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The applicability of 9-aminoacridine as a probe of the surface potential of yeast cells is examined. Yeast cells 
are found to quench the fluorescence of the dye and it is shown that this quenching is caused by a decrease in 
the dye concentration in the bulk aqueous phase. Consistent with predictions of the Gouy-Chapman theory 
the dye is displaced from the surface of the yeast cells by addition of salts, the effectiveness of the salts being 
related to the valency of the cation: C 3 + >  C 2 + >  C l+.  It is shown that 9-aminoacridine is predominantly 
bound by the plasma membrane of the cells. Only a minor part of the binding occurs in the cell wall, in line 
with the finding that enzymic removal does not significantly affect the binding of the dye to the cells. A single 
relationship for the distribution ratio of the dye between cells and medium with the ~" potential of the cells is 
found, irrespective of the way the ~' potential is changed, either by varying the pH or the Ca 2+ concentration. 
It is argued that the electrostatic potentials probed by the dye are much higher than the corresponding ~" 
potentials and are of the same order of magnitude of the presumed discrete charge potentials experienced by 
cation transporters in the plasma membrane. It is concluded that 9-aminoacridine may be applied as a 
convenient and almost quantitative probe of the surface potential that effects the kinetics of ion uptake by 
the yeast cells. 

Introduction 

Previous work in this laboratory has revealed 
the importance of the surface potential of yeast 
ceils in controlling the transport of ions across 
their plasma membrane (see Ref. 1 and references 
therein and Refs. 2 and 3)). We have shown that 
due to the influence of the surface potential on ion 
uptake the interpretation of transport kinetic data 
may be completely different from that applicable 
to enzyme kinetics. For example, polyvalent ca- 
tions caused an increase in K m of the Rb ÷ uptake. 

* To whom correspondence should be sent. 

Within the concept of enzyme kinetics this effect 
would be interpreted as a competitive inhibition. 
However, the inhibition appeared to be caused by 
reduction in the surface potential by the polyva- 
lent cations [4,5]. An other important effect of the 
surface potential on ion uptake was involved in 
the concentration dependence of the Ca 2÷ uptake. 
The process showed saturation kinetics, which, 
however, could be ascribed to the progressive re- 
duction of the surface potential on raising the 
Ca 2÷ concentration [3]. In other words, due to the 
reduction in surface potential caused by Ca 2÷ 
itself, the diffusion of Ca 2 ÷ into the cells behaved 
kinetically as being mediated by a two-carrier sys- 
tem. 
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The above conclusions were reached by making 
use of the ~" potential as a measure for the surface 
potential. The comparison of transport kinetic data 
and the ~ potential measured by means of cell 
electrophoresis, however, revealed that the electro- 
static potential that would effect the kinetics of 
ion uptake is greatly underestimated by the 
potential [2,3]. This is possible if the negative 
surface charges are not uniformly distributed over 
the surface of the membrane and the cation trans- 
porters are located in close proximity of these 
negatively charged groups. A relatively high dis- 
crete charge potential will then be experienced by 
the transporters. The ~ potential, which depends 
on the average charge density, may consequently 
be appreciably lower (see for example Ref. 6). In 
this connection it is of great importance to have a 
technique available that would enable us to probe 
the negative surface charges intimately. Such a 
technique has been described by Chow and Barber 
[7]. They showed that a variety of negatively 
charged surfaces quench 9-aminoacridine fluores- 
cence and presented evidence for the idea that the 
quenching of 9-aminoacridine fluorescence is 
brough about by the attraction of this monovalent 
cationic dye molecule into the diffuse double layer 
adjacent to the negatively charged surface. They 
also presented evidence for the applicability of 
9-aminoacridine as a probe of the surface potential 
in localized regions of the membrane surface. 

We have now examined the applicability of the 
9-aminoacridine method to probe the surface 
potential experienced by cation transporters in the 
yeast cell membrane quantitatively. In addition, 
we have compared the effect of pH and of calcium 
ions on the dye/cel l  interaction with their effect 
on the ~ potential of the cells. 

Materials and Methods 

Preparation of cells, protoplasts and cell walls. A 
4% (w/v)  suspension of yeast cells, Saccharomyces 
cerevisiae strain Delft II in distilled water was 
starved overnight by aeration. After aeration, the 
cells were washed three times with distilled water 
and resuspended in distilled water to a density of 
10% (w/v). Cells of the nonflocculent brewing 
yeast S. cerevisiae A294 (obtained from Whitbread 
and Co., Ltd., Luton, U.K.) were grown as de- 

scribed in Ref. 8. After harvesting in the exponen- 
tial phase of growth by centrifugation, the cells 
were washed thrice with distilled water and resus- 
pended in distilled water to a density of 10% 
(w/v). 

