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carrier-mediated kinetics. The present data  certainly can be reconciled with such a 
suggestion. 
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Investigation into the permeability of yeast cells to phosphate 

Some doubt exists in the literature as to whether yeast cells are permeable to 
phosphate. Several authors have found that  phosphate does not escape or only 
slowly escapes from yeast cellsS,~, s. LEGGETT AND OLSEN 5, however, hold that  yeast 
cells are completely permeable to phosphate. The free space for phosphate was about 
8o% of the cell volume. A rapid release of phosphate occurred from cells previously 
loaded with 3zp, provided they were washed with a solution containing unlabelled 
phosphate. One of us 1 has also observed a rapid outflow of phosphate from yeast 
cells, also suggesting that  the free space available for phosphate in these cells is re- 
latively extensive. 

Cells of Saccharomyces cerevisiae, Hansen Delft II ,  which have a low phosphate 
content, were aerated in o.I M sodium succinate buffer (pH 4.5) at 25 ° for one day in 
order to exhaust the internal substrate. No bacterial contamination occurred under 
our experimental conditions. Determinations of the free space of phosphate (3~Pl) were 
conducted according to the method of CONWAY AND DOWNEY 2. Corrections for 
intercellular water were made with the help of [carboxy-Z4C]dextran having an 
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average molecular weight of 73 ooo. The concentrations of the radioactive com- 
pounds were determined on dried samples with an end-window Geiger-Mfiller tube. 

The S value in Table I (see Eqn. I) is used for expressing the magnitude of the 
intercellular space available to phosphate or dextran: 

C o  - -  Cm 
S go ( I )  

Cm 

Co is the original concentration of solute in the solution and Cm is the concentration 
after mixing the solution in the proportion I 1 of solution to I kg of yeast, w is a cor- 
rection factor for changes in the osmotic value of the medium (see CONWAY AND 
D O W N E Y ~ ) .  

('~1 - S2)  
R (2) 

( I  - S~) 

The R value (see Eqn. 2) is a measure of the space in the yeast that  is accessible to 
the solute investigated, expressed in 1/kg yeast. S 1 represents the S value for phos- 
phate and S, the S value for dextran. 

The S value for phosphate in the presence of 2 mM 2,4-dinitrophenol did not 
change significantly on increasing the phosphate concentration from 0.00I M to 0.2 M. 
This indicates that  phosphate is not adsorbed to a significant extent by  the yeast cells. 
The other experiments were carried out in o.I M phosphate. Variation of dextran 
concentration between 0.2 to 3% had no effect upon the S value for this compound. 
The R value for phosphate is very small. Therefore the space of the cell which is 
accessible to phosphate is extremely limited and the cell membrane is not permeable 
to this anion. Since LEGGETT AND OLSEN carried out their determinations in the 
absence of 2,4-dinitrophenol, we have also determined the S values without this in- 
hibitor and found no significant differences. Active absorption did not appreciably 
influence the results obtained, since the S values found after different times of in- 
cubation did not differ significantly. 

T A B L E  I 

S VALUES FOR PHOSPHATE (S1) AND DEXTRAN (52) AND R VALUE FOR PHOSPHATE FOUND UNDER 
DIFFERENT CONDITIONS AT pH 4.5 AND 25 ° 

S.E. is the standard error; n, the number of determinations. 

Time No dinitrophenol 2 m M  dinitrophenol 
( m i n )  

