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Abstract. Previous work has shown that high molecular 
weight compounds were released from Saccharomyces bis- 
porus by /3-mercaptoethanol, 2M KC1, 0.5M KC1 and 
osmotic shock without affecting viability of the cells. In this 
current experiment, it was shown that low molecular weight 
compounds were also eluted when cells were treated in 
sequence with the same reagents. Alanine, glutamate, serine, 
an unidentified amino acid, glucose, glycerol, and arabitol 
were all eluted by each of the first three reagents. The osmotic 
shock eluate contained a larger number and quantity of 
amino acids than the first three eluates but, otherwise, the 
compounds in this eluate were the same. One hundred percent 
of the cellular glycerol and 65-- 70 % of the total amounts of 
the other above mentioned solutes were released by the 4 
eluting treatments. A hot water treatment was needed to 
extract the remainder of these solutes. The hot water extract 
also contained almost all the cellular proline. It was suggested 
that the elutable solutes are contained by cells in compart- 
ments (or vesicles) whose membranes are accessible to the 
eluting reagents without affecting the plasmalemma. 

Key words: Exocellular location - Osmophile - Sac- 
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The elution from cells of high molecular weight compounds, 
such as proteins (including enzymes) and carbohydrates, by 
various reagents without harming viability has been observed 
in many micro-organism (Chattaway et al. 1974; Davies and 
Wayman 1975; Kidby and Davies 1970a, b; Schwenke et al. 
1971; Sommer and Lewis 1971; Weimberg 1970; Weimberg 
and Orton :1966). Both Kidby and Davies (1970a, b) and 
Weimberg and Orton (1965 b, 1966) concluded that in yeasts 
these compounds were exocellularly located before elution 
(i. e., outside the cell membrane but firmly attached to the cells 
under the usual growth conditions) and held to the cell surface 
by disulfide bonds and perhaps by other means as well. 
Subsequently, Davies and Wayman (1975) reported that low 
molecular compounds were eluted by thiols from Sac- 
charomyces fragilis simultaneously with high molecular 
weight constituents. The cells were still viable after this 
treatment indicating the low molecular weight could be 
exocellularly located also. 

This demonstration of the presence of low molecular 
weight compounds in a cell-surface location (or, at least, in a 
location from which these compounds can be eluted without 
affecting viability) could influence current theories on the 
structure of cell envelopes. It is unlikely that these water 

soluble compounds are attached to cells by the same kind of 
bonds suggested for high molecular weight components. It 
seemed important, therefore, to determine how general this 
phenomenon is (i.e., whether or not low molecular weight 
compounds could be eluted from other yeasts besides 
S. fragilis) and to determine if other mild treatments besides 
thiols may be used with similar results. It was decided to 
undertake such a study using Saccharoblyces bisporus [for- 
merly known as Saccharomyces mellis (van der Walt 1970)], 
an osmophile, as the experimental organism because it is 
physiologically different from S. fi'agilis, and because protein 
and carbohydrates can be eluted from S. bisporus by KCI and 
osmotic shock as welt as by thiols (Weimberg and Orton 
1965 a, b; Weimberg 1970). 

Preliminary studies showed that low molecular weight 
compounds are, indeed, elutable from resting cells of S. 
bisporus under the same conditions as high molecular weight 
compounds. This report will describe the technique of eluting 
these compounds by a sequential treatment of cells with//- 
mercaptoethanol, salt, and osmotic shock, and the procedure 
for identifying the compounds present in the eluate of each 
treatment. 

Methods 

The terms "repressed cells" and "derepressed cells" will 
always be in reference to the enzyme, acid phosphatase. 
Saccharomyces bisporus (NRRL Y-1053) was grown in a 
previously described medium (Weimberg and Orton 1965 a) 
with 10% glucose as substrate which was either 
orthophosphate-free for obtaining derepressed cells or sup- 
plemented with 7 mM orthophosphate (pH 6.8) for obtaining 
repressed cells. 

Elution of Surface Components and a Final Extraction 
of Internal Solutes 

Step 1 : Harvested and washed cells of S. bisporus (either 
repressed or derepressed) were suspended in 0.01 M acetate 
buffer (pH 6.5) to a concentration of 0.25 g/ml (wet weight). 
To 500 ml of this suspension 0.75 ml of/3-mercaptoethanol 
was added and the suspension incubated at 30~ with 
occasional stirring. After 2h, ceils were sedimented by 
centrifugation, the supernatant fluid decanted, and cells 
resuspended in 500 ml 0.15 ~ /3-mercaptoethanol in 0.01 M 
acetate (pH6.5) for another l h. Ceils were removed by 
centrifugation, and the supernatant fluid decanted and 
pooled with the first supernatant fluid. 