Protoplasts of the strain A294 were prepared as 
described by Theuvenet and Bindels [8]. The pro- 
toplasts were suspended in 0.82 M sorbitol pro- 
vided with 1 mM CaC12 at a cell density of 
0.5 • 1 0  9 protoplasts per ml, which was equivalent 
to 39 mg dry weight of intact cells per ml. 

Cell walls were isolated from the Delft II strain 
according to Ref. 9. In order to remove remnants 
of membranes the cells were delipidized in an 
ethanol/diethyl  ether (3 : 1, v /v )  mixture, accord- 
ing to Ref. 10, Subsequently the cell walls were 
washed ten times by centrifugation in ice-cold 
distilled water and resuspended in distilled water 
at a density of 20 mg dry weight/ml. Per g dry 
weight of cells 173 mg dry weight of cell walls was 
obtained. 

Fluorescence assays. The suspensions of yeast 
cells, cell walls and protoplasts were diluted with 
an equal volume of 90 mM Tris/succinate buffer 
of the desired pH, also containing 9-aminoacri- 
dine. In some cases a 20 mM Tris/succinate buffer 

• was used as indicated in the legend to the figures. 
The buffer used to dilute the protoplast suspension 
also contained sorbitol as an osmotic stabilizer. 
The concentration of sorbitol was properly 
adjusted to assure a constant osmolarity in the 
protoplast suspension of 865 mosM. Routinely, 
the buffers contained 2 /zM 9-aminoacridine, un- 
less stated otherwise. Rapidly after dilution, the 
suspensions were centrifuged and the supernatants 
collected. The fluorescence of the supernatants, if 
needed after appropriate dilution, were measured 
with an Aminco SPF 500 spectrofluorimeter, using 
the wavelength pairs for excitation and emission, 
400 nm and 454 nm, respectively, and the dye 
concentration, F, was calculated by making use of 
a calibration curve. In one experiment the fluores- 
cence of the suspension was measured, both before 
and after the addition of 100 mM MgC12, in 
addition to the measurement of the fluorescence of 
the supernatants. The fluorescence of a 1 : 1 dilu- 
tion of the 9-aminoacridine-containing buffers with 
distilled water was also measured. From these 
data, after applying a correction for the presence 



of a volume in the suspension that was occupied 
by either the yeast cells, the protoplasts or the cell 
walls, and thus was inaccessible for the dye (see 
Ref. 11), the initial concentration of the dye, F i 
was calculated. The inaccessible volume occupied 
by cell walls was calculated from their dry weight, 
assuming a specific density of 1.3 • 103 g. l-~. The 
amount of acridine bound to either the cells, the 
protoplasts or the cell walls, B, was calculated 
according to Eqn. 1, 

F i - F AC 
B a a ( i )  

where ~ represents the dry weight of an equivalent 
amount of intact cells per unit volume of suspen- 
sion and is expressed in g. l -  1; Fi ' F and AC are in 
~M and B in / tmo l ,  g-1. Unless stated otherwise, 
the binding of the dye was measured at 25 ° C. 

Cell electrophoresis. Cell electrophoretic mobili- 
ties were measured at 25 °C using a rectangular 
cuvette and apparatus as described by Fuhrmann 
et al. [12]. From the electrophoretic mobility, the 
zeta potential was calculated by using the Helm- 
holtz-Smoluchowski equation [13]. 

Chemicals. 9-Aminoacridine was purchased 
from Sigma. All other chemicals were reagent or 
analytical grade and obtained from commercial 
sources. 

Results 

Recently we reported [11] that the addition of 
yeast cells to a 9-aminoacridine solution causes an 
instantaneous and significant quenching of the 
fluorescence of the dye. Depending on the pre- 
treatment of the cells and on the pH of the medium 
the instantaneous quenching may be followed by a 
further decrease in dye fluorescence. The primary 
quenching' was interpreted to reflect the interac- 
tion of the dye with the extracellular surface of the 
cells, while the secondary decrease in the fluo- 
rescence was attributed to the transport of the dye 
into the cells. In this article attention has been 
focussed on the primary quenching phenomenon. 
It will be shown that this primary quenching is 
related to a surface potential-dependent binding of 
the dye by the cells. 

