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An osmotic method has been used to study the effect of the polyene antibiotics amphotericin B, nystatin and
candicidin on the water permeability of plasma membranes prepared from Leishmania sp. The effect of
amphotericin B on the permeability of Leishmania membranes to a salt such as potassium nitrate was also
investigated. A non-linear and saturable enhancement of water and salt permeability was measured with
increasing polyene concentrations, which could be adjusted to Hill cooperativity equation. The antibiotic
concentrations that induce at 30°C half-maximal effects on the water permeability of Leishmania vesicles
were 0.021 uM for candicidin, 0.21 yM for amphotericin B and 1.4 pM for nystatin. At 30°C, the
concentration of amphotericin B required to induce half of the maximal effect on the permeability of
Leishmania vesicles to potassium nitrate was 1.8 uM. The temperature dependence for amphotericin B,
nystatin and candicidin enhancement of the water permeability of Leishmania vesicles was determined by
using Q,, data at 20 and 30°C. The estimated activation energies at increasing polyene concentrations
display the same general pattern for all three polyene antibiotics investigated, that is, a maximal positive
value at about the polyene concentrations required for half-maximal effect. The significance of these results

for understanding the mechanism of action of polyene antibiotics on natural membranes is discussed.

Introduction

Most of the current ideas about the nature of
the structures responsible of the permeability
changes induced by polyene antibiotics such as
amphotericin B or nystatin in the plasma mem-
brane of sensitive organisms (for a review, see
Refs. 1-3) have been derived from studies of
polyene effects on the permeability of artificial
lipid membranes to ions [4-6] water and small
non-electrolytes [7,8] which indicated that ad-
dition of amphotericin B or nystatin to both sides
of sterol-containing black lipid membranes led to
the formation of aqueous pores of about 8 A in
diameter [9,10].

Since amphotericin B and all polyene antibio-

tics exert its biological effects on membrane per-
meability from only one side, there has been inter-
est to investigate this type of action by using other
lipid membrane model systems [11-13]). Marty
and Finkelstein {11] by using planar lipid bilayers
prepared without solvent, found that the con-
centration range of nystatin and amphotericin B
that was required to produce a one-sided increase
of membrane conductance was greater than that
required for the two-sided effect. Van Hoogevest
and De Kruijff [13] observed that the magnitude
of the potassium leakage induced by amphotericin
B across liposomes was smaller when added uni-
laterally to the external solution than that ob-
tained by incorporating the antibiotic to the lipid
phase before the liposomes were formed.
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The changes of permeability induced by one-
sided addition of amphotericin B to water, urea
and salts across liposomes have also been mea-
sured by using a rapid mixing osmotic method
[14]. This study has revealed that the structures
formed rapidly by one-sided addition of ampho-
tericin B to liposomes behaved more like ionic
channels than to the aqueous channels known to
be formed by two-sided addition of the antibiotic
to black lipid membranes. Recently, it was pro-
posed that amphotericin B may form both types
of channels in ergosterol-containing liposomes, de-
pending on antibiotic concentration and time
elapsed after mixing [15).

The aim of the present work was to investigate
the effect of one-sided addition of various polyene
antibiotics on the osmotic water permeability of
Leishmania sp., a polyene sensitive organism [2],
which is the causative agent of leishmaniasis, a
tropical disease second in importance only to
malaria. The presence of ergosterol in the cyto-
plasmic membrane of Leishmania [16] make these
organisms sensitive to the action of polyene anti-
biotics. For this purpose, we have prepared vesicles
from the plasma membrane of Leishmania sp.,
suitable for osmotic experiments.

Materials and Methods

Preparation of Leishmania membrane vesicles.
Leishmania sp. strain NR was cultured in a mod-
ified LIT medium as previously described [17].
1.2-liter cultures were harvested after seven days,
when the cells had reached late-logarithmic phase
(approx. 7 - 107 cells /ml) by centrifugation at 1000
X g for 10 min at 4°C. The cells were then
washed twice with 75 mM Tris-HCl at pH 7.6
containing 140 mM NaCl and 11 mM KCI (buffer
A) and once with an hyperosmotic solution con-
taining 400 mM mannitol, 10 mM KCl, 3 mM
magnesium acetate and 10 mM Hepes and pH 7.6
(buffer B). After washing the cells with buffer B,
the ice-cold pellet of cells were mixed in a mortar
on ice with glass beads of 75-150 uM (Sigma
Chemical Co.) in a 4:1 ratio. The mixture was
ground by gentle rotation for 5-10 min, the pro-
gressive rupture of cells being monitored by using
a phase contrast microscope. This procedure was
stopped when no more than 2-3 intact cells per