Step 2: The cells were next washed twice with 500 ml 2 M KC1 
in 0.01 M acetate (pH 6.5) as described in Step 1. 
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Step 3: The above procedure was repeated using 0.5 M KC1 in 
0.01 M acetate (pH 6.5) as the eluting agent. 

Step 4: Cells were osmotically shocked by washing twice with 
0.01 M acetate (pH 6.5) alone. 

Step5: Lastly, the cells were suspended in 500ml water 
contained in a large flask, the flask placed in a boiling water 
bath for 30 rain and the contents stirred occasionally. The 
suspension was allowed to cool to room temperature, centri- 
fuged, and the supernatant fluid decanted. The extracted 
residue was washed once with water at room temperature and 
then centrifuged. This fluid was decanted and pooled with the 
hot water extract. The supernatant fluids of the first four 
steps are referred to as "eluates" in the text since these 
treatments do not harm viability of the cells. The supernatant 
fluid of the last step is referred to as an "extract". 

Ultrafiltration and Concentration of Filtrates 

A Millipore 1 pressure filtration apparatus with a 147mm 
diameter disc was fitted with a filter rated to retain com- 
pounds with molecular weights > 1000 (a Millipore PSAC 
filter). The total volume of each eluate or extracts was filtered 
under a pressure of 34,47 kN/m 2 until the retained volume 
was reduced to approximately 50 ml. The retained volume 
was diluted with 150ml 0.01 M acetate (pH6.5) and the 
pressure filtration process repeated. This procedure was 
repeated four times. The ultrafiltrates of the fl-mercapto- 
ethanol and osmotic shock eluates and the hot water extracts 
were concentrated directly to 25ml by distillation under 
reduced pressure. The two KC1 eluates were concentrated 
only after removal of most of the inorganic salt. This was 
accomplished by diluting each KC1 eluate with 5 vol of 
acetone. After standing overnight at 5~ the precipitated 
KC1 was removed from the reaction mixture by gravity 
filtration. The resulting filtrates were reduced in volume to 
approximately 100 ml by distillation under reduced pressure. 
The process of removing KC1 by precipitating it with 5 vol 
acetone was repeated. The second filtrate was then concen- 
trated to 25 ml by distillation under reduced pressure. 

Ion Exchange Chromatography 

The concentrated low molecular weight compounds were 
separated into amino acid, organic acid, and neutral fractions 
by sequential absorption and elution from Dowex-50(H +) 
(X8) (100-200mesh) and Dowex-1 (formate) (X8) ( 1 0 0 -  
200mesh) as described by Canvin and Beevers (1961). 

Thin Layer Chromatography 

All procedures used will be found and are discussed in greater 
detail in the book by Stahl (1969). 

1) Amino acids were separated by two-dimensional 
chromatography using n-propanol:concentrated ammonia 
(70:30) as the solvent in the first direction and n-buta- 
nol: acetic acid: water (80: 20: 20) as the solvent for the second 
direction. Two plates were chromatographed simultaneously 
in the above solvents. The positions of serine and threonine 
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were established by spraying one plate with periodate- 
benzidine and the other with ninhydrin. The only compounds 
present in the amino acid fractions that reacted with both the 
ninhydrin spray and the periodate-benzidine spray were 
serine and threonine. The other amino acids on the ninhydrin- 
treated plate were identified by their locations relative to 
serine and threonine. 

2) Organic acids were chromatographed in one direction 
in either n-butanol:acetic acid:water (80:20:20), n-buta- 
nol:pyridine :water (60:40 : 30), or n-propanol: formic 
acid:water (60:30:10). The acids were visualized by spraying 
the plates, after drying, with 0.04% bromthymol blue 
(pH7.5). The plates were placed in an oven at 80~ until 
distinct yellow spots developed on a blue background. 