It appeared that addition of 100 mM MgCl 2 to 
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Fig. 1. Relationship between the fluorescence quenching release 
in the yeast suspension Q and the increase in fluorescence of 
the supernatant AF  s provoked by 100 mM MgCl 2 at pH 6,0. 
The data points were obtained by varying the cell density from 
1 to 10 mg dry weight per ml. The 9-aminoacridine concentra- 
tion was 4/~M. Q and AF~ are expressed in the same relative 
fluorescence units. The 100% value corresponds to the fluores- 
cence of a 1 /tM dye solution. 

the yeast suspension, which is expected to reduce 
the negative surface potential considerably, in- 
stantaneously released the quenching of the dye 
and concomitantly increased the fluorescence of 
the supernatant of the suspension (data not shown). 
Fig. 1 shows that the salt provoked release of the 
quenching of the dye could be accounted for 
quantitatively by the increase in fluorescence of 
the supernatant. Apparently, only the species of 
the dye which remained present in the bulk solu- 
tion contributed to the fluorescence, whereas the 
molecules bound by the yeast cells had become 
nonfluorescent. The different levels of fluorescence 
quenching release were obtained by variation of 
the cell density. Although the decrease in dye 
concentration in the bulk solution (AC) increased 
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Fig, 2. Dependence of B/F on the dye concentration in the 
bulk aqueous phase F at pH 6.0. 

Fig. 3. Arrhenius plot of B/F. Data were obtained at pH 6.0. 
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with the density of the cells (8), the relative amount 
of dye bound to the cells (B-- -AC/8)  decreased 
(data not shown). The ratio of B and the dye 
concentration in the supernatant, F, however, ap- 
peared to be independent of the cell density be- 
tween 1 and 50 mg dry weight of yeast /ml  (data 
not shown). For convenience all further experi- 
ments have been performed at a cell density of 12 
mg/ml  and B/F values have been estimated from 
measurements of the acridine concentration in su- 
pernatants of the cell suspension. 

The value of B/F also appeared to be indepen- 
dent of the initial dye concentration. Fig. 2 shows 
that this applies to a wide range of acridine con- 
centrations (0.1-100 #M). 

The experiments described in this article were 
all carried out at 25 °C. The necessity to measure 
the binding of 9-aminoacridine by yeast cells at a 
properly specified and constant temperature is il- 
lustrated in Fig. 3. The binding of the dye showed 
a peculiar temperature dependence. The binding 
was increased approximately 2-fold on lowering 
the temperature from 40 o C to 5 o C. 

Not only MgCI 2 diminished the binding of 
9-aminoacridine by the yeast cells. Also other salts 
caused a decrease in the B/F value. Fig. 4 shows 
the dependence of B/F on the concentration of a 
salt added. All the salts applied gave similar ef- 
fects though over different concentration ranges 
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Fig. 4. Dependence of B/F on the presence of mono-, di- and 
trivalent cations in the yeast suspension at pH 6.0. The con- 
centrations, denoted C, refer to the nominal concentrations of 
salt added. The final buffer concentration was 10 mM Tr i s /  
succinate. (O) LaCI 3, (m) MgC12 and (v) LiCI. 

TABLE I 

RELATIVE EFFECTIVENESS OF SALTS IN REDUCING 
THE BINDING OF 9-AMINOACRIDINE BY YEAST 

CELLS 

The salt additions were made to a yeast suspension in 10 mM 
Tris/succinate buffer pH 6.0 containing 1 #M 9-aminoacri- 
dine. The C1/2 values given are the concentration of salts 
producing a 50% reduction in B/F. 

Addition C1/2 (mM) 

KC1 21 
CsC1 21 
NaCI 32 
LiCI 40 

MnCI 2 0.80 
BaCI 2 0.80 
CaCI 2 1.05 
SrCI 2 1.20 
MgCI z 1.57 
MgSO4 1.55 

LaCI 3 0.13 
T E C .  CI  3 a 0 . 1 8  

a TEC3+, tris(ethylenediarnine)-cobaltic cation. 

depending mainly on the valency of the cation. In 
comparison to salts of monovalent cations those of 
trivalent cations were on the average 200-times 
more effective, whereas salts of divalent cations 
were approx. 25-times more effective. The nature 
of the anion appeared to be unimportant. Salts 
containing the same cation but different anions, 
like MgC12 and MgSO4, were equally efficient (see 
Table I). Table I shows the concentration of salt 
needed to reduce the B/F value to half that in the 
absence of the salt (C1/2). 

