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Abstract-The ionophoric and hemolytic activities of two antifungal aromatic heptaenes: vacidin A and 
perimycin A, were studied on human red blood cells. Measurements of hemaiysis, K+ influx and efflux, 
H+ movement and potential difference across the cell membrane, show that the hemolytic activity, 
being related to the K+ permeability induced by the polyene, is strongly dependent on the ability of this 
polyene to induce H” movement. It was shown that: (1) both antibiotics have approximately the same 
efficiency in inducing K+ permeability, but a lOO-fold difference in their hemolytic activity; (2) their 
hemolytic activity is related to their ability to induce H+ movement; (3) the protonophoric activity 
requires the existence of a free carboxyl group in the macrolide ring, as in vacidin A. The hemolytic 
activity is determined by the intrinsic efficiency of a K+/H’ exchange induced by this polyene. With 
perimycin A, which lacks the free carboxyl group, the hemolytic activity is dependent on the Cl- 
conductive flux which slows down the K’ flux. 
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Fig. I. Structure of perimycin A and vacidin A. 

Perimycin A and vacidin A (Fig. 1) are antifu~ga1 
antiobiotics belonging to the group of large macro- 
lide ring polyenes, subgroup of aromatic heptaenes 
[l]. These antibiotics are biolo~cally much more 
active than the non-aromatic polyenes amphotericin 
B and nystatin [Z] which are commonly used in 
human antifungal therapy, although their mode of 
action appears comparable. AI1 large macrolide ring 
polyenes are membrane active compounds, able to 
form channels, the selectivity of which is dependent 
on the antibiotic structure, concentration and con- 
ditions of action. Aromatic heptaenes form cation- 
selective channels 13-51 which exhibit some inter- 
cationic selectivity [6,7]. 

Our previous studies of the action of aromatic 
heptaenes on both biological and model systems 
[2,8] have shown that perimycin A has apparently 
very low activity for cholesterol-containing mem- 
branes. This antibiotic has very low hemolytic 
activity on human erythrocytes, although it is very 
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efficient in inhibiting growth of microorganisms such 
as yeast cells. This is in contrast to vacidin A which 
is as active in cholesterol- as in ergosterol-containing 
membranes. 

A comparative study of the ionophoric action of 
a series of natural or semisynth~tjc derivatives of 
aromatic polyenes (vacidin A derivatives) has shown 
IS] that there is a relationship between the presence 
of a free carboxyl group in the Cl8 position of the 
macrolide ring and the hemolytic activity of the 
compound. This carboxyl group, present in vacidin 
A, confers hemolytic activity to these molecules. In 
the absence of this group (perimycin A, vacidin A- 
methyl ester) the hemolytic activity is very low. In 
order to interpret these observations, it was sug- 
gested that the free carboxyl group is important in 
determining the permseiectivity of polyene induced 
pathway to cations and more precisely the per- 
meability to protons 191. Therefore, a comparative 
study of the effect of perimycin A and vacidin A on 
human erythrocytes was carried out. The results of 
this study show that, although both polyenes induce a 
high permeability to potassium, the resulting volume 
change in isotonic potassium chloride medium, which 
eventually leads to hemolysis, depends on the ability 
of the polyene to induce proton pe~eability. 

MATERIALS AND METHODS 

The sources of vacidin A and perimycin A were 
reported previously [2]. FCCP (carbonyl cyanid-p- 
trifluoromethoxyphenyl hydrazone) was from 
Boehring~r-~annheim (Hamburg, F.R.G.), vali- 
nomycin from Sigma Chemical Co. (Poole, U.K.) 
and DiS-C,-5-(diisopropyl d~carbocyanid~) from 
Eastern-Kodak Co. (Rochester. NY). 
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Human erythrocytes were isolated from blood as the dye between cells and medium was reached, the 
previously described [8]. After a final washing in tested polyene was introduced and the kinetics of 
150 mM choline chloride buffered with 3 mM Tris at fluorescence intensity change were recorded. Exci- 
pH 7.4, cells were kept on ice and used within a few tation and emission wavelengths were, respectively, 
hours. 620 and 670 nm. 

Hemolytic activity measurements. 2 x 10’ cells/ml 
were suspended in a 150 mM KC1 solution buffered 
with 3 mM Tris at pH 7.4 and equilibrated at 37” in 
a shaking water-bath. Then the desired quantities of 
the tested polyene were added as microliters of its 
concentrated solution in dimethylsulfoxide. The sol- 
vent by itself had no effect on cells at the con- 
centration used. 

