence: 

- E2 - El - H+El - H+El"ATP - H+El-P"ADP - H+El-P -
H+E2"Pi - E2•Pi - E2 -

describes the pH dependence of Km(ATP) (2) and, with 
K(El/E2)<1, the high Km(ATP) at low Ka(ATP) (3). On the basis 
of K(El/E2) shift a kinetic hypothesis of the so called 
"glucose activation" (4) was developed. Intra- and extracellu­
lar intrinsic (thermodynamic) pKs of 5.5-6 and 2.5-3 respec­
tively were derived in agreement with the Neurospora enzyme 
(5). The second part of the kinetic analysis deals with the 
dependence of the H+ATPase in the glucose activated cellular 
state on the extracellular pH. Calculation yields an apparent 
(kinetic) extracellular pK of 1.5-1.95, which does not agree 
with experimental results. Half maximal initial extracellular 
acidification rates (VmaxH+/ 2) are measured at pH 3.9-4.2 
(absence of K+) which agrees with pKa 3.9 in proteoliposomes 
co-reconstituted with purified S.c. H+ATPase and bacterio­
rhodopsin (6). Saturating K+concentrations shift VmaxH+/2 down 
to pH 3.3-3.8 and accelerate acidification rates, suggesting 
that the membrane potential affects both the extracellular pK 
and the turnover of the ATPase. Calculations, using also an 
expanded reaction sequence with separated steps of H+tra ns­
location and E-P hydrolysis, show that besides the ex­
tracellular pK either also the intracellular pK or one of the 
El-E2 transition must be dependent on the membrane potential. 
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THE GLUCOSE INDUCED RAS-MEDIATED cAMP SIGNALING PATHWAY IN THE VEAST 
SACCHAROMYCES CEREVISIAE 

J.M. Thevelein, L. Van Aelst, K. Mbonyi, J.C. ArgOelles, M. Vanhalewyn, P. Dumez, S. 
Hohmann, J. Becher dos Passos 
Laboratorlum voor Cellulalre Blochemle, Katholleke Unlversltelt te Leuven, Kardlnaal 
Mercler1aan 92, B-3001 Leuven-Hever1ee, Flancfers, Belglum 

The addltion of fermentable sugar to derepressed yeast cells causes a rapld slgnal-llke splke 
In the cAMP level whlch, based on studles wlth temperature-sensltlve mutants In cAMP 
synthesls, appeared to trigger a protein phosphorylation cascada. Evldence was obtained that 
induction of the cAMP signal by fermentable sugar is mediated by the CDC25-RAS-adenylate 
cyclase pathway. In this way, fermentable sugar was ldenlilied as the first physiological actlvator 
of the RAS-adenylate cyclase pathway in yeast. Detection of fermentable sugar In the medium is 
obvlously of crucial impor1ance to yeast cells. Activation of the RAS pathway Is only triggered by 
fermentable sugars ancf only in concentrations (K112 = ±15-20 mM) which result In fermentation 

of sugar to ethanol. Lower concentratlons of these sugars are metabollzed by means of 
respiration ancf do not activate the pathway. Therefore, the RAS pathway in yeast appears to 
serve as a specific sensor for the detection of fermentable sugars in concentrations appropriate 
for fermentation. Whether the iow-aflinity glucose carriers play an active role in the sensing 
mechanism or whether there exists a special receptor for the glucose Is unclear. Whatever the 
nature of the glucose receptor, it clearly has a much lower allinity for glucosa !han the sugar 
kinases or the high-allinity sugar transport system. A deletion mutan! in the SNF3 gene, which 
encodes a componen! of the high-alfinity glucose transport system, is not alfected in glucose­
induced cAMP signaling. Recen!ly, two mutants (fdp1 and byp1) specifically alfected in 
glucose-induced cAMP signaling and one mutan! (lcr1) allected both in glucosa- and 
acidilica!lon-induced cAMP signaling (but not in basal cAMP synthesis) have been ldentified. 
Recent results on the cloning of the FDP1, BYP1 and LCR1 genes and the function of their 
gene products will be presented. Evidence has also been provided that the transient natura of 
the cAMP increase is dueto feedback-lnhibition by cAMP-dependent protein kinase. 