Fig. 5 shows the pH dependence of the 9- 
aminoacridine binding by both intact yeast cells 
and isolated walls of the cells. For comparison the 
pH dependence of the ~ potential of the cells, 
determined by means of cell electrophoresis, is 
also given in this figure. Both the binding of the 
dye to the intact cells and their ~" potential were 
appreciably reduced on lowering the pH. The data 
show that only a minor part of the dye bound by 
intact cells (approx 6%) can be attributed to 'bind- 
ing' of the dye to the cell wall. Apparently, the dye 
was predominantly bound to the outer surface of 
the plasmamembrane. Indeed, enzymic removal of 
the wall did not much affect the binding of the dye 
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Fig. 5. pH dependence of 9-aminoacridine binding to intact 
cells and isolated cell walls and the ~" potential of the cells. The 
binding of the dye to intact cells (O) and to cell walls (A) is 
expressed in values of B/F. × ,  the ~" potential of the cells. 

by the cells, neither did it affect the effectivity of 
Ca 2+ in reducing this binding (see Fig. 6). Fig. 6 
also shows that the ~ potential of the cells is 
appreciably reduced by Ca 2 +. 

It should be remarked that the results in Fig. 6 
were obtained with the S. cerevisiae strain A294 
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Fig. 6. Dependence of 9-aminoacridine binding to intact cells 
and protoplasts of the strain A294 and the ~" potential of the 
cells upon the Ca 2 + concentration in the suspension at pH 4.5. 
The binding of the dye to intact cells (v) and to protoplasts (v) 
is expressed in values of B/F. (O) the ~" potential of the cells. 
Aimed at obtaining a better distribution of data points in the 

figure B/F and g" are plotted against ~ instead of against 
Ca 2+ directly. 
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and not with the Delft II strain used throughout 
this article. The A294 strain was chosen because 
from this strain, in contrast to the Delft strain, 
easily viable protoplasts could be prepared. Com- 
pared to the Delft strain, cells of S. cerevisiae 
A294 appeared to have a somewhat higher B / F  
value for the dye and the cells also exhibited a 
slightly more negative ~" potential. (Compare the 
data with those in Fig. 5 at pH 4.5). 

By making use of the data from Figs. 5 and 6 
we have constructed Fig. 7. In this figure also 
other data obtained with the Delft strain have 
been included. Data on the pH dependence of 
B / F  and the ~ potential in 10 mM instead of in 45 
mM Tris/succinate buffer and on the effect of 
Ca 2 + in 45 mM Tris/succinate (pH 6.0) have been 
used, as well. In addition data are included ob- 
tained with cells which were washed with 300 mM 
KCI adjusted to pH 3.0 with HC1. Both the bind- 
ing of the dye to the cells and their ~ potential 
were increased by this washing. To a good ap- 
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Fig. 7. Relationship between B/F and the ~" potential of  the 
cells. Data on the effect of  pH ( × )  and Ca 2+ at pH 4.5 (v) 
given in Figs. 5 and 6, respectively, are used. Also not shown 
data  are included: (O)  effect of Ca 2+ at pH 6.0; effect of 
washing the cells with an acid KC1 solution. B/F and the 
potential of the cells were determined at pH 4.5. (zx) before and 
(A) after the washing; effect of pH in 10 mM Tris /succinate  
buffers (D) pH 4.0, (El) pH 6.0 and (11) pH 8.0. 
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proximation, a single relationship between B/F 
and the ~" potential was found, irrespective of the 
way the changes in these parameters were brought 
about. The relationship between B/F and the ~" 
potential is described by Eqn. 2: 

In B/F = I + y~" (2) 

where I is the intercept of the extrapolated line 
with the ordinate and y is the slope of the line. It 
appeared that I = - 6.74 and y = 0.329 mV-  1. 

Discussion 

The results presented in this article are compati- 
ble with the idea that the quenching of 9- 
aminoacridine fluorescence is brought about by 
the attraction of this positively charged dye mole- 
cule (pK a = 9.99 [14]) into the diffuse double layer 
adjacent to the negatively charged surface. This 
implicates that 9-aminoacridine may be used as a 
probe of the surface potential. Fig. 1 makes clear 
that the dye molecules associated with the cells 
become nonfluorescent, in line with observations 
made by other investigators (see for example Refs. 
15-17). 

