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of ege suggests agg: of
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increasing concentrations of lipid, there is an increase in fluorescence due to gradual veduction of self quenching on
lateral dilution. This wnllrms the preseace of loosely held non-covalent mtes of lasalocid A in the membrane.
of cation

This result is the
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Introduction

Lasalocid A {(also known as X537A) is a carboxylic
ionophore isolated from Streptomyces lasaliensis [1). It
is a linear polyether antibiotic molecule and facilitates
the transport of metal ions (especially Ca** ions) as
well as some biogenic amines across biological and
model b [2-5] 1t is lly believed ihat
lasalocid forms specific complexes with cations and
encircles the cation to which it is coordinated, render-
ing it lipophilic, and thus providing a means for its
transport across apolar barriers. Lasalocid A is an

A across

the kinetics and mechanism of ion transport by lasa-
locid A suggest, based on the concentration depen-
dence of the rates of transport, that lasalocid A could
be aggregated in membranes [12,16-18). In addition,
lifetime have shown that
lasalocid exists in two different environmeais when
bound to membrane vesncles. possnbly refleclmg two
different modes of lasal
[8]. Although i ion of lasalocid A with h
lipid vesicles has been studied [22-24], aggregation of
lasalocid in membranes has not been exaimned before.
In this repost, we have investigated the aggregation

of I d A in egg PC vesicles as monitored
by intrinsic fluorescence. Our studies indicate that at
low lipid/ lasalocid molar ratio, lasalocid has a ten-
dency to become aggregated in membranes.

The fl of behavi !
lasalocid arises from its saln:ync acid residue [6]. Th|s
group is babl; dlreclly wed in
with ions and thus is itive to
the degree ¢ ion and ion of the

ionophore [6-11). The fluorescence quantum yield of
lasalccid A is very sensitive to the polarity of the
medium [6).

ln spne of a number of studies on lasalocid A
of ions, the detalled
kinetics and ism of ion t by I d is
not fully understood [8,12-21]. A number of studies on

Tati PC o i TLC, thin-layer chromatog-
raphy; ULV, unilamellar vesicle.
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Materials and Methods

Sodium salt of lasalocid A and egg PC (type XI-E)
were purchased from Sigma Chemical Company (St.
Louis, MO, USA). Egg PC was chzcked for purity by
TLC on silica gel plates in chloroform/methanol/
water (65:35:5, v/v). Solvents used were of spectro-
scopic grade. Fiuorescence measurements were per-
formed with a Hitachi F-4000 steady state spectro-
fluorometer with a built-in compu(er and using 1 cm
path-length quartz ion and emissi
slits wnh a nominal b"ndpass of 5 nm were used in all

The length used was 310
nm in all cases. Background intensities of samples in
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which lasalocid was omitted were subtracted from all
reported values. For the self quenching experiment
(Fig. 2), fluorescence was corrected for inner filter
effect, as described previously [25,26]. Absorbance in 1
cm cuvettes was measurcd using a Hitachi 200-20

il vesicles (ULV) of egg
PC were prepared by the ethanol injection method
[27,28] by injecting ethanolic solutions of egg PC into a
pH 7.2 buffer containing 10 mM Tris chloride and 150
mM sodium chloride. To incorporate lasalocid A into
membranes, small aliquots of lasalocid were added
from a stock solution of lasalocid in ethanol to the
preformed vesicles and mixed well. Samples were then
kept in dark for 16 hours before measuring fluores-
cence.

Results and Discussion

Fig. 1 shows the chemical structure and fluorescence
emission spectrum of lasalocid A in ULVs of egg PC.
The maximum of emission occurs around 416 nm. Fig.
2 shows Iasalocid fluorescence intensity isi ULVs of egg
PC as a fi of lasalocid i If upon
i i id there is no effect on
the state of the ionophore molecule, there should be 2
linear increase in fluorescence with concentration; this

FLUGRESCENCE INTENSITY
CARDITRARY UNITS )

LASALOCID CONCENTRATION (M)

Fig. 2. Change in fluorescence intensity as a function of lasalocid
gg PC vesicles. Fluorescence was monitored at 416
otted line denotes theoretically expected fluorescence.
Fluorescence values were corrected for inner filter etfect (sce Mate-
Concentration of egg PC was 0.i5 mM in all
ratio varied between 7.5 and 300
(mol/mol). Each sample was made separately.