field could be seen at the microscope. After grind-
ing, 25 ml of buffer B was added and the suspen-
sion was then centrifuged at 1000 X g for 10 min
to remove glass beads and unruptured cells. The
supernatant from this centrifugation was centri-
fuged at 5000 X g for 20 min and the supernatant
from this was further centrifuged at 16000 X g for
40 min. Finally, a microsomal fraction was ob-
tained from the last supernatant by centrifugation
at 40000 X g for 50 min. This fraction was resus-
pended in small aliquots (0.2-0.5 ml) of buffer B
prepared without mannitol and frozen im-
mediately in liquid nitrogen. These frozen vesicles
were stored at —70°C until use.

Purification of the microsomal fraction. Purifi-
cation of the microsomal fraction was performed
in a continuous density gradient of 18% Percoll
prepared in 0.25 M sucrose and 10 mM Tris-HCI
at pH 7.4. For this purpose, 2 ml of buffer B
prepared without mannitol were added to the mi-
crosomal fraction and layered on top of the Per-
coll solution. The density gradient of Percoll was
autoformed by centrifugation of this preparation
at 40000 X g for 1 h. After centrifugation, two
layers of material were observed at 1.036 g/ml
and 1.10 g/ml. The 1.036 band correspond to
purified plasma membranes. This band was fur-
ther characterized by electron microscopy and en-
zymatic analysis after washing of Percoll by
centrifugation at 105000 X g for 1 h.

Electron microscopy. Pellets of Percoll-purified
membranes obtained by centrifugation were fixed
in 3% glutaraldehyde in buffer A (see above) and
postfixed in 1% OsO,. The fixed pellets were
washed with the buffer and dehydrated with a
graded series of ethanol solutions. Final dehydra-
tion and removal of the ethanol was accomplished
by use of propylene oxide. The pellets were em-
bedded in EPON and thin sections were stained in
sequence with 1% lead citrate and 1% uranyl
acetate and were examined with a Hitachi H-500
electron microscope.

Enzyme analysis. 3¥- and 5’-nucleotidase were
assayed by incubating 0.2 ml of microsomal frac-
tion or Percoll-purified membranes with 0.7 ml
buffer A and 0.1 ml 3'-AMP or 5'-AMP (50 mM)
for 2 h at 37°C under constant stirring. The
reaction was terminated by adding cold 20% tri-
chloroacetic acid (1 ml). After centrifugation of



this suspension phosphate was determined in the
supernatant by the method of Fiske and Sub-
baRow [18].

Acid phosphatase was measured by the release
of p-nitrophenol from p-nitrophenyl phosphate in
the presence of acetate buffer (pH 5) following the
procedure of Gottlieb and Dwyer [19].

Succinate-cytochrome C oxidoreductase was
assayed according to Sottocasa et al. [20].

Extraction of lipids. The microsomal fraction (2
mg/ml) was washed twice with bidistilled water
by centrifugation at 40000 X g for 1 h. The result-
ing pellet was resuspended in 2 ml of water and
lyophilized for 12-18 h. The dried product was
extracted in chloroform/methanol (2:1, v/v) and
then filtered through Whatman paper No. 2.
Organic solvents were evaporated in a rotary
evaporator and the thin lipid film formed sus-
pended in chloroform. Phosphates were de-
termined by the method of Ames and Dubin [21]
and ergosterol by the method of Stadtman [22].

Chemical analysis. Proteins were estimated by
the method of Lowry et al. [23] with bovine serum
albumin as standard.

Osmotic measurements. Osmotic volume changes
of Leishmania membrane vesicles were followed
by measuring the 90° light scattering intensity at
450 nm, in a Durrum stopped-flow spectropho-
tometer (D-110) as described previously [24]. It
was found convenient to use the 4:1 ratio drive
syringe, that permits one volume of vesicles to be
mixed with four volumes of an hyperosmotic glu-
cose solution prepared in the same buffer in which
vesicles were finally suspended (buffer B without
mannitol). In all experiments Leishmania vesicles
were diluted to a protein concentration of 1.2
mg,/ml before mixing.