lntracelluiar acidification also stimulates the RAS-adenyiate cyclase pathway. Thls occurs al a 
point downstream of the first part of the pathway which is only required for stimulation by 
fermentable sugar. Hence, intracellular acidification apparently constitutes another physiological 
trigger of the RAS-adenylate cyclase pathway in yeast. This makes sense in view of the 
stimulating ellect of the pathway on the mobilization ol reserve carbohydrates and the 
generation of energy. lncreased energy production is an obvious requirement to overcome 
stress conditions and under such conditions intracellular acidilication might generally be 
expected to occur in yeast cells. Acidification-induced stimulation of the RAS-adenylate cyclase 
pathway might constitute a rescue mechanism for cells sulfering from stress concfitions. Recen! 
results conceming the connection between the giucose-induced RAS-cAMP pathway and the 

pathway responsible for activation ol plasma membrane H+-ATPase will be discussed. 

The discovery ol fermentable sugar as trigger for the RAS pathway in yeast appeared to 
support the generally held, but poorly substantiated idea that nutrients act as stimulators of this 
pathway. Recen! studies however with glucose represslon mutants and with mutants alfected in 
derepression showed that the sugar-induced activatlon pathway of RAS-adenylate cyclase Is a 
glucose-repressible pathway. The glucose-induced cAMP signal is absent in glucose­
repressed wlld type cells and in cells of mutants (cat1, cat3) unable to show derepression. In 
addition, mutants lacking glucose repression such as hxk2 and hex2 and mutants with strongly 
reduced ac!lvity of cAMP-dependent protein kinase showing deficient glucosa repression, 
show glucose-induced stimulation of cAMP synthesis when grown on glucosa. Ali results 
obtained in this respect are conslstent with the presence of a glucose-repressible protein In the 
pathway, although this protein has not yet been identified. The finding that the glucose­
activation pathway of RAS-adenylate cyclase is glucose-repressible has important conse­
quences. 11 confines the physiological role of this pathway to the transition perlod between the 
respirative-gluconeogenic growth mode and the fermentativa growth mode. A second conse­
quence Is that the pathway cannot act as a trigger for progression over the 'start' point of the 
yeast cell cycle since the pathway is no longer operativa during exponential growth on glucosa. 
Although the glucose-induced RAS-cAMP pathway does not appear to be responsible for the 
main glucose repression mechanism, !he pathway has a common initiation point wlth the 
pathway responsible for glucosa represslon. 
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CONCLUSIONS ANO PERSPECTIVES 

Alonso Rodríguez-Navarro. Escuela Técnica Superior de 
Ingenieros Agrónomos. Madrid 

Energetics and transport through membranes have been 
extensively studied in all types of living cells during 
the past three decades. Still, the incorporation · of the 
recombinant-DNA technology as a normal tool in biological 
research has produced a significant boost in the field. 

This workshop has shown, once more, that almost every 
technique used in the research of energetics and membrane 
transport can be used with yeast. This variety of the 
experimental methods together with the extensive 
information on its biology and the simplicity of its 
genetic manipulation make yeast an invaluable tool for 
the research on membrane functions. Furthermore, the 
information obtained with yeast can be used as a basic 
models for other cell-walled eucariotic cells, as those 
of plants, in which basic research presents more 
difficulties. 

An important disadvantage in the use of yeast cells 
in transport studies is the actual difficulty of using 
them for electrophysiology. The small size of yeast cells 
make it difficult to impale them with electrodes, and 
basic data, as the membrane potential, are still unknown 
for yeast researchers. A significant breakthrough in the 
study of electrical processes in the yeast membrane is 
the patch clamp technique. The two communications on 
patch clamp in the workshop show that the technique is 
ready for extensive studies. However, patch clamp may not 
be sufficient to investigate many electrical processes of 
the plasma membrane of yeast. Researchers in the field 
must pursue alternative techniques. 