S 1 S .E.  n S 1 S .E.  n R S.E.  S 2 S .E.  n 

x o .241  
IO 0 . 2 7 0  
20  0 . 2 3 7  

Mean  value o . 2 4 9 4 - O . O l O  

0 . 2 5 2  + 0 . 0 0 9  4 0 . 0 2 0  -4- o .o21  0 . 2 3 7  4- O.OLO 3 

LEGGETT AND OLSEN exhausted their cells from internal substrate by  washing 
them with acid. Moreover, they worked at p H  4.0 instead of at pH 4.5 and did not 
add succinate buffer, but only phosphate. I t  is seen in Table I I  that  the S values in- 
crease with time under these conditions in contrast to the results with non-acid- 
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washed cells. This increase was inhibited by 2,4-dinitrophenol. Paper-chromato- 
graphic separation of 2 % trichloroacetic acid extracts obtained after incubating the 
yeast for 60 min with radioactive phosphate without 2,4-dinitrophenol showed that  
a large part of the phosphate was incorporated into other phosphate compounds. 
The $1 value for orthophosphate alone was of the same order of magnitude as that 
found for total phosphate in the presence of 2,4-dinitrophenol. S t values for a strain 
of yeast present in our laboratory (S. cerevisiae Hansen Gebrfider Mayer), which is 
grown under the conditions described by LEGGETT AND OLSEN 5, are also given in 
Table II. These values also appeared to be low, even in the absence of 2,4-dinitro- 
phenol. According to CONWAy AND DOWNEY l the space in yeast accessible to small 
molecules is about 8 % of the total cell volume; being nearly equal to the volume of 

T A B L E  I I  

S V A L U E S  F O R  P H O S P H A T E  ( S t )  F O U N D  W I T H  A C I D - W A S H E D  Y E A S T  AS  A F U N C T I O N  O F  T I M E  I N  T H E  

PRESENCE OR ABSENCE OF 2 mM 2,4-DINITROPHENOL 

The yeast cells were washed for 2 h in o.ooi M HCI and five times with distilled water. The S 
values were determined in o.i M potassium phosphate (pH 4.o) at 25 °. S.E. is the standard error; 
n, the number of determinations. 

Time  S. cerevisiae Hansen  Delft  I I  S. cerevisiae Hansen  Gebri~der Mayer  
(rain) 

-- Dinitrophenol + Dinitrophenol -- Dinitrophenol + Dinitrophenol 

$1 S .E.  n S t S .E.  n S 1 S .E.  n S t S .E.  n 

2 0.322 o.o13 3 o.283 o.oo3 3 
5 o.24o o.oo7 4 

IO o.362 o.o19 3 o.28o o.oo9 2 
3 ° 0.549 0.055 3 0.258 0.002 3 
6o o.625 o.137 2 0.286 o.oo6 3 o.27o o.o16 6 

0.334* 

0.237 O.OLO 5 

* S x va lue  ca lcu la t ed  for 8iPl (see also tex t ) .  

the cell wall. However, the present results indicate that the free space available to 
phosphate is apparently smaller than this 8 O/o, suggesting that only a small part of 
the wall is accessible to phosphate. 

Our results show that the plasmalemma of the yeast is not permeable to phos- 
phate. This might indicate that,  in accordance with the views of GOODMAN AND 
ROTHSTEIN 3, phosphate is transferred by an active process occurring at the cell 
membrane .The above-mentioned phosphate release 1 from the cell must also be due 
to an active process and cannot be explained by merely passive diffusion according 
to our present results. 

In referring to earlier literature, LEGGETT AND OLSEN hypothesized that the 
pronounced permeability they have observed to phosphate and also to sulphate and 
bromide may be traced to the similarities of yeast to slightly vacuolated root-tip 
cells, cells which are very permeable to inorganic ions. Electron micrographs of cross 
sections made from our yeast showed that these cells were not largely vacuolated 
either. Therefore our results indicate that the permeability of slightly vacuolated cells 
to inorganic ions may not be universal. 
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Saccharomyces cerevisiae Hansen Delft II was kindly supplied by the "Konink- 
lijke Nederlandse Gist- en Spiritusfabriek" in Delft. 

Laboratory for Chemical Cytology, 
University of Nijmegen*, 
Nijmegen (The Netherlands) 

O. TH. SCHONHERR 

G.  W .  F .  H .  BORST P A U W E L S  

I G . W . F . H .  BORST PAUWELS, J. Cellular Comp. Physiol., 69 (1967) 241.. 
2 E. J.  CONWAY AI~D M. DOWNEY, Biochem. J., 47 (195 °) 347. 
3 J- GOODMAN AND A. ROTHSTEIN, J. Gen. Physiol., 4 ° (1957) 915. 
4 G. HERESY, K. LINDERSTROM-LANG AND N. NIELSEN, Nature, 14o (1937) 725 . 
5 J.  E. LEGGETT AND R. A. OLSEN, Plant Physiol., 39 (1964) 387 • 
6 P. A. SWENSON, J. Cellular Comp. Physiol., 56 (196o) 77. 

Received May 8th, 1967 

* Pos ta l  address :  Dr iehuizerweg 200, Ni jmegen ,  The  Ne the r l ands .  

Biochim. Biophys. Acta, I35 (I967) 787-79 o 