To study the polyene-induced changes of the
osmotic water permeability of Leishmania vesicles
the maximal rates of initial light scattering in-
tensity changes (d//d¢)  were measured from the
slopes recorded 50 to 100 ms after mixing, due to
the presence of an injection artefact. For this
purpose, vesicles were mixed with a 500 mM glu-
cose solution prepared in buffer B but without
mannitol. Before mixing, amphotericin B, nystatin
or candicidin dissolved in dimethylformamide were
added in microliter amounts to the glucose-con-
taining solution maintained at a constant tempera-
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ture. In all cases the organic solvent final con-
centration was less than 0.5% by volume. Control
experiments indicated that at this concentration
dimethylformamide had no effect on light scatter-
ing changes. The polyene concentrations were ex-
pressed as uM, calculated using the molecular
weights of the pure compounds [25].

The effect of amphotericin B on the permeabil-
ity to KNO, of Leishmania vesicles was measured
by using the ‘maximum slope’ method as de-
scribed previously [24]. All measurements were
done with water continuously circulating through
the drive syringes and mixing cuvette at constant
temperature (20 and 30°C).

Results

Characterization of Leishmania membrane vesicles

We have prepared a subcellular fraction from
Leishmania sp. promastigotes which has en-
zymatic characteristics of plasma membranes.
Gottlieb et al. [19] have proposed to consider acid
phosphatases as marker enzymes of the plasma
membranes of Leishmania, since cytochemical
studies of isolated membranes of this organism
have shown that this enzyme was confined to the
external face of the membrane. The data pre-
sented in Table I indicate a 4-fold enrichment of
the specific activity of acid phosphatases in the
Percoll-purified membrane fraction, a value which

TABLE 1

MARKER ENZYME DISTRIBUTION DURING PURIFI-
CATION OF PLASMA MEMBRANE VESICLES FROM
LEISHMANIA sp.

S.A., specific activity (nmol/min per mg protein). The number
in parenthesis represents the relative enzyme activity with
respect to the homogenate. n.d.,, not detectable. H, homo-
genate; MF, microsomal fraction; PP, percoll-purified mem-
brane fraction; M, mitochondria.

Acid 3-Nucleo- 5’-Nucleo- Succinate-
phosphatase tidase tidase cytochrome ¢
oxido-
reductase
H 38.7(1) 61.2(1) 1.8(1) 15.8(1)
MF  95.2(2.5) 129.8(2.1) 1.8(1) 2.6(0.16)
PP 147.3(3.8) 215.6(3.5) 2.3(1.3) n.d.
M 87.0(5.5)
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1s comparable to the 5-fold increase reported by
Gottlieb and Dwyer [19] for a sucrose-gradient
purified membrane fraction of Leishmania
donovani. The specific activities of 3’- and 5'-
nucleotidases in the crude (2.1) and purified (3.5)
Leishmania membrane fraction (Table I) are also
comparable to that obtained for Leishmania
donovani [26), including the absence of enrichment
of 5-nucleotidase. On the other hand, succinate-
cytochrome C oxidoreductase activity, an indica-
tion of mitochondrial contamination, was very
small in the non-purified membrane fraction and
no activity was detected in the Percoll-purified
membrane fraction (Table I).

The purity of the Leishmania vesicles after and
before the Percoll step was also assessed by fine-
structure electron microscopic examination (Fig.
1). The majority of the vesicles appeared spherical
with an average diameter of 0.24 + 0.11 pm.

The sterol composition of the membrane
vesicles isolated by the present method from
Leishmania sp. was quantitated on the basis of

phospholipid and protein content (see Methods).
The ergosterol to phospholipid molar ratio was
0.27 whereas the phospholipid to protein ratio was
calculated to be 0.18 pmol of phospholipid /mg
protein.

Osmotic behaviour of Leishmania membrane vesicles

After mixing of Leishmania vesicles with an
hyperosmotic glucose solution a rapid increase of
light scattering intensity at 90° was observed (in-
set to Fig. 2). The initial increase in ligh scattering
corresponds to the shrinkage of vesicles due to the
efflux of water from the vesicles. It has been
previously calculated by Latimer and Pyle [27]
that as small particles shrink, 90° scattering in-
creases. This theoretical prediction agrees qualita-
tively with the present behaviour of Leishmania
vesicles and the observed behaviour of liposomes
[15].

