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Interaction of antibiotics Lasalocid and Monensin with model membranes
evidenced by Raman spectroscopy and FT-IR
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Perturbations induced by Lasalocid and Monensin as sodium salts on molecular organization of two types of model membranes prepared
with a lipid. dipalmitoylphosphatidylcholine (DPPC) and a surfactant, cetyltrimethylammonium bromide (CTAB) have been analyzed by
Raman and infrared spectroscopies. Our approach involves the possible changes in the vibrational spectrum of lipid multilayers for different
molar ratios around the order-disorder transition temperature (77, ) and changes in the vibrational spectrum of a micellar solution of CTAB
(20% by weight) in the CH. stretching vibration modes for different molar ratios. In the hydrophobic core of the multilayer membrane, the
interaction of Lasalocid is associated with changes in lipid packing. With DPPC. an effect is detected which corresponds to a decrease of the
chain packing of the lipid. In presence of this antibiotic, the transition temperature 7', decreases depending on the lipid: antibiotic molar
ratio. Effect of Monensin is quite different, the transition temperature is not modified by increasing concentrations of this antibiotic. Evidence
of penetration of Lasalocid inside the lipid core of the membrane is given. Penetration of Monensin is discussed.
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Perturbaciones inducidas por las sales de sodio de lasalécido y monensina en la estructura molecular de dos tipos de membrana modelos
preparados con un lipido, (DPPC) y un tensioactivo (CTAB) se analizaron por espectroscopias Raman ¢ infrarroja. Nuestro enfoque toma en
cuenta posibles cambios en el espectro vibracional de las multicapas de lipido a diferentes fracciones molares alrededor de la temperatura
de transicion orden-desorden (75, ), asi como cambios en el espectro vibracional de una solucion micelar de CTAB (20% en masa) en los
modos de vibracién de elongacion de los grupos CH:z. En la parte hidréfoba de la membrana la interaccién del lasalocido est asociada con
cambios en el apilamiento de los lipidos. Con DPPC, se observa una disminucién del apilamiento de las cadenas del lipido. En presencia del
antibiético. la temperatura de transicién Tm disminuye dependiendo de la razén molar lipido antibidtico. El efecto de la monensina es muy
diferente. la temperatura de transicion no cambia con la concentracién del antibidtico. Se observa claramente la penetracion del lasalécido
dentro de la parte hidr6foba de la membrana. Finalmente, se discute la ubicacion de la monensina.

Descriptores: Raman; FTIR; membrana modelos; lasalécido; monensina

PACS: 87.15.By; 87.15.Mi; 78.30.-j

1. Introduction

Lasalocid and Monensin are polyether carboxylic ionophores
which have been extensively studied by X-ray diffraction
methods [1-5]. Usually, they form monomeric or dimeric
structures, with a preference for the second ones in non-polar HC K f“‘- OH
solvents, and the metal ion is bonded through oxygen func-
tional groups. They have received much attention because
of their ability to transport metal cations across membranes
(natural or artificial). It is generally believed [6-8] that Lasa-
locid and Monensin form specific complexes with cations
via hydrogen bonds and encircle the cation (Las-Na, Mon-
Na), which becomes lipophilic, and provides a mean to cross (h)
membranes. Molecular formulas of both antibiotics are pre-
sented in Fig. 1. Such complexes are formed at the interface
between lipid and water and they are driven across the bilayer
by gradients in cation concentration and pH. One difference

FIGURE 1. Molecular formulas of a) Lasalocid, and b) Monensin.

between the two ionophores is seen from their transport se-
lectivity that have been extensively studied [9-14]. Lasalocid
seems most efficient for carrying K+ ions and Monensin for
Na™ ions. The antibiotic activity of these molecules probably

arises from the carrier mechanism. Circular dichroism has
been performed [15] and has shown the formation of a com-
plex between the carboxylate ion of Las-Na anion and the
alkylammonium ion,
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Less attention has been drawn on interaction with phos-
pholipids. Some works on fluorescence have been performed
using the intrinsic fluorescence of Las-Na [7,16]. These re-
sults have been interpreted in terms of limited solubility of
Lasalocid A in the phospholipid vesicles, this solubility being
higher in fluid than in rigid phospholipid. Also, these results
have shown, that at low lipid : Las-Na molar ratio (lower than
50:1), Las-Na has a tendency to form aggregates so as to min-
imize the exposure of its hydrophilic portion to the hydropho-
bic interior of the lipid bilayer. In a recent work, Hasmonay