A consequence of the unanimous consensus on the 
utility of the workshop was the unanimous decision of 
holding a new meeting next year, the tenth of the series. 
Since science progresses posing new questions, the tenth 
will not be the last. And we hope that in a near future 
we will have the opportunity to meet again in a new 
Workshop organized by Fundación Juan March. 
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and the Graduate School of the 
City University of New York 
Flushing, New York 11367 (USA) 
Tel.: 718 997 3410 
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(Mathematics, Physics, Chemistry, Biology, Medicine) 

2 Mulet, A: 
Estudio del control y regulación, me­
diante un calculador numérico, de una 
operación de rectificación discontinua. 

4 Santiuste, J. M.: 
Combustión de compuestos oxigena­
dos. 

5 Vicent López, J . L. : 
Películas ferromagnéticas a baja tem­
peratura. 

7 Salvá Lacombe, J . A. : 
Mantenimiento del hígado dador in vi­
tro en cirugía experimental. 

8 Plá Carrera, J .: 
Estructuras algebraicas de los siste­
mas lógicos deductivos. 

11 Drake Moyano, J . M.: 
Simulación electrónica del aparato 
vestibular. 

19 Purroy Unanua, A. : 
Estudios sobre la hormona Natriuréti­
ca. 

20 Serrano Molina, J . S.: 
Análisis de acciones miocárdicas de 
bloqueantes Beta-adrenérgicos. 

22 Pascual Acosta, A.: 
Algunos tópicos sobre teoría de la in­
formación. 

25 1 Semana de Biología: 
Neurobiología. 

26 1 Semana de Biología: 
Genética. 

27 1 Semana de Biología: 
Genética. 

28 Zugasti Arbizu , V.: 
Analizador diferencial digital para con­
trol en tiempo real. 

29 Alonso, J. A. : 
Transferencias de carga en aleaciones 
binarias. 

30 Sebastián Franco, J . L. : 
Estabilidad de osciladores no sinusoi­
dales en el rango de microondas. 

39 Blasco Oleína, J. L.: 
Compacidad numerable y pseudocom­
pacidad del producto de dos espacios 
topológicos. 

44 Sánchez Rodríguez, L.: 
Estudio de mutantes de saccharomy­
ces cerevisiae. 

45 Acha Catalina, J. l. : 
Sistema automático para la explora­
ción del campo visual. 

47 García-Sancho Martín, F. J.: 
Uso del ácido salicílico para la medida 
del pH intracelular. 

48 García García, A.: 
Relación entre iones calcio, fármacos 
ionóforos y liberación de noradrena­
lina. 

49 Trillas, E. y Alsina, C. : 
Introducción a los espacios métricos 
generalizados. 

50 Pando Ramos, E. : 
Síntesis de antibióticos aminoglicosí­
dicos modificados. 

51 Orozco, F. y López-Fanjul , C.: 
Utilización óptima de las diferencias 
genéticas entre razas en la mejora. 
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52 Gallego Fernández, A. : 
Adaptación visual. 

55 Castellet Solanas, M.: 
Una contribución al estudio de las teo­
rías de cohomología generalizadas. 

56 Sánchez Lazo, P.: 
Fructosa 1,6 bisfosfatasa de hígado de 
conejo: modificación por proteasas li­
sosomales. 

57 Carrasco Llamas, L.: 
Estudio sobre la expresión genética de 
virus animales. 

59 Alfonso Rodriguez, C. N.: 
Efectos magneto-ópticos de simetría 
par en metales ferromagnéticos. 

63 Vidal Costa, F. : 
A la escucha de los sonidos cerca de 
T). en el 4He líquido. 

65 Andréu Morales, J. M.: 
Una proteína asociada a membrana y 
sus subunidades. 

66 Blázquez Fernández, E.: 
Desarrollo ontogénico de los recepto­
res de membrana para insulina y glu­
cagón. 

69 Vallejo Vicente, M.: 
Razas vacunas autóctonas en vías de 
extinción. 

76 Martín Pérez, R. C.: 
Estudio de la susceptibilidad magne­
toeléctrica en el Cr20 3 policristalino. 

80 Guerra Suárez, M.a D. : 
Reacción de amidas con compuestos 
organoalumínicos. 

82 Lamas de León, L. : 
Mecanismo de las reacciones de ioda­
ción y acoplamiento en el tiroides. 

84 Repollés Moliner, J. : 
Nitrosación de aminas secundarias 
como factor de carcinogénesis am­
biental. 

86 11 Semana de Biología: 
Flora y fauna acuáticas. 

