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The stability of the K’ transport system in Sacchurornyces cerevisiae has been studied upon inhibition of protein synthesis with cycloheximide. 
Addition of the antibiotic gave rise lo an inactivation of this transport. This activation followed first-order kinetics and was stimulated by the 
presence of a fermentable substrate. A half-life of about 4 h could be calculated in the presence of glucose. The results indicate that, similarly to 

sugar carriers, K’ transport system is less stable than the bulk of proteins of this organism. 
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1. INTRODUCTION 

Most enzymes in Succlzuromyces cerevisiae are fairly 
stable in maintaining their catalytic activities for long 
periods under different metabolic conditions [l-4]. 
Sugar transport systems behave differently in this re- 
spect since a rapid inactivation is observed upon inhibi- 
tion of protein synthesis [4]. This inactivation, that fol- 
lows first-order kinetics indicating half-lives in the 
range of 1-5 h for these carriers [5 -81, is an energy- 
dependent process stimulated by fermentable substra- 
tes. The characteristics of this inactivation suggest that 
it is due to proteolysis of these proteins [5-81. To see 
whether a low stability is a peculiarity of the sugar 
transports or also affects other carriers of the yeast 
plasma membrane we have investigated the stability of 
the K’ transport system. 

K’ transport has been extensively studied in S. cerevi- 
siae [9-l 11. This transport is dependent on plasma mem- 
brane potential [12] and exists in two interconvertible 
forms with different kinetic constants depending on the 
K’ content of the cells [13,14]. To investigate the stabil- 
ity of this carrier we have followed its activity upon 
inhibition of protein synthesis by addition of cyclohexi- 
mide. 

2. MATERIALS AND METHODS 

Cycloheximide, MES, diethylstilbestrol and ATP were from Sigma 
Chemical Co. (St. Louis, MO). All other reagents were of analytical 
grade. Strain ATCC 42407 was grown aerobically with 2% glucose in 
minimal medium as previously described [15]. Strains RS-514 (MAT 
a, adel-100, his4-519, leu 2-3,112, ura 3-52, PMAI), RS-515 (MAT 
a, adel-100, his4-519, leu 2-3,112, ura 3-52, pmal-204), RS-516 (MAT 
a, adel-100, his4-519, leu 2-3,112, ura 3-52, pmal-205) constructed as 
described in [16] were grown with 2% glucose, 0.7% yeast nitrogen 
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base without amino acids (Difco), 20 p@rnl adenine, and 20 pglhisti- 
dine buffered with 50 mM Mes-Tris, pH 6.5. Ceil growth was monito- 
red by optical absorbance measurement at 640 nm. Plasma membrane 
ATPase was measured in crude membrane preparations [17]. For this 
purpose cells were treated with glucose before homogenization as 
described in [18] and the enzyme activity was measured as described 
[ 171. Protein content of the membrane preparations was determined 
by the method of Lowry et al. [19] after precipitation with 5% trich- 
loroacetic acid. Activity of the K’ transport system was measured by 
following Rb’ uptake using atomic absorption spectrophotometry as 
described [13]. For this purpose cells were previously depleted of 
intracellular K’ by incubation in the presence of NaN, as described 
in [14]. To recover the plasma membrane potential before Rb’ uptake 
measurements, NaN,-treated cells were washed with water and incu- 
bated for 5 min in the presence ofglucose as described [ 141. Rb’ uptake 
was started by addition of 5 mM RbCI. At this concentration of Rb’ 
the carrier is almost saturated and the velocity measured is very close 
to the V,,, [14]. Protein content of the cells was determined as de- 
scribed in [20]. 

3. RESULTS AND DISCUSSION 

Addition of cycloheximide to glucose growing cells 
produced a decrease in the uptake of Rb’ that followed 
first-order kinetics indicating a half-life for the K’ 
transport system of about 3.5 h (Fig. IA). These results 
are consistent with the low intracellular concentration 
of K’ detected in yeast cells treated with this antibiotic 
[21]. When instead of glucose, ethanol was present as 
the energy source, the inactivation occurred at a lower 
rate and in this case a half-life of about 15 h could be 
calculated (Fig. 1B). 

This decay of Rb’ uptake could be due to the turn- 
over of the carrier as well as to a decrease in the activity 
of the plasma membrane ATPase through its effect on 
plasma membrane potential and intracellular pH 
[12,22,23]. Actually a certain inactivation of this enzyme 
has been reported in conditions similar to the ones used 
in this work [24]. To check this possibility we investigat- 
ed the behaviour of ATPase during our experiments. 
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Fig. 1. Inactivation of the K’ transport and plasma membrane ATP- 

ase upon addition of cycloheximide. Cells were harvested during expo- 
nential growth on glucose and transferred to 5 times the initial volume 
of fresh medium containing 10 ,@ml cycloheximide, 250 ,ug/ml tetra- 

cycline chlorhydrate and 2% glucose (A) or 2% ethanol (B). After in- 
cubation at 30°C for the indicated time, cells were harvested and 
assayed for K’ transport (3) and ATPase (A) activities. The results 

are means f SD of 4 experiments 

We observed that addition of cycloheximide to glucose 
growing yeast gave rise to an inactivation of the ATPase 
that occurred at a lower rate than the one observed in 
the case of the K’ transport system. To investigate the 
effect that these changes in ATPase could produce in the 
K’ transport activity we used two mutants with a redu- 
ced expression of plasma membrane ATPase [16] and 
found that a decrease in the activity of this enzyme of 
as much as 60% was accompanied by a decrease in the 
activity of the carrier of only 25% (Table I). Similar 
results have been reported by Ramos et al. [12]. These 
results suggest that the slow decrease in ATPase activity 
observed upon addition of cycloheximide to glucose 
growing yeast (T,,, about 9 h) does not account for the 
rapid inactivation of the K’ transport system (T,,, 
about 3.5 h) (Fig. 1A) and strongly indicate that this 
inactivation is mainly due to the unstability of the car- 
rier itself. However, a much greater contribution of 
ATPase to the inactivation of the K’ transport takes 
place when, instead of glucose, ethanol was present. 
This is suggested by the fact that, in this case, the in- 
activation of ATPase occurred at higher rate ( T1,2 about 
7 h) than that of the carrier (T,,* about 15 h) (Fig. 1B). 

In conclusion, the results shown in this work indicate 
that, similarly to sugar transport systems, K’ transport 
system is less stable than the bulk of proteins of S. 
cerevisiue and that its instability is increased by the 
presence of fermentable substrates. 

Rogers et al. [25] have observed that some proteins 
with short intracellular half-lives contain one or more 
regions rich in Pro (P), Glu (E), Ser (S), and Thr (T) that 
are flanked by positively charged amino acids. In addi- 
tion, proteins containing Arg-Arg pairs are also rapidly 

Table I 

Activity of the plasma membrane ATPase and the K’ transport system 
in mutants with reduced expression of ATPase 

Strain ATPase 
activity 

K’ transport 
activity 

RS-514 (PMAl) 100 100 

RS-5 15 (pmal -204) 42 75 

RS-516 (pmal-205) 37 12 

Values are relative to those of the wild-type strain. The absolute values 
of the activities of the wild-type were 0.45 pmol ATP’min’ .rng-’ 
protein for ATPase and 61 nmol Rb’ .rnin’ .rng-’ protein for K’ 

transport. 

degraded 1251. Taking these facts into account, it has 
been recently predicted that K+ transport should be a 
target for rapid degradation because it contains three 
PEST sequences and six Arg-Arg pairs [26]. Our results 
confirm this prediction. 
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