et al. [17] also interpret their results of Langmuir films of

lipids-antibiotic by the formation of aggregates, but also sug-
gest the possibility of penetration of the antibiotic molecules
inside the lipid chains region at molar ratio lower than 25:1.
It was recently shown [18] an aggregation tendency more im-
portant for Mon-Na than for Las-Na, but also enhanced by the
basic pH. This work concluded that Las-Na molecules must
be situated to some extent inside the lipid bilayer.

Differential scanning calorimetry (DSC) was per-
formed [19] in order to study insertion properties of Las-Na
and Mon-Na in DPPC multilamellar bilayers. It was shown
that the gel-liquid crystalline phase transition is concentra-
tion dependent with Las-Na while not with Mon-Na.

In order to elucidate the membrane damage resulting
from the interaction with the antibiotic we have undertaken,
by spectroscopic techniques, a comparative analysis of model
membranes containing DPPC or DPPC/antibiotic (Las-Na or
Mon-Na) in two aqueous solutions: water at pH 6 and at
pH 9. High concentrations r of antibiotics (» = molar ra-
tio lipid/antibiotic, 100:1, 50:1, 28:1 and 10:1) are chosen
because, in poultry, antibiotics are added to medicated an-
imal feeds at 100 mg kg~! for the treatment of coccidio-
sis. Residue levels of 0.005 mg kg=—! are encountered in tis-
sues [20]. We completed this work, studying the effect of
both antibiotics ratios (+ = 50:1, 20:1, 10:1 and 5:1) on a
20% micellar solution of cetyltrimethylammonium Bromide
(CTAB).

2. Materials and methods

Sodium salt of Lasalocid (97%) and Monensin (90-95% )
and DPPC (> 99% by TLC) were purchased from Sigma.
CTAB is a cationic surfactant and was purchased from
Merck. Las-Na was recrystallized from aqueous methanol
and acetone, m.p. 169-172°C. Mon-Na was recrystallized
from aqueous methanol and diethyloxyde, m.p. 260-264°C.
The solvents were Prolabo analytical grade. Chloroform and
hexane were distilled on molecular sieve 4 A for moisture
removal. Water was purified in a Bioblock four cartridge sys-
tem. Heavy water was purchased from Euriso-top (CEA) with
99.8% of deuterium.

Lasalocid and Monensin sodium salts are poorly solubles
in water and were first dissolved in a chloroform-hexane so-
lution (2:3, v:v) then DPPC is added to reach the desired
concentration. The solvent is then evaporated from the lig-
uid mixture during 10 min at 60°C. The residue is then

dried under vacuum at 37°C favored by a hot-cold current.
DPPC/antibiotic mixtures at molar ratios 10:1, 28:1, 50:1 and
100:1 were prepared using this method [25]. The same tech-
nique was used to prepare CTAB/antibiotic mixtures at molar
ratios 5:1, 10:1, 20:1 and 50:1. It must be noticed here that
samples of CTAB/Mon-Na at 5:1 were not obtained because
an aggregation process has been occurring in the solution.
The same aggregation process occurs in the others mixtures
of Mon-Na with time. It must be noted that dissolution of
both antibiotics in an anionic surfactant solution as sodium
dodecyl sulfate or sodium octanoate is impossible.

For Infrared measurements, samples were obtained by
dissolving 2 mg of powder in 40 ml of distilled water or
heavy water. Films of hydrated systems were then placed
directly between CaF, windows with an optical pathway of
7 pum. Spectra were recorded on a Nicolet 5SDX spectrometer
equipped with a TGS detector. In order to eliminate spectral
contributions of atmosphere water vapor, the instrument was
purged with dry air. For each spectrum, 100 scans at 4 cm ™
resolution were collected, co-added, apodized with a Happ-
Genzel function and Fourier transformed. The spectra of the
solvents were subtracted from the spectra of the solution in
particular for lower concentration solutions.