3) Neutral compounds were chromatographed in silica 
gels with and without 2 % boric acid. The solvents used were 
n-butanol: acetic acid :water (80:20: 20); n-propanol: con- 
centrated ammonia (70: 30); ethyl acetate:pyridine:water 
(80: 20:10) ; and methyl ethyl ketone : acetic acid:methanol 
(60: 20: 20). The use of gels containing borate permitted the 
clear-cut separation of hexitols from hexoses and pentitols 
from pentoses. Two plates were chromatographed simul- 
taneously in the same solvent. Sugars were detected by 
spraying one plate with 2.5 % p-anisidine in n-butanol; sugar 
alcohols and sugars were made visible in the other plate by 
using the periodate-benzidine spray. 

Chemical and Enzymatic Assays 

Acid phosphatase activity was determined as described before 
(Weimberg and Orton 1965b). Assays for protein and total 
carbohydrate were by means of Folin-Ciocalteau reagent 
(Lowry et al. 1951) and anthrone reagent (Hassid and 
Abraham 1957), respectively. Amino acids were measured by 
the ninhydrin assay (Spies 1957) but proline was measured 
separately by the method of Bates et al. (1973). Ortho- 
phosphate was measured by the method of Taussky and Shorr 
(1953). Enzymatic methods were used to measure glucose 
(Slein 1965) and glycerol (Wieland 1965). Arabitol was 
estimated by periodate oxidation as follows: to a solution 
containing arabitol, and other compounds in the neutral 
fraction, was added an excess of NaIO 4, and the reaction 
mixture allowed to stand at room temperature for at least 1 h. 
The amount of periodate consumed was titrated by standard 
methods (Dyer 1956). Since chromatography showed that 
neutral fractions contained only glucose, glycerol, and ara- 
bitol, the contribution of glucose and glycerol, as measured by 
specific enzymes, to the amount of periodate used was 
subtracted from the total. The remainder was assumed to be 
due to arabitol oxidation. 

Results 

Separation o f L o w  from High Molecular Weight 
Compounds in Crude Eluates and Extracts 

Results of preliminary small-scale experiments indicated that 
treatment of cells in sequence with thiol, KC1, and osmotic 
shock was a valid approach for eluting solutes selectively 
from Saccharomyces bisporus. Each reagent, eluted only a 
certain amount of solute from the cells even with repeated 
washings with the reagent (Fig. 1). Then, more solutes were 
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Fig. 1. Resting derepressed cells of  Saccharomyces bisporus were washed 
6 times with each reagent in the sequence of  A, 0 . 1 5 ~  fl-mercapto- 
ethanol;  B, 2 M  KC1; and C, 0 .5M KC1. The black portion of  each 
column was the amoun t  of  protein or carbohydrate in the first wash; the 
cross-hatched section, the amoun t  in the second wash; the slant lines, the 
amount  in the third wash; and the white portion, the cumulative amounts  
in the 4th, 5th, and 6th washes 
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again eluted when the cells were washed with the next reagent 
in the sequence. Approximately 90 ~ of the total amount of 
solutes that could be eluted by each reagent was recovered in 
the first two washings. Therefore, two washings with each 
reagent were considered adequate for obtaining eluates for 
further study in the following full-scale experiment. 

In the full-scale experiment, after the cells had been 
subjected sequentially to thiol, 2 M KC1, 0.5 M KC1 and hot 
water, the low molecular weight compounds in each eluate 
and extract were separated from the high molecular weight 
constituents by ultrafiltration. High molecular weight com- 
pounds were retained by the filter and the low molecular 
weight compounds were recovered in the filtrates. The 
filtrates of the /Lmercaptoethanol and the osmotic shock 
eluates and the hot water extracts were concentrated to 25 ml 
by distillation under reduced pressure with a better than 85 
recovery of all constituents in the concentrated filtrate 
(Table 1). The two salt eluates, however, presented a special 
problem. If the salt eluates were simply concentrated, they 
would soon become saturated with KC1 and the KC1 would 
precipitate out making it impossible to recover organic 

Table 1. Separation of  low from high molecular weight constituents in eluates and extracts by ultrafiltration and separation of constituents in filtrates 
into amino acid and neutral fractions 

Treatment  Protein Carbo- Acid Amino Proline Glucose Glycerol ArabitoI 
hydrate" phosphatase  acids b 

mg/g cells Sp Act c Itmol/g cells 

fl-Mercaptoethanol 
Crude eluate 0.82 1.6 2.4 0.14 0.1 4.3 
Crude filtrate N.D. d 0.77 0 0.14 0 4.2 
Conc. filtrate 0.81 0.11 3.7 
Amir~o acid fraction 0.10 0 0 
Neutral  fraction 0 3.8 4.1 7.9 