87 11 Semana de Biología: 
Botánica. 

88 11 Semana de Biología: 
Zoología. 

89 11 Semana de Biologia: 
Zoología. 

91 Viétez Martín, J. M.: 
Ecología comparada de dos playas de 
las Rías de Pontevedra y Vigo. 

92 Cortijo Mérida, M. y García Blanco, F.: 
Estudios estructurales de la glucógeno 
fosforilasa b. 

93 Aguilar Benítez de Lugo, E.: 
Regulación de la secreción de LH y 
prolactina en cuadros anovulatorios 
experimentales. 

95 Bueno de las Heras, J. L.: 
Empleo de polielectrolitos para la flo­
culación de suspensiones de partícu­
las de carbón. 

96 Núñez Alvarez, C. y Ballester Pérez, A.: 
Lixiviación del cinabrio mediante el 
empleo de agentes complejantes. 

101 Fernández de Heredia, C. : 
Regulación de la expresión genética a 
nivel de transcripción durante la dife­
renciación de artemia salina. 

103 Guix Pericas, M.: 
Estudio morfométrico, óptico y ul­
traestructural de los inmunocitos en la 
enfermedad celíaca. 

105 Llobera i Sande, M.: 
Gluconeogénesis «in vivo» en ratas so­
metidas a distintos estados tiroideos. 

106 Usón Finkenzeller, J. M.: 
Estudio clásico de las correcciones ra­
diactivas en el átomo de hidrógeno. 

107 Galián Jiménez, R. : 
Teoría de la dimensión. 

111 Obregón Perea, J. M.": 
Detección precoz del hiporitoidismo 
congénito. 

115 Cacicedo Egües, L. : 
Mecanismos moleculares de acción de 
hormonas tiroideas sobre la regula­
ción de la hormona tirótropa. 

121 Rodríguez García, R.: 
Caracterización de lisozimas de dife­
rentes especies. 

122 Carravedo Fantova, M.: 
Introducción a las orquídeas espa­
ñolas. 
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125 Martínez-Almoyna Rullán, C. : 
Contribución al estudio de la Manome­
tría ano-rectal en niños normales y con 
aletraciones de la continencia anal. 

127 Marro, J.: 
Dinámica de transiciones de fase: Teo­
ría y simulación numérica de la evolu­
ción temporal de aleaciones metálicas 
enfriadas rápidamente. 

129 Gracia Garcia, M.: 
Estudio de cerámicas de interés ar­
queológico por espectroscopia Mtiss­
bauer. 

131 García Sevilla, J. A.: 
Receptores opiáceos, endorfinas y re­
gulación de la síntesis de monoaminas 
en el sistema nervioso central. 

132 Rodríguez de Bodas, A.: 
Aplicación de la espectroscopia de 
RPE al estudio conformacional del ri­
bosoma y el tRNA. 

136 Aragón Reyes, J . L.: 
Interacción del ciclo de los purín nu­
cleóticos con el ciclo del ácido cítrico 
en músculo esquelético de rata duran­
te el ejercicio. 

139 Genís Gálvez, J . M.: 
Estudio citológico de la retina del ca­
maleón. 

140 Segura Cámara, P.M.: 
Las sales de tiazolio ancladas a sopor­
te polimérico insoluble como cataliza­
dores en química orgánica. 

141 Vi cent López, J. L. : 
Efectos anómalos de transporte eléc­
trico en conductores a baja tempera­
tura. 

143 Nieto Vesperinas, M.: 
Técnicas de prolongación analítica en 
el problema de reconstrucción del ob­
jeto en óptica. 

145 Arias Pérez, J.: 
Encefalopatía portosistémica experi­
mental. 

147 Palanca Soler, A.: 
Aspectos faunísticos y ecológicos de 
carábidos altoaragoneses. 

150 Vioque Cubero, B. : 
Estudio de procesos bioquímicos im­
plicados en la abscisión de la aceituna. 

151 González López, J. : 
La verdadera morfología y fisiología de 
Azoyobacter: células germinales. 

152 Calle García, C.: 
Papel modulador de los glucocorticoi­
des en la población de receptores para 
insulina y glucagón. 