In Fig. 2 the reciprocal of the maximum extents
of shrinkage exhibited by Leishmania vesicles after
mixing with increasing glucose concentrations are

Fig. 1. Electron micrograph of thin section of the Leishmania vesicles. Plasma membranes isolated by Percoll-gradient were
concentrated to a pellet by centrifugation, fixed and sliced (see Methods). Vesicles diameter range from 0.13 to 0.35 pm.
Magnification X 45 000.
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Fig. 2. Relationship between reciprocal of the 90° light scatter-
ing intensity changes at equilibrium (1/41.,) of Leishmania
vesicles and reciprocal of glucose concentration (mM™1), In-
set: time-course of the changes of light scattering after rapid

mixing of Leishmania vesicles with an hyperosmotic glucose
solution (500 mM).

plotted vs. the inverse of glucose concentration.
As predicted by the Boyle- Van’t Hoff equation an
ideal osmotic behaviour was observed. The devia-
tion from linearity that can be observed at glucose
concentrations higher than 800 mM, are not unex-
pected since glucose was slightly permeable
through Leishmania vesicles.

The effect of amphotericin B on the permeability of
Leishmania membrane vesicles to potassium nitrate

One of the results of the action of polyene
antibiotics such as amphotericin B and nystatin on
sensitive organisms is a decrease in intracellular
potassium ions. It follows that it is of some impor-
tance to investigate the sensitivity of the mem-
brane vesicles prepared by the present method to
this type of effect. This was done by measuring
the effect of increasing concentrations of ampho-
tericin B on the permeability of potassium nitrate
across Percoll-purified and non-purified vesicles
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Fig. 3. The effect of amphotericin B on the KNO, permeability
across Leishmania vesicles before and after Percoll purifica-
tion. Leishmania vesicles (1.2 pg/ml) suspended in buffer B
without mannitol (see Methods) were rapidly mixed (1:4,
volume ratios) with an hyperosmotic KNO; solution (600
mosM) containing amphotericin B at increasing concentra-
tions. Ordinate: rate of change of swelling after the maximum
shrinkage (dV/dt¢ (in mV /s). Absissa: amphotericin B con-
centration (in pM). All experimental values shown are an
average of at least five determinations. The maximal standard
deviation was less than the size of the symbols . Temperature
30°C.

(microsomal fraction, see Methods).

It can be seen in Fig. 3 that both membrane
fractions exhibited a similar response to increasing
amphotericin B concentrations. Thus, at con-
centrations of amphotericin B higher than about
0.2 uM, a non-linear increase of salt permeability
could be measured. The sigmoid curves (continu-
ous lines in Fig. 3) were traced in both cases by
fitting experimental points to the equation of Hill.
The values calculated for the cooperativity order n
were n=23 (r=099) for purified membrane
vesicles and n=1.8 (r=0.99) for non-purified
membrane vesicles. It was calculated that half of
the maximal effects of amphotericin B on KNO,
permeability of non-purified and purified vesicles
were obtained at concentrations (C, ) of 1.8 pM
and 1.9 uM, respectively.

The effect of polyene antibiotics on osmotic water
permeability of Leishmania vesicles

In the light of the results described in the last
section indicating that no significative differences
arise between the osmotic salt permeability of
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non-purified and purified membrane vesicles and,
since for osmotic experiments relatively large
amounts of material were needed, in all the fol-
lowing experiments non-purified Leishmania
vesicles were used.

Fig. 4 illustrates the effect of increasing con-
centrations of amphotericin B, nystatin and
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Fig. 4. The effect of increasing concentrations of different
polyene antibiotics on the water permeability of Leishmania
vesicles at 20 and 30°C. Ordinate: Initial changes of 90° light
scattering intensity changes. Absissa: polyene antibiotic con-
centration {(pM). (A) Amphotericin B, (B) nystatin, (C)
candicidin. Vesicles (1.2 mg protein /ml) suspended in buffer B
without mannitol (see Methods) were rapidly mixed (1:4,
volume ratios) with a 500 mosM glucose solution containing
polyene antibiotic at increasing concentrations. In all experi-
ments, the final (after mixing) lipid concentration was about
0.05 pmol/ml (0.24 mg protein/ml). Plotted values are the
means of at least eight determinations at each concentration.
The maximal standard deviation was +0.1 mV/ms. Insets:
Effect of increasing polyene antibiotic concentration on the
total activation energies for osmotic water permeability of
Leishmania vesicles. Plotted values were estimated from Q,,
data at 20 and 30°C (in kcal/mol). Abscissa: polyene con-
centration (in pM).

candicidin on the initial light scattering changes
exhibited by Leishmania vesicles after mixing with
hyperosmotic glucose solutions (see Methods). In
this figure, measurements at two temperatures 20
and 30°C are shown for all polyene antibiotics
tested.

