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Effects of Extracellular Potassium and Sodium on Intracellular Potassium

and Sodium of Baker’s Yeast.* (25568)

ApELAIDE BrOkAwW ToLBERG AND NELLO PACE
(With technical assistance of LaVerne Rohwer)
Dept. of Physiology, University of California, Berkeley

In studies of electrolyte exchanges in veast.
it was of interest to learn how the electrolyte
content of yeast cells is affected by conditions
of growth. Potassium is a major constituent
of yeast ash, amounting to 23 to 40% (1). Tt
is known that ash composition is affected by
conditions of growth, but few data are avail-
able on effects of potassium and ‘or sodium
content of growth medium. These experi-
ments were undertaken to determine how the
potassium content of veast is affected by vary-
ing amounts of potassium chloride or sodium
chloride in the growth medium.

Materials and methods. The veast was a
pure culture strain of Saccharomyces cerevi-
siae isolated from a cake of Fleischman's
yeast. The basal growth medium contained
10 g/1 Difco yeast extract and 50 g1 dex-
trose. This control medium contained ap-
proximately 8 meq/1 each of potassium and
sodium. Sterile salt solutions were added
after autoclaving to produce final concentra-
tions of approximately 30, 100 and 300 meq 1
potassium or sodium. Each set of cultures
consisted of one or, more frequently, 2 flasks
of each cation concentration, so that compari-
sons could be made between cultures grown
under same conditions. A uniform inoculum
was used for any one set of flasks, and the cul-
tures allowed to grow where temperature
usually remained between 21 and 23°C, but
might range from 20 to 25°C. Cells were
harvested by centrifuging cultures 3 to 6 days
after inoculation. Tt was assumed, from pre-
liminary studies, that cultures had reached
the stationary phase of growth at this time.
The packed weight of centrifuged cells was
used to estimate wet weight. assumed to be
78% of packed weight. This figure of Con-
way and Downey(2) was corroborated by us
by estimating intercellular space (i) from
packed weights of known amounts of cake

* This work supported by grant from Nat. Inst. of
Arthritis and Metab, Dis.,, US.P.H.S.

yeast, and (ii) by measuring gelatin space of
yveast harvested from laboratory cultures.
Yeast was resuspended and an aliquot washed
3 or 4 times with about 10 ml water/g yeast
for dry weight and electrolyte determinations.
Because preliminary experiments indicated
that some intracellular potassium was re-
moved by washing procedure, electrolyte
analvses were also made on unwashed ali-
quots.  Corrections for extracellular potas-
sium and sodium were made assuming extra-
cellular solution accounted for the other 22%
of packed weight of yeast (see above). Cations
were extracted from yeast using Conway’s
procedure(3). Suspensions of both washed
and unwashed cells (about 1 g/10 ml) were
boiled 5 to 10 minutes. Supernatant cell ex-
tracts were appropriately diluted, as were
samples of media, and potassium and sodium
determined with a Perkin-Elmer Model 52C
internal standard flame photometer. When
compositions of cells grown on different media
were compared, the data were paired with
those of cultures from the same set; i.e., grown
at same time. The “t” test was used for cal-
culation of P values.

Results are presented in Table I and sum-
marized in Fig. 1.

Eflects of varying potassium. When cul-
tures from the same sets were compared, sta-
tistically significant differences could not be
observed between Groups I and I1. In Groups
IIT and IV, however, there was significant re-
duction in water content of yeast with each
increase in potassium concentration. Potas-
sium content of unwashed cells increased with
that of medium, especially at higher potassium
concentrations. When yeast was washed, a
considerable amount of potassium was re-
moved from high-potassium cells so that
Groups IIT and 1V did not differ appreciably
from one another, but still contained more
potassium than Groups I and II. In all in-
stances in which sodium content of cells was
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TABLE I. Water, Potassium and Sodium Conteut of Yeast Grown in Various Concentrations of
Potassium or Sodium Chloride.*

H,O content of
K or Na content

of medium, meq/1 wet cells

K content of cells
eells, g I,0/kg Unwashed Washedt
J—

Na content of cells
Unwashed Washed
meq/kg wet cells ———— —

A. Effects of varying potassium in medium; Na — 8 meq/1 throughout.

L. 8§+ .2 763 = 7 101+ 2 98 + 3
II. 29 + .2 769 + 6 109 +4 100 + 4
111 107 = 5 47T+ 9 148 +8 119+ 3
(<£.005)§ (<.025)  (<.0B)
IV. 303+ 9 725 +10 257 +9 120+ 6
(<.001) (<.001)
B. Effeets of varying sodium iu medium ; K — 8 meq/] throughout.
V. 8§+ 4 767 =10 112 + 6 87 + 4 84+ 6 24 + .6
VI 34+ 2 762 + 8 106 == 6 81 +3 199+ 7 109+ .5
(<.05) (<.005)
VII. 139 = 1 743 + 9 97 =5 65 =1 78 =+ 1 26.4 = 1.9
(<.001) (<.001) (<.005)
VIII. 331 15 741 = 7 104 =3 52 +5 194 =17 374+ 1.2
(<.025) (<.05)

* Data derived from 4 to 6 sets of cultures except for those on sodium content of unwashed

cells which were obtained from 2 sets.