2 M KC1 
Crude eluate 0.41 1.1 31.4 0.12 0 3.4 
Crude filtrate 0.21 0.57 0 0.11 0 3.2 
Conc. filtrate 0.25 0.03 1.1 
Amino acid fraction 0.03 0 0 
Neutral  fraction 0 1.1 1.2 3.3 

0.5 M KC1 
Crude eluate 0.73 1.0 610 0.15 0.1 3.1 
Crude filtrate 0.45 0.52 0 0.15 0 2.9 
Conc. filtrate 0.23 0.05 1.0 
Amino  acid fraction 0.04 0 0 
Neutral  fraction 0 1.0 1.8 3.7 

Osmotic shock 
Crude eluate 1.2 1.5 11.2 0.55 0.9 5.5 
Crude filtrate 0.70 0.92 0 0.50 0.7 5.1 
Conc. filtrate 0.91 0.52 5.5 
Amino acid fraction 0.44 0 0 
Neutral  fraction 0 5.0 6.1 10.0 

Hot  water 
Crude extract 2.4 2.7 0 0.40 8.1 7.7 
Crude filtrate 1.4 1.3 0 0.40 8.2 7.0 
Conc. filtrate 1.2 0.34 8.0 7.9 
Amino acid fraction 0.30 7.5 0 
Neutral  fraction 0 0 7.2 0.1 21.0 

Glucose used as the s tandard 
b Leucine used as the s tandard 

~tmol Pi formed from pyrophosphate  in 10 min per g cells 
d Not  done because fl-mercaptoethanol interfered with the assay. Blank spaces in table occur where 11o assay was done 
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Fig. 2 A, B. Separation of amino acids in the amino acid fraction of 
eluates. A fl-Mercaptoethanol eluate; B Osmotic shock eluate. The 
known amino acids are identified by numbers; 1, aIanine; 2, serine; 
3, threonine; 4, glutamic acid; 5, aspartic acid; 6, lysine; 7, valine; 
8, tyrosine; 9, isoleucine; 10, methionine; 11, lencine; 12, phenylalanine; 
13, histidine; 14, glutamine; 15, asparagine; 16, glycine; 17, arginine. 
Unnumbered spots are unidentified compounds. In chromatogram A, the 
major amino acids are alanine, serine, glutamic acid, and the unidentified 
compound with an Rf close to that of glutamic acid. The other spots are 
drawn in to show amino acids that are usually found in trace amounts on 
unidirectional chromatograms of /~-mercaptoethanol, 2M KC1, and 
0.5M KC1 eluates but below the detection level on 2-dimensional 
chromatograms 

compounds. Therefore, as much KC1 as was possible was 
removed from the reaction mixtures with acetone before 
concentrating. Recoveries of  the components that reacted 
with the carbohydrate and amino acid reagents in the 2 M and 
0.5 M KC1 eluates were between only 35 and 50 % of the 
original amounts in the crude eluates (Table 1). 

Identification o f L o w  Molecular Weight Compounds 

The concentrated filtrates of the ultrafiltration procedure 
were separated by ion exchange chromatography into amino 
acid, organic acid, and neutral fractions (Canvin and Beevers 
1961). The three fractions were next analyzed by thin layer 
chromatography to try to identify the individual compounds 
in each fraction. N o  acids could be detected in the organic 
acid fraction of  any of  the eluates. Therefore, no attempt was 
made to analyze the organic acid fraction of the hot water 
extract. 

Four major spots were detected on two-dimensional 
chromatograms of the amino acid fractions obtained from the 
thiol and 2 salt eluates. Qualitatively, they were all the same as 
the chromatogram reproduced in Fig. 2A. Three of the spots 
corresponded by Rf to alanine, serine, and glutamic acid. The 
fourth spot with an Rf very close to that for glutamic acid 
remains unidentified since its Rf did not correspond with the 
Rf's of  any of  the common amino acids. It also did not have an 
Rf that compared with those of  any amino sugars nor did it 
react with the periodate-benzidine spray for compounds with 

vicinal hydroxyl groups or vicinal amino and hydroxyl 
groups. The only compounds on chromatographs of amino 
acid fractions that reacted with this spray were serine and 
threonine. Besides the major spots, trace amounts of other 
amino acids were detected using unidirectional chromatog- 
raphy and identified as indicated in Fig. 2A. 