It can be observed in Fig. 4 that amphotericin
B (Fig. 4A), nystatin (Fig. 4B) and candicidin
(Fig. 4C) induced a nonlinear, cooperative en-
hancement of water permeability but at different



TABLE I1

COOPERATIVITY NUMBERS (n) AND HALF-MAXI-
MAL CONCENTRATIONS (C;,,) FOR POLYENE-IN-
DUCED WATER PERMEABILITIES ACROSS LEISH-
MANIA VESICLES

n values and C, ,, were calculated by using the Hill’s equation.

Antibiotic n (mean +S.D.) Cy 2 (pM)

20°C 30°C 20°C  30°C

Amphotericin B 2.8+03 45303 032 0.21
Nystatin 3502 26405 20 1.4
Candicidin 34407 48108 0.031 0.021

polyene concentration ranges. The experimental
points were fitted in all cases to the equation of
Hill.

The polyene concentrations C, ,, required for
half-maximal increase of water permeability were
calculated from the fitted curves (Table II). At 20
and 30°C, C, , values were 0.031 uM and 0.021
pM for candicidin, 0.32 pM and 0.21 pM for
amphotericin B and 2.0 and 1.4 uM for nystatin,
respectively. It can seen in Table II that the coop-
erativity order n values range from about 3 to 5
for the three antibiotics investigated.

The experimental data presented in Fig. 4 also
indicate that the osmotic water permeabilities of
Leishmania vesicles treated with the differential
polyene antibiotics increased with a rise of tem-
perature at all polyene concentrations tested. From
the corresponding Q,, values, activation energies
for water permeation across polyene-treated
Leishmania vesicles were estimated (insets to Fig.
4). The estimated E, values for water permeation
across un-treated vesicles (8.6 + 2 kcal /mol) are
very similar to that measured for water permea-
tion across closed lipid vesicles [28].

The results shown in the insets of Fig. 4 are
replotted in Fig. 5 as follows: for each polyene
concentration and temperature, initial light scat-
tering changes from control vesicles have been
sustracted from the initial light scattering changes
from polyene-treated liposomes and using average
data of at least two separate experiments, the
contributions to the total water activation energies
of the presence of polyene molecules at increasing
concentrations were calculated. It can be seen in

63

301

20

AE (Kcal/mole}

L ) PR W
0 ol 0.2 03 04 05 06 X3 08
[Polyene Antibiotic] uM

Fig. 5. Activation energies (in kcal /mol) for polyene-induced
water permeation across Leishmania vesicles estimated from
Qo data at 20 and 30°C. At each temperature, polyene-in-
duced water permeabilities were calculated by substracting the
initial slopes shown by control vesicles exposed to hypertonic
glucose solutions without drug—from the corresponding initial
slopes from polyene-treated vesicles. Plotted values are the
means of two separate experiments each done with at least
eight determinations at each polyene concentration. The maxi-
mal standard deviation was about +10 kcal/mol. O, ampho-
tericin B (X1 pM); @, nystatin (X 107! uM); X, candicidin
(X 10 pM).

Fig. 5 that such calculations, yield a maximal
positive value of about 25-30 kcal/mol, at ap-
proximately the polyene concentrations at which
half of the maximal effects on water permeability
were measured.

Discussion

The osmotic measurements carried out in the
present work show clearly that rapid mixing of
Leishmania vesicles with hyperosmotic glucose
solutions containing amphotericin B, nystatin or
candicidin at increasing concentrations, led to a
non-linear, saturable enhancement of the water
permeability of such vesicles. The overall magni-
tude of the measured changes of water permeabil-
ity are small when compared with the 20-fold
increments induced by two-sided addition of
nystatin or amphotericin B to black lipid mem-
branes [7,8]. However, the observed polyene-in-
duced maximal enhancement of about 2-fold in
the water permeability of Leishmania vesicles is
similar to that found before after one-sided ad-
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dition of amphotericin B to ergosterol-containing
liposomes, at similar polyene concentrations and
temperature [14].