154 Alberdi Alonso, M.ª T. : 
Paleoecología del yacimiento del Neó­
geno continental de Los Valles de 
Fuentidueña (Segovia). 

156 Gella Tomás, F. J .: 
Estudio de la fosforillasa kinasa de hí­
gado y leucocitos: purificación, carac­
terísticas y regulación de su actividad. 

157 Margalef Mir, R. : 
Distribución de los macrofitos de las 
aguas dulces y salobres del E. y NE. 
de España y dependencia de la com­
posición química del medio. 

158 Alvarez Fernández-Represa, J .: 
Reimplantación experimental de la ex­
tremidad posterior en perros. 

161 Tomás Ferré, J. M.a: 
Secreción y reutilización de trifosfato 
de adenosina (ATP) por sinaptosomas 
colinérgicos. 

163 Ferrándiz Leal, J. M.: 
Estudio analítico del movimiento de 
rotación lunar. 

164 Rubió Lois, M.; Uriz Lespe, M.a J . y Bibi­
loni Rotger, M.a A.: 
Contribución a la fauna de esponjas 
del litoral catalán. Esponjas córneas. 

165 Velasco Rodríguez, V. R.: 
Propiedades dinámicas y termodiná­
micas de superficies de sólidos. 

166 Moreno Castillo, l.: 
Ciclo anual de zooplancton costero de 
Gijón. 

168 Durán García, S.: 
Receptores insulínicos en hipotálamo 
de rata: localización subcelular y me­
canismo(s) de regulación. 

169 Martínez Pardo, R.: 
Estudio del mecanismo secretor de 
hormona juvenil en oncopeltus fascia­
tus. 

Fundación Juan March (Madrid)



171 García Jiménez, J.: 
Fusariosis del gladiolo: un estudio pre­
liminar. 

173 Fernández Aláez, C. : 
Análisis estructural en sabinares de la 
provincia de León. 

174 Furio Egea, J. : 
Citokinas en agrios. Actividades endó­
genas, efectos fisiológicos y aplicacio­
nes. 

180 Moreno Rodríguez, J. M.: 
Estudios ecológicos en jarales (cistion 
laurofilii): Variación anual de algunos 
factores del entorno y manifestaciones 
fenológicas. 

182 Pons Vallés, M.: 
Estudios espectroscópicos de fosfolí­
pidos polimerizables. 

183 Herrero Ruiz de Loizaga, V. J.: 
Estudio de reacciones químicas por 
haces moleculares. Aplicación a la 
reacción C2H5Br + K Brk + C2 H5• 

193 Martín García, V. S. : 
Utilización sintética en química orgáni­
ca de metales pesados como cataliza­
dores. Oxidación asimétrica. 

195 Badía Sancho, A.: 
Receptores presinápticos en el con­
ducto deferente de rata. 

196 Estévez Toranzo, A.: 
Supervivencia de patógenos bacteria­
nos y virales de peces en sistemas de 
cultivo. 

197 Lizarbe lracheta, M.ª A.: 
Caracterización molecular de las es­
tructuras de colágeno. 

203 López Calderón, l.: 
Clonación de genes de «Saccharomy­
ces cerevisiae» implicados en la repa­
ración y la recombinación. 

211 Ayala Serrano, J. A.: 
Mecanismo de expresión de la PBP-3 
de «E. coli»: Obtención de una cepa hi­
perproductora de la proteína. 

240 Genetic Strategies in Development. 
Symposium in honour of Antonio García 
Bellido. Lectures by S. Ochoa, S. Bren­
ner, G. S. Stent, E. B. Lewis, D. S. Hog­
ness, E. H. Davidson, J. B. Gurdon and 
F. Jacob. 