RESULTS 

Hemolytic activity and potassium release 

Kinetics oflysis. At time intervals, aliquots of the 
cell suspension were centrifuged (1500 g, 2 min) and 
hemoglobin was measured in supernatants at 540 nm. 
100% hemolysis was taken as the absorbance 
obtained after osmotic shock. Dose-response curves 
were established in the same condition after 60 min 
incubation with increasing concentration of poly- 
enes. In experiments in which the effect of FCCP was 
measured, microliters of a concentrated ethanolic 
solution of this protonophore were added before 
polyene addition. The final FCCP concentration was 
5 X lo-” M, otherwise indicated. 

Typical time courses of hemoglobin release 
induced by perimycin A and vacidin A are given in 
Fig. 2. It appears clearly from this figure that there 
is a very large difference between the hemolytic 
activity of the two antibiotics. The hemolytic activity 
of perimycin A is very low, as compared to vacidin 
A: 20 PM of perimycin A are necessary to obtain in 
60 min approximately the same level of hemoglobin 
release than the level obtained with 0.02 PM of vaci- 
din. 

K+-release. Kinetics and dose-response curves 
were established by suspending red cells (2 X 10’ 
cell/ml) in a 150 mM sodium chloride solution buf- 
fered with 3 mM Tris at pH 7.4. K+-release was 
measured at time intervals (kinetics) or after 60 min 
of incubation (dose-response curves) with the poly- 
ene at 37”, by flame photometry in the supernatant. 
lo* cells/ml of unbuffered choline chloride has been 
used for the measurement at 22” of the kinetic of K+ 
release parallel to the measurements of proton efflux 
(see below). 

The hemolytic activity of both polyenes is 
increased in the presence of the protonophore FCCP. 
In preliminary experiments. the effect of FCCP on 
both hemolysis and potassium release induced by 
the two polyenes was studied as a function of its 
concentration. These experiments showed firstly that 
beyond lo-” M the FCCP effect becomes maximum. 
and secondly that this effect is the same whether 
FCCP is added prior to polyene addition or after. 

The effect of FCCP on the kinetic of hemolysis 
induced by perimycin A and vacidin A are given in 
Fig. 3a and b. respectively. 

Volume changes were measured by monitoring 
the light scattered at a right angle at 660 nm by the 
cell suspension, using a Perkin-Elmer spectro- 
fluorimeter, in temperature controlled conditions 
(22”). Calibration curves were obtained by sus- 
pending lo7 cells/ml of saline solution of osmolarity 
ranging from 200 to 600 mOsmoles. In the range 
studied a linear relationship was obtained between 
light scattering and volume change. For swelling 
measurements, 10’ cells were suspended per ml of 
140 mM potassium chloride buffered with 3 mM Tris 
at pH 7.4 and containing 20 mM sucrose to prevent 
hemolysis. For shrinking experiments 140 mM chol- 
ine chloride was used instead of potassium chloride. 

The stimulatory effect is very important in the case 
of perimycin A. For instance, whereas 0.1 PM of 
perimycin A does not promote any significant hem- 
olysis in 6 hr, the same concentration in the presence 
of FCCP results in 65% hemolysis in less than one 
hr. 

The fact that when FCCP is introduced after 5 hr of 
incubation with perimycin A, the hemolytic process 
starts immediately demonstrates that, although inac- 
tive. perimycin is actually present in the membrane. 
The stimulatory effect of FCCP on the hemolytic 
activity of vacidin A, although significant, is much 
less important (Fig. 3b). The increase in the hemo- 
lytic rate induced by FCCP is mainly visible at low 
vacidin A concentration. 

Kinetics of proton eflux. 10’ cells were suspended 
per ml of unbuffered 150 mM choline chloride solu- 
tion adjusted at pH 7.4 with KOH. The pH of the 
suspension was monitored using a pH meter equip- 
ped with a combined glass electrode (Radiometer, 
Copenhagen) connected to a recorder (TZ 4200 
Laboratorni Pristoje, Praha). The measurements 
were carried out on cell suspension in equilibrium 
with atmospheric carbon dioxide at 22”. 

The activities of the two polyenes in inducing K+ 
release do not exhibit such a large difference as their 
hemolytic activities. Perimycin A and vacidin A have 
a rather similar efficiency in inducing K+ release. As 
an example, the kinetics of K+ release obtained at 
the same concentration of 0.05 PM are reproduced 
in Fig. 4. Perimycin A is only about two times less 
efficient than vacidin A. Moreover. the kinetics 
observed are quite similar in the presence of FCCP. 