The measured changes of water permeability
with increasing polyene concentrations (Figs. 4A,
4B, and 4C), were fitted to a sigmoid curve by
using the equation of Hill and the corresponding
n values and polyene concentrations required for
half maximal effect were thus calculated. For all
the polyene-induced water permeability n range
from about 3 to 5 (Table II), suggesting a common
mechanism underlying such changes.

Concerning such a mechanism, it is important
to note that the measured changes of water per-
meability of Leishmania vesicles occurred in a
narrow polyene concentration range. Thus, most
of the amphotericin B-induced enhancement of
water permeability occurred between 0.2 to 0.4
pM (Fig. 4A); beyond about 0.5 uM amphotericin
B, no further increment could be demonstrated.
By contrast, the onset of the ion permeability
induced by amphotericin B across Leishmania
vesicles (Fig. 3) occurred at concentrations very
near the amphotericin B concentration at which
half of the maximal effect on water permeability
was measured (Table II) and extends up to
amphotericin B concentrations as high as 3.2 uM
(Fig. 3). On the other hand, the fitting of the
amphotericin B-induced changes by using the
equation of Hill yields » values of about 2 (see
Results). Such » values are about half of those
calculated for the corresponding amphotericin B-
induced water permeability changes (Table II),
eventhough the overall magnitude of the changes
induced by amphotericin B in the permeability of
Leishmania vesicles to potassium nitrate was about
2-3-fold greater than those measured for osmotic
water permeability (compare the ordinate scales of
Fig. 3 and Fig. 4A).

These observations can be taken as a clear
indication that water and ionic enhancement of
membrane permeability by a polyene antibiotic
such as amphotericin B, under our experimental
conditions, are two distinct physical phenomena.
In this sense, it is suggested that the relatively
modest osmotic water permeability enhancement
exerted by the polyene antibiotics investigated
across Leishmania vesicles may partly originate
from a disturbance of the membrane permeability

TABLE III

ANTIFUGAL AND ANTIPROTOZOAL ACTIVITY
RANGE OF POLYENE ANTIBIOTICS

Antibiotic Minimium inhibitory concentrations (u M)
Candida  Saccharomyces Leishmania sp.
albicans * cerevisiae ® promastigotes °
Amphotericin B 0.54 0.27 012 (0.21)°¢
Nystatin 33 3.24 1.76 (1.2)
Candicidin 0.033 0.016 0.006 (0.021)

* Taken from Refs. 2, 32 and 33.

® Taken from Ref. 34.

© The values in parenthesis correspond to half-maximal values
(C,,;) of polyene-induced water permeabilities across
Leishmania vesicles at 30°C (see Table II).

produced by the insertion of polyene molecules
into the membrane phase, previous to the forma-
tion of the ionic channels, responsible of the
potassium permeability.

The basic support of this interpretation is the
fact that Leishmania vesicles maintained its full
osmotic response in all the amphotericin B con-
centration range where the potassium permeability
is expressed (Fig. 3), thus indicating that the ionic
pathways created by the polyene molecules in the
membrane are not simple aqueous channels.

The finding that the osmotic water permeability
changes induced by low concentrations of ampho-
tericin B, nystatin or candicidin display a positive
temperature dependence (insets to Fig. 4) con-
trasts with the negative temperature dependence
reported for polyene-induced membrane permea-
bility alterations under other experimental condi-
tions [5,29-31]. Such a positive temperature
dependence may correspond to the energy required
for polyene molecules for insertion into the mem-
brane barrier. A similar positive temperature
dependence of amphotericin B-induced water per-
meability changes has been observed in ergos-
terol-containing liposomes [14] but no explanation
was given.

Finally, the relevance of the water and ionic
permeability changes reported here for under-
standing the mechanism of action of polyene anti-
biotics on biological membranes is indicated by
the fact that the concentrations of amphotericin B,
nystatin and candicidin, exerting half of the maxi-
mal effect of osmotic water permeability of



Leishmania vesicles, do show a correlation with
the minimal concentrations of such antibiotics
required to inhibit growth of Leishmania pro-
mastigotes in vitro [34] and of other sensitive
organisms (Table III).