244 Course on Genome Evolution. 
Organized by E. Viñuelas. Lectures by R. 
F. Doolittle, A. M. Weiner/N. Maizels, G. 
A. Dover, J. A. Lake, J. E. Walker, J. J. 
Beintema, A. J. Gibbs, W. M. Fitch, P. Pa­
lese, G. Bernardi and J. M. Lowenstein. 

246 Workshop on Tolerance: Mechanisms 
and implications. 
Organized by P. Marrack and C. Martí­
nez-A. Lectures by H. von Boehmer, J. 
W. Kappler, C. Martínez-A., H. Wald­
mann, N. Le Douarin, J. Sprent, P. Mat­
zinger, R. H. Schwartz, M. Weigert, A. 
Coutinho, C. C. Goodnow, A. L. DeFran­
co and P. Marrack. 

247 Workshop on Pathogenesis-related 
Proteins in Plants. 
Organized by V. Conejero and L. C. Van 
Loan. Lectures by L. C. Van Loon, R. Fra­
ser, J. F. Antoniw, M. Legrand, Y. Ohashi, 
F. Meins, T. Boller, V. Conejero, C. A. 
Ryan, D. F. Klessig, J. F. Bol, A. Leyva 
and F. Garcia-Olmedo. 

248 Beato, M.: 
Course on DNA - Protein lnteraction. 

249 Workshop on Molecular Diagnosis of 
Cancer. 
Organized by M. Perucho and P. García 
Barreno. Lectures by F. McCormick, A. 
Pellicer, J. L. Bos, M. Perucho, R. A. 
Weinberg , E. Harlow, E. R. Fearon, M. 
Schwab, F. W. Alt, R. Dalla Favera, P. E. 
Reddy, E. M. de Villiers, D. Slamon, l. B. 
Roninson, J. Groffen and M. Barbacid. 

251 Lecture Course on Approaches to Plant 
Development. 
Organized by P. Puigdoménech and 
T. Nelson. Lectures by l. Sussex, R. S. 
Poethig, M. Delseny, M. Freeling, S. C. de 
Vries, J. H. Rothman, J. Modolell , F. Sala­
mini , M. A. Estelle, J. M. Martínez Zapater, 
A. Spena, P. J. J. Hooykaas, T. Nelson, 
P. Puigdoménech and M. Pagés. 

252 Curso Experimental de Electroforesis 
Bidimensional de Alta Resolución. 
Organizado por Juan F. Santarén. Semi­
narios por Julio E. Celis, James l. Garrels, 
Joel Vandekerckhove, Juan F. Santarén 
y Rosa Assiego. 

253 Workshop on Genome Expression and 
Pathogenesis of Plant RNA Viruses. 
Organized by F. García-Arenal and P. Pa­
lukaitis. Lectures by D. Baulcome, R. N. 
Beachy, G. Boccardo, J. Bol, G. Bruening, 
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J. Burgyan, J. R. Díaz Ruiz, W. G. Dou­

gherty, F. García-Arenal , W. L. Gerlach , 

A. L. Haenni, E. M. J. Jaspars, D. L. Nuss, 

P. Palukaitis, Y. Watanabe and M. Zaitl in. 

254 Advanced Course on Bíochemistry and 

Genetics of Yeast. 

Organized by C. Gancedo, J . M. Gance­

do, M. A. Delgado and l. L Calderón. 

255 Workshop on The Reference Points in 

Evolution. 

Organized by P. Alberch and G. A. Dover. 

Lectures by P. Alberch , P. Bateson, R. J. 

Britten, B. C. Clarke, S. Conway Morris, 

G. A. Dover, G. M. Edelman, R. Flavell, 

A. Fontdevila, A. García-Bellido, G. L. G. 

Miklos, C. Milstein, A. Moya, G. B. Müller, 

G. Oster, M. De Renzi, A. Seilacher, 

S. Stearns , E. S. Vrba, G. P. Wagner, 

D. B. Wake and A. Wilson . 

256 Workshop on Chromatin Structure and 

Gene Expression. 

Organized by F. Azorín, M. Beato and 
A. A. Travers. Lectures by F. Azorín , M. 