The acridine dye fulfils the prerequisites needed 
for a suitable probe of the surface potential. The 
distribution ratio of the dye between cells and 
medium, expressed by its B/F value is indepen- 
dent of the dye concentration and of the density of 
the cells. This means that the dye itself does not 
affect the potential to be probed. Consistent with 
predictions of the Gouy-Chapman theory [18,19], 
displacement of the dye from the surface of the 
yeast cells can be achieved by the addition of salts 
(Fig. 4). The addition of salts increases the dye 
concentration in the supernatants. The effective- 
ness depends on the valency of the cation used: 
C3+> C2+> C 1+, in line with the expected de- 
crease in the surface potential of the cells. 

Within one class of cations of the same valency 
small differences in their potency in reducing the 
binding of the dye by the cells are observed (Table 
I). This probably reflects the ability of the cations 
to reduce the surface potential not only by means 
of a charge screening effect, but in addition, by 
binding to the fixed charges. Then namely, the 
surface potential will be reduced more effectively 

by the cation with a higher affinity for the fixed 
charges. As a matter of fact, similar differential 
effects of the divalent cations have been observed 
on the ~ potential of the cells [20]. Also effects of 
divalent cations on Rb ÷ uptake, which are attri- 
buted to a reduction in the surface potential 
showed the same pattern [4]. 

It is well known that the cell wall of yeast also 
contains negatively charged groups [21,22]. How- 
ever, only 6% of the binding of 9-aminoacridine by 
intact yeast cells can be accounted for by binding 
of the dye in the cell wall (Fig. 5). Part of this 
binding may even be apparent, being due to the 
negative Donnan potential between cell walls and 
medium by which the dye will be concentrated 
inside the cell walls. It thus appears that the 
negative charges of the cell wall are of minor 
importance for the binding of 9-aminoacridine by 
intact cells. Further support for this notion comes 
from the experiment with protoplasts (Fig. 6). 
Enzymic removal of the cell wall does not signifi- 
cantly affect the binding of the dye. It may be 
concluded therefore that the binding of the dye is 
mainly determined by the negative charges of the 
plasma membrane, i.e. by the negative surface 
potential of the cells. 

Fig. 6 also shows that the effectivity of Ca 2 ÷ in  
reducing the binding of 9-aminoacridine by the 
yeast cells remains the same after enzymic removal 
of the cell wall. This means that also the effects of 
divalent cations mainly reflect a decrease in the 
negative surface potential of the yeast cell, and 
that possible interactions of the divalent cations 
with the cell wall are only of minor importance. 

Unexpected is the large temperature depen- 
dence of the 9-aminoacridine binding (Fig. 3). 
According to the theory of the electrical double 
layer [18,19] only a slight increase in the binding is 
expected on lowering the temperature. The great 
increase in the binding is probably a general fea- 
ture of acridines in their interaction with cellular 
surfaces. The binding of substituted aminoacri- 
dines, ACMA (9-amino-6-chloro-2-methoxyacri- 
dine) and atebrin by thylakoids, for example, is 
also enlarged appreciably at lower temperatures 
[23,24]. The strong dye interaction at low tempera- 
ture could be due to an increase in charge density 
of the membrane. From the Gouy-Chapman equa- 
tion [18,19] it can be deduced that then the con- 



167 

centration of a divalent cation that produces a 
50% reduction in B/F will be decreased. It ap- 
peared, however, that the binding of 9-aminoacri- 
dine at 5 ° C is reduced by Ca 2 ÷ as effectively as at 
25 ° C (data not shown). The increased binding of 
the dye at lower temperatures is therefore unlikely 
due to a higher surface charge density. Possibly, 
the increased binding is due to an increased num- 
ber of binding sites as is recently found for atebrin 
by Schuurmans et al. [24] or to an enhanced dye 
aggregation at the membrane surface as has been 
suggested by Torres-Pereira [23]. Another possibil- 
ity would be that the affinity of binding sites on 
the membrane for the dye is increased on lowering 
the temperature. 

In previous publications we have used the 
potential of the cells as a diagnostic tool in 
evaluating effects of the surface potential in ion 
uptake. Indeed the ~ potential appears to be a 
reasonable probe of the surface potential. Fig. 7 
shows that the ~ potential is directly related to 
B/F, a parameter determined by the surface 
potential. Irrespective of the way the surface 
potential is changed, a single relationship between 
B/F and the ~ potential is found. The finding of 
this relationship not only gives credibility to our 
arguments with regards to the use of the ~ poten- 
tial as a diagnostic tool in the study of electrostatic 
effects in ion uptake, it also enables us to de- 
termine the value of B/F at zero surface potential 
and to correlate the measured B/F values with the 
surface potential ~ko experienced by the dye mole- 
cules. This is argued below. 

