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INTRODUCTION 
 

In Saccharomyces cerevisiae, physiological 
response to osmotic stress, induced by high 
concentrations of salts or sugars, is done, mainly, by 
increased synthesis and intracellular accumulation of 
glycerol as compatible solute. Nevertheless, 
according to glycerol liposoluble character, high 
intracellular concentrations cannot be achieved by 
simply increased synthesis, as glycerol diffuses 
across plasma membrane towards extracellular 



medium. Selective permeability of plasma 
membrane is also involved in osmotic stress 
response, by the activity of the glycerol facilitator 
Fps1. Evidence was found that this channel protein 
is inactive under osmotic stress contributing for 
intracellular glycerol retention by preventing its 
efflux. 

Other osmotolerant yeasts like Debaryomyces 
hansenii, Pichia sorbitophila, and 
Zygosaccharomyces rouxii possess glycerol-specific 
active uptake systems for which direct involvement 
in osmotic stress response was demonstrated. 
Recently the existence of an active uptake system 
specific for glycerol was demonstrated in S. 
cerevisiae. This transport system is a H+/glycerol 
symport, inducible by growth under gluconeogenic 
conditions and independent of the Fps1 glycerol 
facilitator. Besides evidence pointing to a 
physiological role of this transport system, 
connected with utilization of glycerol as carbon and 
energy source, a possible role in osmotic stress 
response is yet to be demonstrated. 

The aim of this work is to isolate and cloning 
gene(s) encoding the glycerol active uptake system. 
A strategy was designed assuming that the 
derepressed activity of the glycerol symporter will 



contribute to increased halotolerance in gpd1gpd2 
genetic background, provided the presence of 
extracellular glycerol. Such a strain would be unable 
to synthesize glycerol and viability under severe 
osmotic stress could only be maintained by the 
intracellular accumulation of glycerol resulting from 
the activity of the glycerol symporter. This 
derepressed activity could be attained by the 
presence of the gene encoding the symport system in 
a multicopy plasmid as one might expect to happen 
in a screening of a genomic library. 



MATERIALS AND METHODS 

 
Strains 
Two isogenic strains were used: W303-1A (MATa leu2-3/112 

ura3-1 trp1-1 his3-11/15 ade 2-1 can1-100 GAL SUC2) and YSH642 
(W303-1A gpd1_::TRP1 gpd2_::URA3). Also, strains YSH 7.88.-3D 
(W303-1A fps1_::LEU2 gpd1_::TRP1 gpd2_::URA3) and fps1_ 
(W303-1A fps1::LEU2 ) were used as control strains. 

Physiological assays 
Osmotic sensivity tests were performed using synthetic media 

supplemented with NaCl (0.7M, 1M, 1.4M, 2M, 2.2M). In parallel, 
the same media supplemented with 50 mM glycerol were used. 

For measurement of proton movements across plasma membrane 
upon addition of glycerol, [14C]glycerol intracellular accumulation 
against gradient, and H+/ATPase activity, cells were grown to mid-
exponential phase (OD640 _ 0.4), harvested by centrifugation, washed 
twice, and ressuspended in ice-cold deionized water to final 
concentration of about 20 mg(dry weight).ml-1. All assays were 
performed on ethanol-grown cells (derepressed cells) and on glucose-
grown cells (repressed cells). In all cases, experiments were 
performed in parallel in the absence and in the presence of 0.5M 
NaCl. 

Proton movements were estimated with a standard pH meter 
(PHM82 Radiometer Copenhagen) connected to a flat recorder (Kipp 
& Zonen), in cell suspensions consisting of 0.5 ml of the above 
mentioned cell suspension, 4.5 ml deionized water, and 100 µl of 2M 
glycerol. 

Accumulation of [14C]glycerol against gradient was estimated in 
reaction mixtures of 40 µl tris-acetate buffer (100 mM, pH 5.0), 50 µl 
of the above mentioned cell suspension, and 10 µl [14C]glycerol (50 
mM, ca 300 dpm/nmol). Samples of 10 µl were harvested at 10 min. 



intervals up to 60 min. reaction and radioactivity was measured with a 
liquid scintillation counter (2200 CA; Packard Instrument Co, Inc., 
Rockville, MD). 

Proton/ATPase activity was measured using the same procedure to 
proton movements, being the pulse of 100 µl glucose (1M) instead of 
glycerol. 

Yeast library screening 
A genomic library of S. cerevisiae in the multicopy plasmid 

YEp13, from commercial source and kindly provided by Drª M. 
Casal, with inserts of 8-10 kb at BamHI restriction site, was amplified 
by transforming competent E. coli HB101 cells with a representative 
aliquot of the genomic library and growth of transformants in 
selective medium (LB with 50 mg/ml ampiciline). 

Genomic library screening was performed by transformation of 
strain YSH642 using the electroporation procedure according to 
standard protocols, including a recovery step with complete synthetic 
medium (YNB) supplemented with 2% glucose, prior to selection to 
increase cell viability. Cells were plated, without further dilution, on 
selective medium YNB plus 2% glucose plus auxotrophic 
requirements for strain used except leucine, and incubated for 5-6 
days. Transformants were screened for desired phenotype by replica 
plating to the same medium supplemented with 1.4M NaCl and 50 
mM glycerol. Assuming that strains able to grow on this medium 
contained the gene encoding the protein responsible for H+/glycerol 
symport cloned in the multicopy plasmid, we recovered them to 
confirm phenotypes and to store at -70ºC. 