For Raman spectroscopy experiments, all the samples
were prepared dissolving 4 mg of powder in 30 ml of water,
heated and mixed above the transition temperature. The Ra-
man spectroscopy experiments were performed on a comput-
erized Jobin-Yvon Ramanor HG2S double monochromator,
using a 2016 Spectra Physics Ar' laser. We used 514.5 nm
laser line with a power of 200 mW at the laser head and the
spectral resolution was nearly 4 cm~!. All the samples were
enclosed into sealed | mm diameter capillaries and placed
in a small cryostat with nitrogen circulation and temperature
regulation for the temperature experiments. For technical rea-
sons, the platin resistor was quite far from the focusing point
of the laser beam, and the error in temperature measurements
was estimated o be £0.5°C. The sample was allowed to
reach thermal equilibrium for 15 min. before recording each
spectrum. For each spectrum at least 10 scans were collected
and co-added in order to have a good signal to noise ratio it
is shown in the Fig. 2. Calibration of the temperature was
checked by determining the transition temperature of pure
completely hydrated DPPC in water at pH 6 (41°C). Spec-
tra were recorded each degree in the transition region and
each two or five degrees outside the transition region. The
scattered light, detected at right angle from the incident light,
was collected on the photocathode of a cooled photomulti-
plier and amplified by a dc operational amplifier.

The temperature curves were determined from low to
high temperatures. The estimated error in the calculation of
the peak height intensities ratios made by amplitude mea-
surements is +0.03 for the Isggo/lags0 peak intensities ra-
tio and £ 0.08 for the I06s/T1098 and Iy128/T109s peak in-
tensity ratios. The baseline was taken by drawing a straight
line between 2800 and 3000 cm™! and between 1000 and
1200 cm~! as illustrated in Figs. 2a and 2b, respectively. A
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FIGURE 2. Raman spectra of the CH stretching modes, a) and C-C skeletal modes, b) at 10°C (lower) and 45°C (upper) of a DPPC aqueous

solutions at pH 6.

systematic error could be made in the ratio calculation due to
the presence of antibiotic specially for the more concentrated
samples. As these antibiotics are not soluble in water, it is
then impossible to subtract the antibiotic spectrum in solution
and this correction has not been done. The Raman spectrum
of both antibiotics powder does not have CH; stretching band
at 2850 ¢m™! (spectrum not shown), the main bands in the
vey region are at 2880 and 2935 cm~! and are mainly due
to methyl CH; stretching modes. As the band at 2850 cm ™!
is only due to CH; stretching (and Fermi resonance) of the
DPPC chains, the I;gz0/I2850 ratio we measured may proba-
bly be over-estimated for the mixtures.

3. Results

Tt is well known that phospholipids and surfactants can exist
in two states. In the solid ordered state at lower temperature,
the hydrocarbon chains of the molecules rotate about their
axes but are rigidly aligned. At higher temperature, a liquid-
crystalline or disordered state is formed in which the chains
have a liquid-like flexibility. Raman scattering and FTIR are
powerful and non-invasive techniques to explore the organi-
zation of biological molecules. They provide informations
about the thermotropic state transition occurring in surfac-
tants, in lipids or in model membranes.

Raman spectra were studied in the 2750-3050 cm™" and
1000-1200 cm™! ranges. Analysis of the 2750-3050 cm ™!
region, which includes the contribution of the methyl and
methylene CH stretching modes and Fermi resonances aris-
ing from interactions of the CH, stretching modes with the
overtones of the CHy bending modes (1430-1460 em™!),
provides information on the perturbations arising in the hy-
drophobic core of the membrane and on the chain pack-
ing. In this region we observe two main bands at 2850 and

1

2880 cm~! which are the symmetrical and antisymmetrical
CH, stretching modes respectively. The 1000-1200 cm™!
region includes the antisymmetrical (1060 cm~!) and sym-
metrical (1130 cm 1) C—C stretching modes (skeletal modes)
and provides information on the intrachain disorder with the
band at 1098 cm~! representative of gauche bonds.