Recently, Huang et al. [16] have shown that the 
quenching of acridine dyes in the presence of 
biological membranes is due to complex formation 
between the dye and the plasma membrane. Under 
conditions that the adsorption of the dye has a 
negligible effect on the net charge density of the 
membrane the relationship between the surface 
density of dye molecules adsorbed to the mem- 
brane per unit dry weight of cells, B, and the dye 
concentration in the medium, F, respectively, may 
be described by a combination of the Langmuir 
equation and the Boltzmann equation [25]; 

Bma x. F o Bma x- F. y Bma x" F 
B (3 )  

K D + F  o KD+F'y  ( K D / y ) + F  

where K D is the dissociation constant of the corn- 

plex, Bma X is the maximum surface density of 
adsorbed dye molecules, F o is the concentration of 
the dye in the aqueous phase adjacent to the 
membrane, y = ( e x p -  F*~'o/RT ) and F*, R and 
T have their usual meaning. 

Under the experimental conditions applied in 
the present study the distribution of 9-aminoacri- 
dine between cells and medium ( B / F )  is indepen- 
dent of the dye concentration (Fig. 2). Apparently 
KD/Y >> F and, consequently Eqn. 3 reduces into 

Bmax 
B / F =  ~ "y = l ' y  (4)  

and after rearrangement, into 

4,0 = 25.6 ( l n l - l n B / F )  (5) 

where In I = -6 .74 ,  and represents the value of 
the intercept of the extrapolated line in Fig. 7 with 
the ordinate, assuming that at zero ~ potential also 
~" is zero. Eqn. 5 predicts that a reduction of 59 
mV in ~k~, causes B/F to decrease 10-fold. Fig. 7 
shows that a 10-fold decrease in B/F is achieved 
on reducing the ~ potential 7 mV. Thus ap- 
parently, ~ ,  = 8.4 ~'. Also the electrostatic poten- 
tial experienced by cation transporters is an order 
of magnitude higher than the corresponding ~" 
potential [2,3]. It thus appears that 9-aminoacri- 
dine indeed is able to probe the surface potential 
adjacent to the cation transporters of the yeast cell 
almost quantitatively. The latter potential has been 
considered to represent a discrete charge potential 
[2,3]. Its almost quantitative detection with 9- 
aminoacridine therefore supports the notion that 
this dye is able to probe localized charged areas on 
a biological membrane surface [7]. 

Though several other fluorescent probes for the 
surface potential are described in literature, we 
feel that 9-aminoacridine is one of the most suita- 
ble probes. Because of its high pK a it is almost 
quantitatively ionized up to pH = 8. In this respect 
it is more favourable than other acridines like 
9-amino-6-chloro-2-methoxyacridine (ACMA) 
which has a pK a of 8.5 [26]. 1-Anilino-8-naph- 
thalene sulfonate (ANS) may also be used as 
surface potential probe of biological membranes 
[27]. Orienting experiments, however, have shown 
that this compound is not suitable for our purpose 
(Barts, P.W.J., unpublished experiments). The ap- 
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pl icat ion of 9-aminoacr idine  is restricted to yeast 

cells which do not  have developed the thiamine 

carrier system. As we have recently shown [11], the 

dye is accumulated into the yeast cells by means  of 

this derepressible system. In  exhausted non-  
metabolizing cells, as applied by us, this system is 

not  active anymore.  After  addi t ion of glucose, 
however, the thiamine t ransport  system is devel- 
oped within 30 min. But even with metabol iz ing 

yeast, in format ion  about  the surface potent ial  can 
be obtained by either suppressing metabolic  up- 
take of the dye by addi t ion of th iamine disulfide, a 

potent  specific inhibi tor  of the thiamine carrier 
[11], or by extrapolat ing uptake data to 'zero '  time 
by which only the rapid almost immediate  b ind ing  

of the probe to the external surface of the cells will 

be obtained.  

In  view of the presented results we conclude 
that 9-aminoacr idine  may be applied as a conveni-  

ent  probe of the surface potent ial  of yeast cells. 
Changes in the surface potent ial  that effect the 

kinetics of ion uptake by the cells can be probed 

almost  quant i ta t ively  by this acridine dye, pro- 
vided the temperature  is kept constant .  
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