Membrane potential determination. 3 ml of a 
150 mM choline chloride solution buffered with 
3 mM Tris at pH 7.4, and containing 2 x lo-‘M 
of DiS-C3-5 were introduced in the cuvette of the 
spectrofluorimeter. After temperature equilibration, 
3 x 10’ cells were introduced. When a stable level 
of fluorescence corresponding to the distribution of 

The study of the kinetics of K+ efflux in general 
indicates that within about 60 min of incubation with 
either one of the polyenes, a maximal level of K+ 
release is obtained, which depends on the polyene 
concentration. FCCP increases the rates but does 
not modify the level of this maximum. Similar kin- 
etics have been already obtained on lipidic vesicles. 
On this system, it has been shown [ 191 that channels 
forming ionophores such as gramicidin D, ampho- 
tericin B or vacidin A, at low concentration exhibit 
a biphasic kinetics of action, which reflects the fact 
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that only pal-r of the vesicles ~apulatiun is per- 
meabilized rapidly upon ionnphore a~~~t~on, the 
second part, the importance of which is greater the 
lower the ~on~entrat~u~, is ~ern~eab~~~~ed sec- 
ondarily at a very sfow rate which depends on the 
rate of exchange of ionophore between vesicles. A 
similar mechanism may take place with red cells. 
The statistical distribution of ionophore molecules 
might result in the formation of subpoputations very 
~~~~r~ntly ~errneabi~~~~. 

Data abra~~ed for the herno~~~~ and porrne- 
abitizing activities of ~er~rny~~n A and vacidin A are 
summarized in Fig. Sa and b, under the form of 
dose-response curves of hemotysis and K+ release 
measured after one hr of ~n~ba~on with the two 
pofyenes with or without FCCP. The parame& of 
one hr of incubation was chosen rather than the tip, 
classically used. It makes passible the direct com- 
parison of the two polyenes which exhibit such a large 
difference in ~erno~y~~ activity. The meas~r~rn~~t of 
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Fig. 4. Time-course of potassium efflux induced by vacidin 
A and perimycin alone and in the presence of pro- 
tonophore. Poivene con~entratjon 0.05 &l, FCCP toes M. 
Sohd line: antibiotic alone; dotted fine: antibiotic + FCCP. 

Crosses: perimycin A; black dots: vacidin A. 

Table 1. Effect of protonophore on potassium release and 
on hemolytic activity of perimycin A and vacidin A 

W’(E~M) Hs~~/(~M) 

Antiobiotic -FCCP +FCCP -FCCP +FCCP 

Perimycin A 0.045 0.045 16 0.2 
Vacidin A 0.025 0.025 0.24 0.04 

KS0 is the concentration of antibiotic causing 50% intra- 
celtular potassium release from 2 X IO7 celtsfmi in isoos- 
motic buffered solution of choline chloride after 1 hr 
incubation at 37”. 

Hs~ is the concentration of antibiotic causing 50% hem- 
olysis of 2 x 10’ cells/ml in isoosmotic buffered solution of 
potassium chloride after 1 hr incubation at 37”. 

These values were determined graphically from the 
dose-response curves presented in Fig. 5. FCCP was used 
at final concentration 2 x IO-’ M. 

Antibiotic concentration (FM) 

Fig. 5. Dose-response Curves, measured after 60 mm incubation at 37” with increasing concentration of 
perimycin A (a) and vacidin A (h). Solid lines: potassium eftfux; dotted lines: hemolysis. Black dots: 

polyene alone; crosses: polyene “r FCCP (2.5 X 10‘” M). 

trh for perimycin A is ~n~racti~ab1~. Moreover. the 
‘t/z parameter implicitly refers to simple, mono- 
exponential kinetics. The kinetics observed with per- 
imycln A and vacidin A are more complex. 

The concentration corresponding to 50% K+ 
release, Kst, and 50% hemoglobin release, Hs,r, 
obtained from the dose-response curves are listed-in 
Table 1. 

Vacidin A and perimycin A appear to be simiiariy 
efficient in inducing K+-permeability, The Kss of 
vacidin A is less than two times smaller than the 
perimycin A KS,. The purely kinetical effect of FCCP 
on K*-release cannot be observed on dose-response 
curves established after 60 min of incubation. a long 

enough period of time for equilibrium to be reached. 
The hemolytic concentration range of perimycin A 
is twoorders of magnitude higher than that of vacidin 
A. In the presence of FCCP, both dose-response 
curves are shifted to a lower concentration range, 
but the shift is much more important for perimycin 
A than for vacidin A. The kisO values (Table 1) in 
the presence af FCGP decrease about six-fold for 
vacidin A and eighty-fold for perimycin A. The 