is observed at lower concentrations of lasalucid. How-
ever, the plot deviates from linearity for lasalocid con-
centrations greater than 5 pM which corresponds to a
lipid / lasalocid ratio of 30 (mol/mol). This deviation
from hnearlty beyond a certain concentration sngges!s
of I lecules in the

leading to seif quenchmg of fluorescence. Such self

hil J on aggregation in

of fluc
organic solvents has been previously observed [17].
There was, however. no ugmﬁcam shift in fluorescence
emission i of | id on agg ion in the

0
WAVELENGTH (nm)
Fig. 1. (A) Structure of lasalocid A. (B) Fli emission
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To further examine the aggregation behavior of
lasalocid A in membranes and to check whether the
aggregation process was reversible, fluorescence inten-
sity titration of a fixed concentration of lasalozid by egg
PC vesicles was performed wnh separate samples Fig.
3 shows a plot of fl of 1 id A

with increasing lipid concentration. The lipid/ lasalocid
molar ratio in this experiment was carsfully chosen so
that lasalocid would initially remain sggregated and
thus its ﬂuorescencc would be self qucnched With the
of i of lipid, I id would
get laterally diluted resulting in release of its fluores-
cence. Fig. 3 shuws that with i mcrca:mg l|p d/ lasalocid
ratio, there is an in fl lowed by a
leveling off at higher lipid/lasalocid ratios indicating
that the dnsaggregauon process is complete and

spectrum of lasalocid A in unilameilar vesicles of egg PC. The
concentration of lasalocid was 5 uM and lasalocid/lipid ratio was
1:20 (mol /mol). The excitation wavelength was 310 nm.

are bound to the mem-
braae. lms type of titration, based on release of self
quenching on lateral dilution, has been previously used
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Fig. 3. T of lasalocid A at 416 nm) in cgg PC

vesicles as a function of lipid/lasalocid ratio (mol/moi). Samples

corresponding to each data point were separately made. The concen-

tration of lasalocid in each sample was 5 uM. Concentration of egg

PC was between 0.05 and .75 mM. See Mzterials and Methods for
other details.

of

to probe the agg:
antibiotics [29].
Thc point upto which there is a linear increase in
in Fig. 3 to a lipid/ lasalocid
ratio of 30 (mol/mol). This matches very well with Fig.
2 in which the deviation from linearity is observed at a
lipid /lasalocid ratio of 30. This internal self-con-
sistency ensures that in both the cases we are studying
the same that is, self- ion of lasa-
locid A in the t The di

active

tion process is independent of the total lasalocid
concemranon Thus, Flgs 2 and 3 are not altered if the
total lasaloci is doubled with a simult:
neous doubling of lipid concentration so as to keep the
lipid / lasalocid ratio constant.

Our self quenching and lateral dilution experiments
clearly show that. lasalocid A is aggregated in mem-
branes. The nature of these aggregates deserves some
comment. As is apparent from Fig. 3, the aggregated
form having low fluorescence can be diluted away to
the highly fluorescent monomeric form, that is, the
process of aggregatlun can be reversed by lateral dilu-
tion. The are, thus, loosely
held together in the aggregate by non-covalent forces.

Lasalocid A is a flexible molecule and is capable of
adopting a number of different conformations in re-
sponse to its environment [7,9-11] It is thus quite
possible that lasalocid aggregates in membranes so as
to minimize the exp of its philic portion to
the hydrophobic interior of the lipid bilayer. Self asso-
ciation of lasalocid in organic solvents has been previ-
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ously reported [17]. Aggregation of membrane fluidity
probes such as pyrene [30-33] and membrane potential
probes like carbocyanine and merocyanine dycs {34-38]
in membranes is well known. Aggregation of other
antibiotic ionophores has also been postulated in a
number of studies. Alamethicin [39.40], nystatin and
amphotericin B {41,42] are all believed to form aggre-
gates in membranes, although the latter also reqnm:
sterol A fi lly related i

A23187, has been shown to aggregate in organic sol-
vents [43] as well as in membranes [44].

The results described in this report demonstrate
that the carboxylic ionophore lasalocid A tends to
aggregate in membranes at low hpld/ Iasalocld ratio.
Knowledge of such is
relevant in elucidating the molecul: hanism by
which lasalocid transports ions across membranes.
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