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The investigations described introduce a new role for a natural product such as amphotericin B as a potential biophysical reporter group to
probe the physical state of a membrane. Specifically, we demonstrated that the K + efflux pattern reveals an interesting sterol dependence.
This is suggested to be correlated to the physical state of the membrane showing high efflux in a vesicle membrane of intermediate fluidity.

Over the last 50 years, the antimycotic agent amphotericin and fungal cells. KotlerBrajtburg et al. suggested that this
B (1) has been the subject of thousands of research papers.s due to the different sterols present in the two membranes:
Although many findings remain contradictory, it is generally ergosterol in yeast and cholesterol in mammalian éells.
agreed that amphotericin B induces leakage of small However, it is not clear if this effect is caused by the
electrolytes from yeast cells. This may not be the only cause preferential formation of a complex of amphotericin B with
of cell death, and, in fact, there may be several parallel ergosterol over cholesterol or if the observed effects result

mechanisms of action for amphotericin?Bt is generally

from differential preorganization of membranes by the two

accepted that the molecule differentiates between mammaliarsterols a priorit
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We have recently reported an improved assay allowing
fast on-line measurements of kefflux from 100 nm large
unilamellar POPC (1-palmitoyl-2-oleogh-glycero-3-phos-
phocholine) vesicles prepared by the extrusion technique
(LUVET 100).° In this communication we fully exploit this
vesicle assay and report on the interaction of amphotericin
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The vesicles were prepared from POPC with admixed ergosterol (2) A-D and cholesterol (4) E-H (5, 13, 20, 30 mol% from left to right). The
concentrations of amphotericin B afler external addition (as DMSO solution) to the stirred vesicle solution were: high concentration (h): 10 uM (black),

medium concentration (m): 1 uM (red), low concentration (I): 0.1 uM (blue). The green line depicts the lack of K+-release after addition of 32 pL of pure
DMSO (the amount in which amphotericin B was added). The total concentration of lipids (POPC + sterol) was | mM in 5 mM HEPES buffer at pH = 7.4.

Figure 1. K*-release from LUVETy, after external addition of amphotericin B)(

B with liposomes containing different sterols (cholestedl (  state of the membrane, showing high efflux in a membrane
ergosterol 2), 7-dehydrocholesteroB], dihydrocholesterol  of intermediate fluidity. The investigations introduce a hew
(5)) at different concentrations (5, 13, 20, 30 mol %) (Chart role for a natural product such as amphotericin B as a
1). We find that at amphotericin B concentrations above the biophysical reporter group to probe the physical state of a
critical association constant (@M),® immediate full K vesicle membrane.

release is induced regardless of the sterol composition of A series of POPC LUVETy was prepared containing
the POPC vesicle. The Kefflux pattern of monomeric  different amounts of various sterols (Figures 1 and 2).
amphotericin B, however, reveals an interesting sterol Ergosterol ), 7-dehydrocholesteroB], cholesterol4), and
dependence, which we suggest is correlated to the physicadihydrocholesterolg) (Chart 1) were chosen, as they retain
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The vesicles were prepared from POPC with admixed 7-dehydrocholesterol (3) A-D and dihydrocholesterol (5) E-H (3, 13, 20, 30 mol% from left to
right). The concentrations of amphotericin B after external addition (as DM SO solution) to the stirred vesicle suspensions were: high concentration (h):
10 uM (black), medium concentration (m): 1 pM (red), low concentration (1): 0.1 uM (blue). The green line depicts the lack of K+-release after
addition of 32 pL of pure DMSO (the amount in which amphotericin B was added). The total concentration of lipids (POPC + sterol) was | mM in 5
mM HEPES buffer at pH = 7.4.

Figure 2. K*-release from LUVETy, after external addition of amphotericin B)(
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s A different picture emerges when monomeric amphotericin

Chart 1 B is added to the vesicle suspension (Figure-1l). In

this case, the kinetics of Krelease depends on the type of
sterol and the sterol concentration in the vesicle membrane.
At low sterol content (5 mol %, Figure 1Al, El) the™K
release from the vesicles containing ergosterol was much
faster than from cholesterol-containing liposomes. This
observation highlights that amphotericin B is able to dif-
ferentiate between ergosterol- and cholesterol-containing
membrane vesicles only as its monomer and is consistent
with previous reports concerning differentiation between
mammalian and fungal cells.

We proceeded to employ amphotericin as a potential probe
the 3p-hydroxy group and side-chain at Cllalbeit for the physical state of the membrane. Amphotericin B
displaying various degrees of unsaturation. The vesicles weremonomers appear to interact more readily with ordered
prepared from a thin film of the lipids in the presence of membrane phasédSince cholesterol is more effective at
KCI.5 Following dialysis against a NaCl solution, an ion- increasing order and restricting the mobility of POPC than
gradient was established with*Kons inside and Naions ergosterol, one would expect a higher degree tfr&lease
outside of the vesicles. A Kselective electrode (valinomy- ~ from cholesterol-containing vesiclésHowever, the data
cin) was immersed into the vesicle suspension. Addition of show a decrease in"Kefflux when compared to the case of
amphotericin B induced a Kefflux from the vesicles, which  ergosterol (Figure 1Al vs 1El; 1Bl vs 1FI; 1Cl vs 1Gl; 1Dl
could be conveniently measured via potentiometry at room Vs 1HI). The observed diminution in "Kefflux strongly
temperaturé After destruction of the vesicles by adding the implicates an upper limit in membrane ordering beyond
detergent sodium cholate, the total amount of the initially which amphotericin B is no longer capable of inserting into
trapped K was calculated. Each measurement was repeatedhe membrane. Specifically, this suggests that amphotericin
at least two time$. B may instead prefer an intermediate membrane phase