The amino acid fraction from the osmotic shock eluate 
and hot water extract contained a larger quantity and a 
greater number of amino acids, most of which could be 
identified by Rf (Fig. 2B). However, there were also several 
spots with Rf's that did not match any knowns tested. There 
were no periodate-benzidine positive compounds on these 
chromatograms except serine and threonine. One uniden- 
tified spot near the origin probably contained one or more 
polypeptides because this spot disappeared on chromato- 
grams of the amino acid fractions after they had been 
acidified and heated in a boiling water bath for 30 min. All 
cellular proline was present in the osmotic shock elute and hot 
water extract with over 90% of it present in the latter 
(Table 1). 

By means of thin layer chromatography, it was found that 
all neutral fractions of the eluates and hot water extract 
contained glucose and arabitol. Glycerol was another com- 
ponent of  the 4 eluates, but it was absent on chromatograms 
of the hot water extract. Trace amounts of ribose were 
detected in the osmotic shock eluate and the hot water extract. 
The concentrations of  glucose and glycerol in the neutral 
fractions were measured enzymatically, and the amount of 
arabitol was estimated by periodate oxidation. In eluates, the 
molar concentration of  glycerol was slightly greater than that 
of glucose but approxirnately one-half that of arabitol 
(Table 1). 

Low Molecular Weight Solutes in Repressed Cells 

All the above experiments were done with derepressed cells. 
The entire procedure was repeated with repressed cells to 
determine if the presence or absence of  Pi in growth media had 
as much influence on the kind or quantity of  low molecular 
weight solutes that accumulated in such cells as it did on some 
high molecular weight constituents; i.e., acid phosphatase 
and polyphosphate. It may be concluded that Pi in the growth 
medium does not affect low molecular weight solutes because, 
except for Pi, the results obtained with repressed cells were 
statistically the same as those obtained with derepressed cells. 
P~ was found in all eluates and extracts of  repressed ceils in the 
following amounts:  /~-mercaptoethanol eluate, 3.4~tmol/g 
cells; 2 M  KC1, 4.1 ; 0.5 M KC1, 7.0; osmotic shock, 29.1 ; hot 
water extract, 35.1. For comparison, amounts of P~ in eluates 
and extract of  derepressed cells were 0, 0.1, 0.1, 0.5, 0.7 gmol/g 
cells, respectively. 

Discussion 

The elution of low molecular weight solutes, particularly 
amino acids, from Saccharomyces bisporus by these treat- 
ments bears some resemblance to the findings of  Halvorson 
and Cowie (1961). They demonstrated the presence of two 
distinct pools of amino acids in Saccharomyces cerevisiae: 
"the expandable pool",  obtained by osmotic shock, and "the 
internal pool",  obtained by extraction with hot water. The 
results obtained here, indicate that S. bisporus has three 
distinguishable pools. The osmotic shock pool and the hot 
water extracted pool would correspond with Halvorson and 
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Cowie's "expandable"  and " internal"  pools, respectively. 
The third pool would be the solutes released by the eluting 
treatments.  Because of  the similarity in composi t ion of  the 
amino acids and other constituents in the pools eluted by 
thiol and salt, there is some doubt  whether thiol and salt 
treatments caused the release of  the water-soluble compounds  
from distinctly different compartments  or from similar 
compartments  differing only in how the compar tment ' s  
membranes varied in their susceptibility to these reagents. 

