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The presence of ethanol and eycloheximide during growth were found to inhibit the function of the general amino-acid 
permease of Sacc,~uromyces cerevisiae var. ellipsoideus. Contrary to evcloheximide, the effect of ethanol unon Wrowth in 
alcohol-free medimn was reversible. The effect of both inhibitors could be explained in terms of reduction of the 
number of active carrier molecules located in the plasma membrane. 

It has been suggested that the plasma membrane 
lipid composition governs the sensitivity of Sac- 
charomyces cerevisiae to ethanol [1,2]. However, since 
ethanol-sensitive mutants do not show significant dif- 
ferences in their plasma membrane lipid composition 
[3], it appears that the targets for the action of ethanol 
during growth are still far from being fully elucidated. 

Recently, it has been shown that the acute adminis- 
tration of alkanols inhibited the function of the general 
amino-acid permease (GAP) in resting cells (Ref. 4; see 
ReL 5 for an excellent review on amino-acid transport 
in yeast). In the present work we report on the chronic 
action of ethanol on the activity of the GAP in growing 
cultures of Saccharomyces cerevisiae var. ellipsoideus. 

S. cerevisiae var, ellipsoideus CIFI 266 obtained from 
Dr. V. Arroyo at the lnstituto de Fermentaciones ln- 
dustriales (CSIC, Madrid, Spain) was used throughout 
this work. Cells were maintained, grown and harvested 
as previously reported [6,7]. The culture medium was 
2% (w/v)  yeast extract and 2% (w/v)  D-glucose in type 
I water, conditions in which repression of the GAP by 
ammonium are negligible [5]. 

The experimental approach was as follows: the cells 
were grown in the absence or the presence of the 
inhibitor either ethanol or cycloheximide, then they 
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were isolated, suspended in inhibitor-free buffer and 
assayed for GAP activity. 

To assay the activity of the GAP we measured the 
uptake of L-[3H]valine in 500-gl aliquots of yeast sus- 
pension in 0.1 M phosphate buffer (pH 5) containing 50 
mM o-glucose and 1 mM L-[3H]valine (spec. act. 0.525 
Ci /mol )  that were incubated for 10 min at 28°C in a 
rotary shaker under aerobic conditions. Uptake was 
alted by dilution of 200 ~1 of the suspension with 2.5 ml 
of cold 0.l M ph,.,sphate buffe~" (pH 6) and evaluated by 
filtration as previously described [6]. 

Under these conditions and with this yeast strain, the 
amount of tracer incorporated into proteins was less 
than 15% of total tracer taken up [6] and the radioactiv- 
ity derived from L-[3H]valine by metabolic degradation 
was negligible (over 95% of the acid-soluble radioactiv- 
ity was L-valine as judged by paper chromatography; 
data not shown). Therefore, the radioactivity taken up 
essentially mean incorporation of L-valine to the acid- 
soluble intracellular pool of amino acid. 

As illustrated in Fig. 1A, the exposure of growing 
cells to either ethanol or cycloheximide for variable 
times lead to a deactivation of the GAP system mea- 
sured as uptake of 1 mM L-[3H]valine for l0  rain at 
28°C. 

The exposure of growing cells to cycloheximide, a 
typical inhibitor of protein synthesis that acts specifi- 
cally on eukaryotic systems [8] and )hat was reported as 
promoter of protein degradation in logarithmically 
growing cells [9], induced the same decline as ethanol. 
The effects of both inhibitors on the growth corre- 
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Fig. 1. Decay and recovery of the specific rate of up!ake of L-valine 
transport ayslem in S. cerevisiae vat. ellipsoideu~. Cells from the 
exponential phase were divided illto three batches, each retiring: none 
(control): 5~ (v/v) ethanol (e); or 0.5 mM cycloheximlde (I). They 
were then allowed to grow for the times indicated in panel A (decay). 
Following this the cells were isolated, washed, suspended in buffer 
and assayed for L-valine uptake as described in the text. The inset in 
panel A represents the effects of both inhibitors on growth corre- 
spomting to the experiment of panel A: o, control; e. 5% (v/v) 
ethanol; I ,  0.5 mM cyeloheximide. In panel B (recovery), three ceil 
batches containing none (control cells), 55[ (v/v) ethanol (e) or 0.5 
mM cycloheximide (I)  were incubated for 100 rain. The cells were 
then isolated, washed and suspended in inhlbitor-free medium. At the 
indicate v. times the cells were processed as in panel A. Results are 
presented as percentage of control values for each time. 100~ repre- 
sents in panel A 0.60, 0.77, 0.76 and 1.00/.~mol.(g cells)-Lmin -!  for 
40,160, 280 and 400 rain, respectively, and in panel B 1.3,1.8 and L0 
vmol.(g cells)-t-min -1 for 40, 160 and 400 rain, respectively. All 

data of cells are given as dry weight. 

sponding to the exper iment  of  Fig. 1A are  illustrated in 
the inset of  Fig. 1A. 

5% ethanol induced a modera te  inhibitory act ion on  
growth lower than the exereed over  the G A P  function 
(Fig. 1A) while cyclohexlmide,  as expected, fully blocked 
the growth.  

T o  answer whether  the inhibitory action of  e thanol  
on  the G A P  system was irreversible or  not, cells previ-  
ously exposed either to ethanol  or  to cycloheximide 
were isolated, washed and suspended in an alcohol or  
antibiotic-frec med ium and  then the activity of  the G A P  
system assayed at the indicated times. 