T Washed cells were rinsed 3 or 4 times with approximately 10 ml water/g cells.

I Mean + stand. error.

§ Figures in parentheses arc P values for differences of results from those of preceding

group.

determined, it was very low, usually less than
8 meq/kg wet cells, regardless of potassium
content of medium.

Effects of varying sodium. Water content
was reduced when sodium chloride concentra-
tion was increased above 100 meq/l. With
300 mM NaCl, however, there appeared to be
no further decrease in water content. There
was relatively little change in potassium con-
tent of cells grown in high sodium chloride,
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FIG. 1A (left). Effect of K content of growth
medium on intracellular K of yeast cells.

FIG. 1B (right). Effect of Na content of growth
medium on intracellular Na and K of yeast cells.

Fixed Na or K refers to that remaining after
washing, Diffusible Na or K is ealeulated from
difference between total ion and fixed ion concen-
trations. Straight line drawn at a 45° angle from
the origin represents the eurve whiech would be ob-
tained if intra- and extracellular concentrations
were equal,

except for a slight decrease in Group VIL
This difference was significant only in com-
parison with control Group V; P<.005. How-
ever, after washing, there was a marked de-
crease in potassium content with increasing
sodium chloride concentration. With each
increment in sodium chloride concentration in
the medium, there was a rise in sodium con-
tent of both washed and unwashed cells.
Discussion. Total intracellular K concen-
tration (meq/kg cell water) always increased
with and exceeded extracellular K (Fig. 1A).
The 2- to 3-fold rise in intracellular K sug-
gests that yeast is poikilosmotic; i.e., its inter-
nal osmotic pressure may vary over a wide
range, depending on osmotic pressure of the
external medium. This poikilosmotic charac-
ter has been described in various lower organ-
isms, including the bacterium, Salmonella or-
anienburg (4), and the marine alga, Ulva lac-
tuca(5), both of which accumulate potassium
in response to increased external osmotic pres-
sure. Yeast differed from these organisms in
that there was no increase in intracellular K
when NaCl was substituted for the KCI sup-
plements to the growth medium (Fig. 1B).
However, the total intracellular cation con-
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cenfration, as estimated from the sum of Na
and K concentrations, gave a curve remark-
ably similar to that for K in Fig. 1A. 1In all
cases intracellular Na concentration was lower
than that of the medium, while intracellular
K concentration exceeded it. The increase in
intracellular cation concentration results not
only from increase in total cation content, but
also from decreased water content of veast.
Nonetheless, the water content was in no case
as low as that of commercial veast.

Yeast grown in high concentrations of
either KC1 or NaCllost a considerable amount
of potassium when washed with water. Chris-
tian(6) found a similar loss of K in washing
experiments using Salmonella  oranienburg.
The loss from yeast was too large to be ac-
counted for by possible inaccuracy in estima-
tion of extracellular space, especially in the
case of high Na where correction for extracel-
lular K introduced almost no error. Similarly
it cannot be accounted for by Conway and
Downey’s(2) “outer metabolic region” of the
yeast cell. The efflux of K from baker’s yeast
described by Rothstein and Bruce(7) is prob-
ably not important in this case for several rea-
sons: efflux rates are too small to account for
losses in our experiments. particularly since
each washing took 3 minutes or less; only
negligible amounts of substrate were present;
the efflux described by Rothstein and Bruce
would be obliterated by the amounts of po-
tassium in the wash water.

The present data suggest that yeast K ex-
ists in 2 fractions. One fraction (diffusible) is
easily removed by washing and may account
for almost half the intracellular K in cells
grown in 300 mM KCI or NaCl. Since this
fraction is relatively small (10 meq/kg cell
water) in control cells. the increased diffusible
K may be a consequence of increased osmotic
pressure. The other fraction (fixed) is dif-
ficult to remove with washing. Intracellular
Na may also be distributed into 2 compart-
ments, although a smaller proportion appears
to be in the fixed fraction (Fig. 1B). Fixed
K does not change appreciably with increasing
extracellular K, but decreases with higher ex-
tracellular Na concentrations. However, the
sum of the fixed fractions of Na and K is con-
stant over the range of Na concentrations
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studied, suggesting that Na competes with K
for the fixed fraction.

Isotope studies have demonstrated that po-
tassium is distributed in 2 or more fractions in
several types of cells(8,9,10). The nature of
the 2 fractions in yeast has not been ascer-
tained. Possible factors include intracellular
compartments of differing permeability or dif-
ferential binding phenomena. Conway and
Duggan(3) have shown a competitive effect of
Na on K uptake by commercial yeast and
have prepared Na-rich yeast in which Na has
replaced intracellular K.

Summary. Experiments were carried out
to elucidate the effects of varying concentra-
tions of potassium and sodium in growth me-
dium on water and respective ion content of
veast. The resulting changes in intracellular
potassium and sodium indicate that yeast is
a poikilosmotic organism; internal osmotic
pressure as indicated by total intracellular
sodium and potassium may vary 2- or 3-fold.
Sodium and potassium appear to be distrib-
uted into at least 2 intracellular fractions; a
diffusible fraction which is readily removed
by washing, and a fixed fraction relatively
constant in amount which is difficult to re-
move by washing. Sodium can replace over
40% of the fixed potassium at high external
sodium concentrations.
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