The order in which the cells were treated with the reagents 
in the first three steps of elution procedure was selected 
because of  earlier results (Weimberg and Or ton  1965b). This 
order of thiol ~ 2 M KC1 --* 0.5 M KC1 permits the elution of 
acid phosphatase  from S. bisporus with a higher specific 
activity than if the enzyme had been eluted with 0.5 M KC1 
alone or with 2 M KC1 plus thiol. Osmotic shock was added to 
the sequence in the present experiment as the fourth step. The 
last step was a hot  water extraction to determine the amounts  
of water soluble solutes remaining in the cells after the four 
treatments that  do not  harm viability. It was hoped that  there 
might be some degree of selectivity in the types of low 
molecular  weight compounds  released by each treatment  as 
was shown for the high molecular weight compounds.  
However,  evidence for such a selectivity was not obtained 
for the first three steps. The compounds eluted by fi-mer- 
captoethanol  and the two salt solutions were alanine, gluta- 
mate, serine, an unidentified amino acid, glucose, glycerol, 
and arabitol .  Osmotic shock eluted a greater number and 
greater quanti ty of  amino acids but, otherwise, the com- 
pounds were the same in this eluate also. Approximate ly  65 - 
70 % of the water soluble solutes, other than glycerol and 
proline, were released from cells by these eluting treatments 
that  did not harm viability. The remainder was released by 
extraction with hot water. The hot  water extract differed from 
the eluates in that  it contained essentially no glycerol but did 
contain almost 100 % of the total cellular amount  of  proline. 

The product ion of  sugar alcohols by osmophiles is 
common and is considered to be a distinctive biochemical 
proper ty  of this group of yeasts. Most  osmophiles excrete 
both glycerol and another  sugar alcohol, usually either a 
pentitol or an hexitol (Hajny et al. 1960; Onishi and Saito 
1961; Peterson et al. 1958; Spencer and Spencer 1978; 
Spencer and Shu 1957). S. bisporus is unique in terms of  this 
one property,  in that  this yeast did not release any glycerol 
into the medium but  excreted only arabitol  (Spencer and Shu 
1957). However, in these experiments glycerol was found, 
along with arabitol ,  in every eluate but, interestingly, not  in 
the hot  water extract. One may conclude then the arabitol  
found in growth media was leaking from the compar tment  
not containing glycerol; i.e., not  from those compartments  
susceptible to leakage after the thiol, salt, and osmotic shock 
treatments. One may further conclude that, since glycerol is 
not  in the hot  water extract, it is not a constituent of  the 
cytosol or vacuole and, thus, does not act as a solute for 
cellular osmotic adjustment.  Instead, it would seem that  
proline might fulfill this function. 

The presence and the quanti ty of  low molecular weight, 
water-soluble solutes in yeast cells that are released from cells 
by treatments that  do not  harm viability raises the question of 
how they are retained in or on the cells. There is no data  from 
this work or from previous work by other investigators to 
support  any hypothesis as to their location or their mode of  
at tachment  to the cells. Davies and Wayman  (1975) con- 
cluded that thiols caused some damage to the p lasmalemma 

of S. fragilis. Another  possible hypothesis for interpreting the 
data is that  the eluting reagents altered the permeabili ty of  the 
p lasmalemma of  yeast in a manner  similar to the action of  
E D T A  on Escherichia coli (Leive 1974). A third possibility (at 
least for the osmotic-shock step) is suggested by the work of 
Guggino and Gutknecht  (1982) using the alga, Valonia 
rnacrophysa. They report  that  in euryhaline cells osmotic 
shock causes a transient breakdown of  the cell's permeabili ty 
barrier,  a leaking of vacuolar  contents to external media 
resulting in a rapid  decrease in cellular turgor, and then a 
subsequent repair of  the barrier  so that 98 % of treated cells 
remained viable. While these hypotheses cannot be ruled out 
for S. bisporus, they do not seem to be applicable because the 
spectrum of amino acids in the thiol and the 2 salt eluates is 
different from that  of the hot  water extract. Also, glycerol was 
found only in eluates whereas proline was almost exclusively 
in hot  water extracts, indicating different pools. 

A more logical suggestion would be that the solutes are in 
compartments  enclosed by semi-permeable membranes.  Such 
structures have been suggested by other workers. Bacon et al. 
(1969) hypothesized a semi-permeable membrane in cell walls 
of bakers '  yeast. Arnold  et al. (1974) presented evidence for 
vesicles in the periplasm (or, at least, external to the plasma- 
lemma) of  an osmophilic-yeast  grown in 10 % or less sucrose 
but  not  20% sucrose. Electron micrographs have shown 
invaginations in yeast p lasmalemma (Matile et al. 1969) and 
vesicles have been reported just  under the p lasmalemma that  
contain protein (Bauer and Sigarlakie 1973; Beteta and 
Gasc6n 1971 ; Gasc6n et al. 1973). However, the function and 
locat ion of low molecular weight solute pools in S. bisporus 
and other yeasts have not  been determined. These are 
intriguing questions requiring further work for an answer. 
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