Beato, H. Cedar, R. Chalkley, M. E. A. 
Churchill , D. Clark, C. Crane-Robinson, 

J . A. Dabán, S. C. R. Elgin , M. Grunstein, 

G. L. Hager, W. Horz, T. Koller, U. K. 

Laemmli , E. Di Mauro, D. Rhodes, T. J. 

Richmond , A. Ruiz-Carrillo, R. T. Simpson, 

A. E. Sippel , J. M. Soga, F. Thoma, A. A. 
Travers, J . Workman, O. Wrange and 

C. Wu. 

257 Lecture Course on Polyamines as mo­

dulators of Plant Development. 

Organized by A. W. Galston and A. F. Ti­

burcio. Lectures by N. Bagni , J. A. Creus, 

E. B. Dumbroff, H. E. Flores, A. W. Galston, 

J. Martin-Tanguy, D. Serafini-Fracassini, 

R. D. Slocum, T. A. Smith and A. F. Tibur­

cio. 

258 Workshop on Flower Development. 

Organized by H. Saedler, J. P. Beltrán and 

J. Paz Ares. Lectures by P. Albersheim, 

J . P. Beltrán, E. Coen, G. W. Haughn, J. 

Leemans, E. Lifschitz, C. Martín , J . M. 

Martínez-Zapater, E. M. Meyerowitz, J . 
Paz-Ares, H. Saedler, C. P. Scutt, H. 

Sommer, R. D. Thompson and K. Tran 

Thahn Van. 

259 Workshop on Transcription and Repli­

cation of Negative Strand RNA Viruses. 

Organized by D. Kolakofsky and J. Ortin. 

Lectures by A. K. Banerjee, M. A. Billeter, 

P. Collins, M. T. Franze-Fernández, A. J. 

Hay, A. lshihama, D. Kolakofsky, R. M. 
Krug , J . A. Melero, S. A. Moyer, J. Ortín, 

P. Palese, R. G. Paterson, A. Portela, M. 

Schubert, D. F. Summers, N. Tordo and 
G. W. Wertz. 

260 Lecture Course Molecular Biology of 

the Rhizobium-Legume Symbiosis. 

Organized by T. Ruiz-Argüeso. Lectures 

by T. Bisseling, P. Boistard, J. A. Downie, 
D. W. Emerich , J . Kijne, J . Olivares, 

T. Ruiz-Argüeso, F. Sánchez and H. P. 

Spaink. 

261 Workshop on The Regulation of Trans­

lation in Animal Virus-lnfected Cells. 

Organized by N. Sonenberg and L. Ca­

rrasco. Lectures by V. Agol, R. Bablanian, 

L. Carrasco , M. J . Clemens, E. Ehrenfeld, 

D. Etchison, R. F. Garry, J. W. B. Hershey, 

A. G. Hovanessian, R. J. Jackson, M. G. 

Katze, M. B. Mathews, W. C. Merrick, D. 

J . Rowlands, P. Sarnow, R. J . Schneider, 

A. J . Shatkin, N. Sonenberg, H. O. Voor­

ma and E. Wimmer. 

263 Lecture Course on The Polymerase 
Chain Reaction. 

Organized by M. Perucho and E. Martínez­

Salas. Lectures by D. Gelfand, K. Hayashi, 

H. H. Kazazian, E. Martínez-Salas, M. Me 

Clelland, K. B. Mullís, C. Oste, M. Perucho 
and J . Sninsky. 
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Established in 1955, 
the Juan March Foundation is a non-profit organization 

dedicated to cultural, 
scientific and charitable objectives. 

lt is one of the most important in Europe, 
considering its endowment and activities. 

The Juan March Foundation has collaborated 
significantly in the area of science and research by 

funding awards, grants and schorlarships 
for scientific training, 

supporting research studies 
and publishing research results. 

Since 1970, the Foundation 
has dedicated special attention to the field of Biology 

by means of various programmes, 
such as the Plan on Molecular Biology 

and its Applications (1981-88) 
and at present the Programme of 

International Meetings on Biology, 
designed to actively promote the relationship 

between Spanish biologists and their international colleagues. 
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