protonophore stimulates much more the hemoiytic 
activity of perimycin A than that of vacidin A. 

fn order to interpret the large difference between 



Ionophoric and haemolytic activities of perimycin A and vacidin A 1759 

9 

(a) 
c* 

H/ 
,,--r~05il;25 

/// /’ 

F 
‘\‘ \ 

\ ‘. 
I \ -. 
c \ -A 

L -. --A_ 

6 
- - - --1;2.5 -0.5 I 

850, 

) 

Time (set) Time (set) 

Fig. 6. Time-course of volume changes induced by perimycin A (a) and vacidin A (b). Solid line: polyene 
alone; dotted lines: polyene + FCCP (2.5 x 10m5 M). Polyene concentrations as indicated in PM. 

Shrinking in isoosmotic choline chloride. Swelling in isoosmotic potassium chloride. 

the hemolytic activity of perimycin A and vacidin A 
and between the stimulatory effect of FCCP on these 
activities, cell volumes changes were measured. Cell 
volumes changes are directly related to net flux of 
salt [lo]. Shrinking of red cells suspended in isotonic 
choline chloride is the result of the efflux of KC1 and 
swelling of cells in isotonic potassium chloride is the 
result of potassium chloride uptake, leading even- 
tually to hemolysis under the influence of the oncotic 
pressure of hemoglobin. In the present experiment, 
hemolysis was prevented by balancing hemoglobin 
oncotic pressure by 20 mM sucrose in the suspension 
medium. 

The results are given in Fig. 6a and b for peri- 
mycin A and vacidin A, respectively. The con- 
centration range studied for both polyenes was 0.1 
to 2.5 PM. As shown before (Fig. 5), in this con- 
centration range the permeabilization to K+ of the 
whole cell population is obtained. The volume 
change induced by vacidin A is increasingly fast 
with its concentration. The maximum shrinkage is 
obtained within 2 min at 2.5 PM and within 15 min 
at 0.1 ,uM. FCCP increases the shrinking rate, this 
action being significant only at low vacidin A con- 
centration. 

In potassium chloride, the maximum swelling is 
reached in less than 10min; the level of this maxi- 
mum depends on vacidin A concentration. FCCP 
has no significant effect: neither the rate, nor the 
maximum level are influenced. As expected peri- 
mycin A is much less efficient in inducing volume 
changes. This polyene induces slowly cell shrinking 
when alone, but much more rapidly in the presence 
of FCCP. In potassium chloride perimycin A alone 
is not able to promote any swelling even at the 
highest concentration. In the presence of FCCP, the 
swelling is obtained rapidly at a rate equivalent to 
that obtained with vacidin A, except at the lowest 
concentration (0.1 PM). These results show that the 

effect of FCCP is symmetrical. The protonophore 
increases the rate of both KC1 influx and efflux, 
without modifying the final equilibrium level of loss 
or gain of this salt. The fact that FCCP exhibits a 
much greater stimulating effect on perimycin A than 
on vacidin A action, suggests that vacidin A is able 
to induce a proton flux in exchange for potassium, 
whereas perimycin is not. According to this assump- 
tion, the potassium permeability induced by peri- 
mycin A must polarize strongly the red cell 
membrane and this should not happen with vacidin 
A. In order to test this hypothesis, proton move- 
ments and membrane polarization induced by the 
polyenes were measured. 

Proton movements across the red cell membrane 
were followed by monitoring the pH variation in cell 
suspensions in unbuffered isotonic choline chloride. 
Increase in pH is interpreted as a proton uptake by 
red cells in exchange for K+ [lo]. The K+ efflux was 
concurrently measured. It must be noted that this 
set of experiments has been carried out at a cell 
concentration of 10’ cells/ml instead of 10’ cells/ 
ml in the previous ones. As a result, the polyene 
concentration indicated cannot be compared directly 
on a quantitative basis. However, binding measure- 
ments of a series of amphotericin B derivatives on 
red cells [l l] have shown that polyenes bind to cells 
proportionally to their concentration in the external 
medium. The membrane/water partition coefficients 
measured are not very high and not very dependent 
on temperature. If it is assumed that perimycin A 
and vacidin A behave similarly, it may be concluded 
that for a given total concentration of polyene intro- 
duced in suspensions containing lo7 cells/ml or 10H 
cells/ml, the actual polyene concentration reached 
at the membrane level is only about two times higher 