RESULTS AND DISCUSSION 
 

Prior to genetic manipulations on the gpd1_gpd2_ 
double mutant (strain YSH642) in order to isolate 
the gene(s) encoding active glycerol uptake protein, 
physiological assays were performed to establish the 
presence of the mentioned carrier with the 
characteristics found in the parental strain W303-1A. 
Thus, the experimental approach consisted on 
detection of extracellular alcalinization in cell 
suspensions after addition of glycerol, indicative of 
proton uptake. Furthermore, an experiment was 
performed with cells exposed to an excess of 
radiolabelled glycerol for subsequent estimation of 
intracellular accumulation of glycerol against 
gradient. Finally, detection of extracellular 
acidification upon glucose addition in cell 
suspensions was performed, as control experiment, 
to detect evidence of reactivity of the plasma 
membrane H+/ATPase, indispensible for the 
maintenance of p.m.f. and enabling H+/glycerol 
symport system activity detection. 

Results of extracellular alcalinization upon 
glycerol addition are presented in Table 1. Both 
strains exhibit the same behaviour in terms of proton 
movements across plasma membrane, suggesting 



proton uptake connected with the presence of 
extracellular glycerol only in derepressed cells. In 
addition, [14C]glycerol accumulation ratios 
estimated were similar to both strains (Table 2) and, 
again, could only be detected on derepressed cells. 
Addition of glucose to cell suspensions of both 
strains, caused extracellular acidification in all 
conditions tested, as expected from normal activity 
of the plasma membrane H+/ATPase. In addition, 
plasma membrane H+/ATPase, that generates the 
proton gradient necessary for function of secondary 
transport systems, is not affected in either strains. 
These results lead us to conclude that disruption of 
GPD1 and GPD2 genes did not affect regulation of 
transport systems tested, hence strain YSH642, 
unable to synthesize glycerol, is suitable for 
genomic library screening in search of gene(s) 
encoding H+/glycerol symport protein. 

Assuming a strategy based in acquired 
osmotolerance of strain YSH642 in the presence of 
small amounts of extracellular glycerol, accurate 
knowledge of osmotic sensivity of control strains 
was necessary. Results of osmotic sensivity tests 
show a clear difference in salt sensivity between 
different strains, especially, in agreement with the 



unability to synthesize glycerol in strain YSH642 
(Table 3). 

Transformants were recovered, in a first 
screening procedure according to mentioned 
strategy, in YNBDA + 1.4M NaCl + 50mM glycerol 
medium and then assayed for growth in higher NaCl 
concentration media with and without 50 mM 
glycerol (Table 4).  



Table 1. Extracellular alcalinization upon glycerol addition in 
cell suspensions of Saccharomyces cerevisiae strains W303-1A 
and YSH642. 

 

 

 
 
Culture media 
 

   

 YPD  
 

 YPEthanol  

 
Strain 

NaCl 0M NaCl 0.5M  NaCl 0M NaCl 0.5M 

 
W303-1A 

 
   – 

 
   – 

  
   + 

 
   + 

YSH642 
(gpd1_gpd2_) 
 

   –    –     +    + 

 

 



Table 2. [14C]glycerol intracellular/extracellular accumulation 
ratios in cell suspensions of Saccharomyces cerevisiae strains 
W303-1A and YSH642. 

 

 

 Culture media 
 

   

 YPD 
 

  YPEthanol  

 
Strain 

NaCl 0M NaCl 0.5M  NaCl 0M NaCl 0.5M 

 
W303-1A 

 
  0.6 

 
  0.5 

  
  24 

 
  22 

YSH642 
(gpd1_gpd2_) 
 

  0.4   0.2    10   23 

 



Table 3. Salt-induced osmotic sensivity tests of 
Saccharomyces cerevisiae strains W303-1A, fps1_, 
YSH7.88.-3D, and YSH642, using media 
supplemented with 50 mM glycerol and media without 
glycerol. 

 

 

 
 
YNBDA or YPDA  

 
YNBDA or YPDA  
+ 50 mM glycerol 
 

 
 
Strains 

0.7M 
NaCl 
 

1M 
NaCl 

1.4M 
NaCl 

2M 
NaCl 

2.2M 
NaCl 

 0.7M 
NaCl 

1M 
NaCl 

1.4M 
NaCl 

2M 
NaCl 

2.2M 
NaCl 

 
W303-1A 

 
+ 

 
+ 

 
+ 

 
– 

 
– 

  
+ 

 
+ 

 
+ 

 
– 

 
– 

fps1_ + + + + +  + + + + + 

YSH 7.88.-3D 
(fps1_gpd1_gpd2_) 

+ – – – –  + + – – – 

YSH642 
(gpd1_gpd2_) 
 
 

+ – – – –  + + – – – 

Note: + signs mean growth; – signs mean absence of growth. 

 

 



Table 4. Results of osmotic sensivity screening of positive 
clones (able to grow in complete synthetic media 
supplemented with 2% glucose -YNBDA- + 50mM glycerol 
+ 1.4M NaCl) in high NaCl concentrations with and without 
50mM glycerol. 

 

 

 YNBDA media 
 

 50mM glycerol 
 

 0mM glycerol 

 1.4M 
NaCl  
 

2M  
NaCl 

2.2M 
NaCl 

 
1.4M 
NaCl 

2M  
NaCl 

2.2M 
NaCl 

 
Number of 
growing 
clones 
 

 
325 

 
9 

 
8 

  
17 

 
9 

 
8 
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