Acknowledgement

This work was supported partly by grant No.

S1-1368 from CONICIT-Venezuela to B.E.C.

References

w N

w

10

11

12

Norman, A.W., Spielvogel, A.M. and Wong, R.G. (1976)
Adv. Lipid Res. 14, 127-170

Hammond, S.M. (1977) Prog. Med. Chem. 14, 105-179
Medoff, G., Brajtburg, J., Kobayashi, G.S. and Bolard, J.
(1983) Annu. Rev. Pharmacol. Toxicol. 23, 303-330
Andreoli, T.E. and Monaham, M. (1968) J. Gen. Physiol.
52, 300-356

Cass, A., Finkelstein, A. and Krespi, V. (1970) J. Gen.
Physiol. 56, 100-124

Ermishkin, L.N., Kasumov, Kh.M. and Potseluyev, V.M.
(1977) Biochim. Biophys. Acta 553, 450-459

Andreoli, T.E., Dennis, V.W. and Weigl, A M. (1969) J.
Gen. Physiol. 53, 133-156

Holz, R. and Finkelstein, A. (1970) J. Gen. Physiol. 56,
125-145

Finkelstein, A. and Holz, R. (1973) in Membranes (Eisen-
man, G., ed.), Vol. 2, pp. 377-408, Marcel Decker, New
York

De Kruijff, B. and Demel, R.A. (1974) Biochim. Biophys.
Acta 339, 57-70

Marty, A. and Finkelstein, A. (1975) J. Gen. Physiol. 65,
515-526

De Kruijff, B., Gerritsen, W.J., Oerlemans, A., Demel, R.A.
and Van Deenen, L.L.M. (1974) Biochim. Biophys. Acta
339, 30-43

13

14

15
16

17

18

19

20

21

22
23

24
25
26
27
28
29
30

3

—

32

33

34

65

Van Hoogevest, P. and De Kruijff, B. (1978) Biochim.
Biophys. Acta 511, 397-407

Cohen, B.E. (1983) in Liposome Letters (Bangham, A.D.,
ed.), pp. 127-135, Academic Press, London

Cohen, B.E (1986) Biochim. Biophys. Acta 857, 117-122
Beach, D.H. Holz, G.G. and Anekwe, G.E. (1979) J.
Parasitol 65, 203-216

Bonay, P. and Cohen, B.E. (1983) Biochim. Biophys. Acta
731, 222-228

Fiske, C.H. and SubbaRow, Y. (1925) J. Biol. Chem. 66,
375-379

Gottlieb, M. and Dwyer, D.M. (1981) Experimental Para-
sitology 52, 117-128

Sottocasa, G., Kuylenstierna, B, Ernster, L. and Bergetrand,
A. (1967) J. Cell Biol. 32, 415-438

Ames, B.N. and Dubin, D.I. (1956) Anal. Chem. 28,
1758-1759

Stadtman, J. (1957) Methods Enzymol. 3, 392-393

Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall,
R.J. (1951) J. Biol. Chem. 193, 265-275

Cohen, B.E. (1982) J. Membrane Biol. 68, 79-88
Hamilton-Miller, J.M.T. (1973) Bacteriol. Rev. 37, 166-196
Gottlieb, M. and Dwyer, D.M. (1981) in The Biochemistry
of Parasites (Slutzky. G., ed.), Pergamon Press, Oxford
Latimer, P. and Pyle, B.E. (1972) Biophys. J. 12 764-773
Cohen, B.E. (1975) J. Membrane Biol. 20, 205-234

De Kruijff, B., Gerritsen, W.J., Van Dijck, P.W.M., Demel,
R.A. and Van Deenen, L.L.M. (1974) Biochim. Biophys.
Acta, 339, 44-56

Singer, M.A. (1975) Can. J. Physiol. Pharmacol. 53,
1072-1079

Deuticke, B., Kim, M. and Zollner C. (1973) Biochim.
Biophys. Acta 318, 345-359

Kobayashi, G.S. and Medoff, G. (1977) Annu. Rev. Mi-
crobiol. 33, 291-308

Mechlinski, W. and Schaffner, C.P. (1972) J. Antibiot. 25,
256-258

Urbina, J.A. (1985) in Leishmaniasis (Hernandez, A.G.
ed.), Ediciones CONICIT, Caracas