in the former than in the latter suspension. There- 
fore, the conclusion which can be drawn on the basis 
of the comparison of experiments made at different 
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Fig. 7. pH changes induced by perimycin A (a) and vacidin 
A (b) alone, and in presence of FCCP (2.5 X lo-” M) (c). 
Polyene concentrations as indicated in pM. P: perimycin 

A; V: vacidin A. 

cell concentration remains valid, at least quali- 
tatively. The pH variations induced by perimycin A 
and vacidin A in these conditions are presented in 
Fig. 7a and b, respectively. Upon addition of vacidin 
A, pII increases and the amplitude of this variation 
increases with concentration. At O.O5pM, the pH 
variation is at the limit of significance after 1.5 min, 
although the K+ released after this period cor- 
responds to 50% of the cell content. At 5pM, the 
pH increases by more than 0.5 units in 5 min during 
which 100% of the K+-content of the cell is released. 
It appears that concomitantly to K+-efflux, vacidin 
A promotes a proton influx. However, since protons 
can leak back rather rapidly through the natural 
system of pH equilibration in red cells (121 the proton 
influx measured by the pH variations in the external 
medium is largely under-estimated. As a matter of 
fact, the pH change is transitory and it comes back 
to an equilib~um value, about pH 7.3, after 30 min. 

The pH change induced by perimycin A (Fig. 7a), 
was significant only at the highest concentration used 

(5 yM). However, even the lowest concentration of 
perimycin (0.2 PM) was sufficient to induce K+-per- 
meability although at a slower rate than vacidin A. 
At a concentration of 1 ,uM, after 15 min, 100% of 
intracellular potassium was released into the 
medium. This indicates that perimycin A, unlike 
vacidin A, is not able to promote a significant proton 
influx although it forms an efficient pathway for 
potassium. This is further evidenced in Fig. 7c in 
which the pH changes induced by both vacidin A 
and perimycin A (I FM) in the presence of pro- 
tonophore are presented. Similar, abrupt pH shift 
up to 1 pH unit is observed under the action of both 
antibiotics. The shift is transient and after some time 
pH is coming back to equilibrium value. 

Membrane potential 

On the basis of determinations presented above it 
can be concluded that as far as K+ permeability is 
concerned the differences between vacidin A and 
perimycin A resides mainly in the kinetics of pot- 
assium flux. Since the effect of perimycin A on the 
permeability to proton is much smaller than that of 
vacidin A, the K”-efflux induced by this polyene in 
the absence of protonophore seems to be delayed by 
membrane hyperpolarization. This should not be 
observed for vacidin A which is able to mediate a 
H+/K+ exchange. 

In order to check this hypothesis. the effect of 
perimycin A and vacidin A on the membrane poten- 
tial was measured by Auorescence, using DiS-C1-S 
as a probe [13]. The effect of both polyene antibiotics 
was compared to that induced by valinomycin, a K+- 
selective ionophore. 

The results obtained are in agreement with the 
expectations (Fig. 8). 

Perimycin A (0.1 PM) causes a large hyper- 
polarization which develops within 2 min and is com- 
parable to that induced by vahnomycin (at 2pM). 
Vacidin A. used at the same concentration as peri- 
mycin A, induces a much smaller change in the 
potential. 

DISCUSSION 

The hemolytic activity of perimycin A is about one 
hundred times lower than that of vacidin A. This 
large difference between the two polyenes cannot 
be ascribed to a lower ionophoric efficiency, since 
perimycin A appears practically as efficient as vacidin 
A in inducing K+ permeability. Besides, both poiy- 
enes exhibit a cation over anion selectivity even 
greater than amphotericin B or nystatin [14, 1.51 and 
it may be reasonably assumed that like these two 
non-aromatic polyenes, perimycin A and vacidin A 
do not have any direct effect on the anion transport 
systems of the red blood cells [ 161. The poor hemo- 
lytic activity of perimycin A. as compared to vacidin 
A, appears to be clearly related to its inability to 
induce a proton permeability across the red cell 
membrane, as shown in the present report. It is well 
known that for red cells in which a large cationic 
permeability has been induced and which are sus- 
pended in isotonic (chloride) medium, the limiting 
factor of the rate of the net flux of salt which produces 