As  illustrated in Fig. 1B while e thanol- t reated cells 
fully recovered their  ability to t ransport  L-valine by  
incubation in an alcohol-free medium,  cycloheximide- 
treated cells did not, this being probably  due  to their 
s t rong binding to the r ibosomes cont rary  to what  would  
be expected f rom ethanol.  

Ethanol-dependent  reduct ion of  L-valine uptake  ob-  
served in cells growing in the presence of  the alcohol 
could be due  to different  effects such as ':he inhibition 
Of the G A P  synthesis, its removal  f rom the p lasma 
m e m b r a n e  or  an inactivation process by  physical inter- 

action between ethanol  and  G A P .  Alternat ively a mem-  
brane  d a m a g e  basbd on the d is turbance  of  the proton-  
motive force could explain the observed effect of  
ethanol,  but  since the effect of  the alcohol on  the 
growth was much  lower than  on the G A P  function this 
seems rather  improbable .  T o  gain more  inshight on  
these posibilities we studied the kinetic parameters  for 
the G A P  system in the yeast  cells. 

Using a b road  Lovaline concent ra t ion  range,  the O A P  
was found to exhibit  two forms  for L-valine up take  with 
apparen t  K m values of  12.51 and  1.02 m M  and  Vma ~ 
values of  6.1 and  2.5 p m o l .  g - I - r a i n  - t ,  respectively 
(Fig. 2). T o  the best  o f  our  knowledge no previous  
reports  have  described the presence o f  these two forms 
for L-valine up take  in yeast. 

Cell growth in the presence of  5% ( v / v )  e thanol  
induced the decrease in the V,~, of  the two forms 
leaving the K m unchanged  (Fig. 2). 

To  exclude the posibility o f  the existence o f  a t  least 
two t ransport  systems for  L-valine in this yeast,  one  
unspecific as G A P  and  o ther  specific for L-ratine, L- 
phenylalanine which is exclusively t ranspor ted  by  the  
G A P  system in S. cerevisiae [4,5] was  assayed for 
compet i t ion  with L-valine uptake.  L-Phenylalanine tested 
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Fig. 2. Eadie-Hofstee plots for L-valine uptake by S. cerevisiae vat. 
ellipsoid¢~. Ceils from the exponential phase were treated as in Fig. 
tA for 2 h. They were then isolated, washed and suspended in O.l M 
sodium phosphate (pH 5) buffer and L-valine uptake was assayed for 
different concentrations of labelled amino-acid, as described in the 
text. o, control cells; e, S~ (v/v) ethanol-presreated cells; t ,  0.5 mM 
cycloheximide-pretreated cells. The results of an experiment of com- 
petition of L-valine uptake (range 0.5-20 raM) with L-phenylalanine 
(at twice the L-valine concentration for each c-valine concentration) is 

also shown (A). 



at only twice the concentration of L-valine in each 
experimental point (L-valine range 0.5-20 mM) strongly 
inhibits the transport system (near 63%; the Eadie- 
Hofstee plot for this experiment is shgwn in Fig. 2). 
This indicates that in our conditions and yeast strain 
the transport of L-valine is carried out essentially by the 
GAP system, as indicated previously for other strains of 
S. cereoisiae [5] specially in the absence of reppresion 
by ammonium. 

A typical eukaryotic protein synthesis specific inhibi- 
tor such as cycloheximide had the same effect as ethanol 
on the GAP function (Fig. 1). This action of cyclo- 
heximide agrees with previous results obtained on the 
yeast sugar transport systems when the cells are exposed 
to protein synthesis inhibitors [10]. On the other hand, 
recently it has been reported that this antibiotic effi- 
ciently inhibits botiz the synthesis and intracellular de- 
gradation of insulin receptors, but does not inhibit the 
translocation of the receptor through the plasma mem- 
brane; these abilities are shared by other protein synthe- 
sis inhibitors [11]. This should lead to a reduction of the 
number active carrier molecules in the plasma mem- 
brane. Assuming a similar routing of plasma membrane 
proteins for yeast cells as for higher eukaryotes, and 
since ethanol was reported as a direct inhibitor of 
protein synthesis in this yeast [6,7], our results could be 
explained in terms of either a blockade in the supply of 
active cartier molecules by inhibition of protein synthe- 
sis (more probable in our opinion), or an increased 
deactivation or removal of active carriers from the 
plasma membrane, without apparent changes of the 
affinity of the molecules remaining at the plasma mem- 
brane. 

An action of ethanol similar to that proposed here 
has been postulated in cultmed ,at hepatocytes [12]. In 
that study, 100 mM ethanol reduced the A and N 
amino-acid transport systems of cultured hepatocytes 
by 40-70ffo. The authors favoured the hypothesis that 
the effect was mediated by the inhibition of the synthe- 
sis of the carrier components by the alcohol, according 
to the finding that very low concentrations of ethanol 
inhibited the bulk protein synthesis in isolated rat liver 
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cells [1 3,14]. Furthermore, it has been shown that ethanol 
inhibits the syntnesis of rat liver plasma membrane 
proteins [15] and export protein synthesis in isolated rat 
liver cells [16], both kinds of proteins being intracellular 
traffic-dependent and membrane assembly-dependent. 

The effect cf ethanol on the activity of general 
amino-acid permease of growing yeast might reduce ':he 
intracellular availability of most amino-acids and hence 
probably other metabolites derived from. This effect. 
together with the direct arrest of protein synthesis caused 
by the presence of ethanol [6,7], could merely reflect the 
existence of priority, important and different targets for 
the action of ethanol during growth and fermentation of 
this ethanol-tolerant yeast. 

This work was partly supported by the Comisi6n 
Asesora de Investigaci6n Cien~ifica y Tficnica (CAICYT; 
GG-85-0113). 
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