We started our investigations on a system containing between the liquid-disordered statg énd the liquid-ordered
ergosterol (2) or cholesteroft as a consequence of their state (§).
putative biological relevance (see Figure®*Tjhe amounts Recent biophysical studies have refined the picture of the
of added amphotericin B were chosen such as to be abovephysical states of biomembranes. In particular, the phase
(h, 10uM), at (m, 1uM), and below (I, 0.1uM) the critical diagram for DPPC-cholestetdlmixtures at temperatures
self-association concentration ofiM in water® Thus, at above the gel-to-liquid transition J predicts such a
10 and 1uM concentrations, amphotericin is found in various coexisting phase between the liquid-disordered state and the
degrees of aggregation, while at QuM, it exists as a liguid-ordered staté® Such a phase coexistence is absent in
monomert® POPC-cholesterol bilayers at room temperature, which

Analysis of the efflux data in Figure 1 reveals that at and remains in a liquid-ordered state up to 50 mol % choles-
above a threshold value of/AM, amphotericin B leads to  terol** Our findings of monotonic K-efflux decrease with
very rapid release of Kfrom vesicles independent of the increasing sterol content (Figure FADI,EI-HI) are con-
type of sterol in the vesicle membrane (Figure tAth, sistent with this.

Am—Hm). Indeed, it has been suggested that aggregates of We next examined vesicles incorporating 7-dehydrocho-
amphotericin B are responsible for the severe side-effectslesterol (3) and dihydrocholesterdb)( At 10 and 1uM
of the drug in human¥! a feature that is reflected in the amphotericin B concentration, an immediate totatdflux
nonselective interactions of the drug with either ergosterol- from vesicles is recorded (Figure 2Akh, Am—Hm)

or cholesterol-containing membranes. depicting the lack of selectivity of amphotericin B also for
these types of membrane sterols as observed for cholesterol
(6) Bolard, J.; Legrand, P.; Heitz, F.; Cybulska, Bochemistry1991, and ergosterol. By contrast, the investigations of 7-dehy-

30, 5707-5715. .
(7) Norman, A. W.; Demel, R. A.; de Kruijff, B.; van Kessel, W. S. M. drocholesterol3) and dihydrocholesterobj afforded some

G.; van Deenen, L. L. MBiochim. Biophys. Actd972,290, 1-14. interesting contrasting results at the low concentration where

(8) Small changes in temperature may have an effect on the phase S ; : _
boundaries; however, it has been shown that phase boundaries do no?‘mphOterICIn is added in monomeric form. At low am

necessarily shift with temperatures; see discussion in: Virtanen, J.; Ruonala,photericin B concentrations (Figure 2ADI, EI—HI), with

M., Vaukonen, M.; Somerhau, Biochemistry1995,34, 11568-11581. ~ hoth 7-dehydrocholesterol Y&nd dihydrocholesterols),
(9) We have performed dynamic light-scattering measurements with

POPC liposomes in the presence of added amphotericin B/DMSO solutions;

no change in vesicle diameter was noted. (11) (a) Urbina, J. A.; Pekerar, S.; Le, H.-B., Patterson, J.; Montez, B.;
(10) For the dispersion in this study using 10, 1, and &M ampho- Oldfield, E.Biochim. Biophys. Acta995,1238, 163—176. (b) Paquet, M.-

tericin, the nominal loadings are 300, 30, and 3 amphotericins per vesicle. J.; Fournier, |.; Barwicz, J.; Tancréde, P.; Auger, @®hem. Phys. Lipids

The calculation is based on the following assumptions: mean headgroup2002,119, 1-11.

area of one POPC molecule of 72 /Ailayer thickness of 37 A, and a (12) DPPC: 1,2-dipalmitoyl-sn-glycero-3-phosphocholine.

mean sectional area of 3324or both cholesterol and ergosterol. It has (13) Ipsen, J. H.; Karlstrom, G.; Mouritsen, O. G.; Wennerstrom, H.;

been proposed that as little as 2 amphotericin B molecules per vesicle areZuckermann, M. JBiochim. Biophys. Actd987,905, 162—172.

sufficient to cause total leakage, see: van Hoogevest, P.; de Kruijff, B. ~ (14) (a) Thewalt, J. L.; Bloom, MBiophys. J.1992,63, 1176—1181.
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the K™-efflux goes through a maximum at 13 mol % and sterols at different concentrations. We have thus employed
thus does not decrease monotonically as observed foramphotericin B as a probe to report on the phase diagram
cholesterol- and ergosterol-containing membranes (Figureof the different membranes at room temperature. This has
1AI-DI, EI—HI). We suggest that this implicates that 7- led to the proposal that amphotericin B shows a preference
dehydrocholesterol3) and dihydrocholesterob] induce a for a coexisting | + 1, (liquid-disordered/liquid-ordered)
coexisting liquid-disordered/liquid-ordered phase at medium phase. More generally, the observations are consistent with
sterol concentrations (Figure 2BI—ClI, FI-GI) with which a model for amphotericin B in which membrane selectivity
amphotericin B preferentially interacts. This would neces- arises from differential preorganization of membranes caused
sitate that part of the membrane is more ordered (rich in by the different sterols.

sterol) and partly less so (poorer in sterSlgmphotericin Acknowledgment. We would like to thank the following
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In conclusion, we have shown that at concentrations below S Gina Inf tion Available: E . tal
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