volume changes is the chloride permeability: the 
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Fig. 8. Fluorescence tracing from 2 x lo-’ Dis-C,-5. Ordinate: 100% fluorescent dye alone in isoosmotic 
choline chloride. RISC: addition of 10’ cells/ml. Val: addition of valinomycin @PM); P: addition of 

perimycin f&l pMf. V: addition of vacidin A (0.1 ,uM); C: control. 

elecirogenic movement of chloride is very slow. This 
has been shown in particular by experiments carried 
out with the K’selective carrier vaI~nomycin 
[lo, 13,17] which is not able by itself to promote 
volume change and hemolysis, but does so rapidly 
in the presence of protonophore such as FCCP. 
The same mechanism can account for the difference 
between the hemolytic activities of perimycin A and 
vacidin A. Like valinomycin, perimycin A induces a 
large permeability to K’ but not to WC. Thus the 
rate of volume change, which eventually leads to 
hemolysis in isotonic KCI medium, is determined by 
the conducting flux of Cl-, which is very slow in 
spite of the strang membrane hyperpolarization. The 
addition of FCCP allows an electroneutral W/K+ 
exchange to occur. This promotes an intracellular pH 
mod~~cation which switches on the Iacobs-Steward 
cycle and the very fast HCO;.-,&I- exchange trans- 
port system. This system permits a rapid flux of Cll 
following the K+, whereas the pH variation is limited 
by a rapid recirculation of proton and bicarbonate 
by the very efficient physiological system. At vari- 
ance with perimycin A, vacidin A is able to perform 
the H+,/K+ electroneutral exchange and thus to pro- 
mote rapid volume changes. Nonetheless, the pro- 
tonophoric efficiency of vacidin A is lower than that 
of FCCP, since this protonophore increases the vol- 
ume change rate significantly” 

In a previous report 181, it has been shown that 
the hemolytic activity of aromatic heptanes was the 
result of their ability to increase specifically the per- 
meability of the red ceh membranes to cation and 
not to a generalized membrane disorganization 
(detergent-like effect). Moreover, it was proposed 
that the hemolytic activity depends on the presence 
on the macrolide ring of these polyenes of a free, 
ionizable carboxyl group in the Cis position, like 

in vacidin A+ The present data fully support this 
hypothesis, but also permit to ascribe to this Cis 
carboxyl group the ability of the polyene to induce 
proton permeability. The carboxyl group is nnnecess- 
ary for K” permeability induction. Low hemolytic 
activity was exhibited by methyl-esters of vacidin A 
and others aromatic heptaenes [2,8]. The decrease 
of hemolytic activity was not observed on a series 
of amphotericin I3 derivatives substituted on the 
carboxyl group [B]. 

On the other hand. it has been shown by a “P- 
NMR study [ 191 of aromatic and non aromatic hep- 
taenes on lipid vesicles, that the Cl8 carboxyl group 
determines the type of permeability the heptaenes 
induce. In cholesterol-containing membrane, vacidin 
A and amphotericin B induce a ionic-permeability 
of the “channel” type, comparable to gramicidi~ D, 
whereas perimycin A induces a permeability of the 
“mobile carrier” type, comparable to valinomycin. 
Therefore, the C,, carboxyl group determines appar- 
ently the structure of the ionic pathway created by 
polyenes in membrane. In contrast all these hep- 
taenes induce channel-type permeability in erg- 
osterol-containing membranes. The question of the 
relationship between the structure of the pathway 
and its intercationic selectivity, especially regarding 
protons, as well as the role of carboxyl group for 
ergosteJol/cholesterol discrimination are under 
study. 

Concerning the biological effects of polyene 
macrolides, it can be considered that the toxicity of 
a K+/H+ exchanger may be very different from that 
of a cation selective ionophore such as vahnomycin. 
Low permeability to proton is very important for the 
hemolytic effect, but this result on red cells cannot 
be simply generalized on other cell types. In par- 
ticular, one of the most detrimental effect of poly- 
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enes, besides hemolytic anemia, is nephrotoxicity 
[ZO, 211. 

The disturbances of these two t,ypes of antibiotics 
on kidney cells specialized in ion transport, and for 
which pH djse~n~~jbrj~m is ~ote~lt~a~~~ very impor- 
tant, remain to be investigated. 
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