The use of FTIR spectroscopy, and the analysis of the
stretching modes of carboxyl groups (16501800 cm~!) and
phosphate and Nt (CHj3)3 groups (9001300 cm~!) of DPPC
multilayers has allowed us to characterize the perturbations
induced by Las-Na in the polar and interfacial regions of the
membrane. Bands arising from the interfacial and polar re-
gion provide important information concerning bilayer hy-
dration. In this analysis, the ester C=0 band of DPPC is
particularly useful because it is composed of two overlap-
ping bands near 1740 and 1727 cm~!. It was originally sug-
gested that they result from the sn-1 and sn-2 non-equivalent
C=0 groups [21]. New experiments have shown the high fre-
quency band may represent “free” C=0 groups, while the
lower f{requency band arises from hydrogen bonded C=0
groups [22]. The DPPC absorption spectrum exhibits also
two main features with maxima at 1242 and 1091 cm™1.
These bands are attributed respectively to the antisymmet-
rical and symmetrical stretching modes of phosphate groups.
Another signal appears as a shoulder at 1065 cm™! and is
probably due to the R-O-P-R" vibration [23]. The band at
1168 cm~! and the shoulder at 1180 cm™? are due to the C—
O single bond stretching modes in the non-planar conforma-
tion of the C-C(=0)-0-C group respectively [24]. A band
near 970 cm ! is due to the choline vibration v[NT(CH3)3].

It is known that hydration of DPPC [26-29] with me-
chanical agitation in excess water produces a suspension
of “onion-like” multilamellar vesicles that undergo a sharp
order-disorder transition at 41°C. When melting occurs, the
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FIGURE 3. a) Temperature profile of DPPC and DPPC/Las-Na 10:1 molar ratio in water at pH 6, constructed from the I2gs0/l2g50 ratio. b)
Temperature profile of DPPC and DPPC/Las-Na 10:1 molar ratio in water at pH 9, constructed from the I2ggp/I2ss50 ratio.

antisymmetrical methylene CH stretching mode intensity de-
creases in relation to the symmetrical one. The peak height-
intensity ratio Isggo/I2sso measures lateral interactions of ad-
jacent chains and permits to characterize the chain pack-
ing and perturbations induced in the lipid chain organiza-
tion. At the same time, changes occur in the C-C stretching
modes region. At temperatures above T}, the symmetrical
and antisymmetrical C—C stretching modes become smaller
than the band due to gauche conformations [28]. The peak
height ratios I1p60/I100s Or I1198/1100s therefore reflect the
trans/gauche isomerisation along the lipid chain.

For all the mixtures studied, in order to have quite
clear figures, we do not present the results at differ-
ent concentrations. Only the temperature profiles of DPPC
and DPPC/antibiotic at 10:1 molar ratio constructed with
I2s50/12850 peak intensity ratio are presented. The results con-
cerning the C—C stretching modes are summarized in the Ta-
bles I and II.

We first present and discuss our experimental results
about DPPC model membranes in different water solu-
tions containing DPPC/antibiotic mixtures, then results about
CTAB/antibiotic solutions.

3.1. Raman spectrum of DPPC/Las-Na model mem-
branes

3.1.1. Solutions in water at pH 6

Figure 3a represents the temperature profiles formed from the
Isgg0/I2gs0 ratio, for DPPC and DPPC/Las 10:1 molar ratio in
water at pH 6. As shown on this figure and in accordance with
previous results [28, 29], the pure DPPC in water at pH 6 un-
dergoes two transitions, the first one at 35°C (the so-called
pretransition) and a cooperative transition found at 41°C (the
main transition). Although the Raman intensity parameter is
not very precise, a small discontinuity is always observed
near 35°C. This transition involves a change from the lamel-
lar gel (Lg) to the so-called rippled (Pg/) phase. The sec-
ond one is from the ripple to the fluid liquid crystalline (La)
phase. At 10°C the Igg0/I2s50 ratio equals 1.35 and then de-

TABLE I. Peak height intensity ratio of the skeletal vibration modes
in Raman scattering below and above the main transition for the
different DPPC/Las-Na samples and main transition temperatures.

Samples liose/liogs  li128/lioes T
35°C 44°C 35°C 44°C (°C)

DPPC/water pH 6 1.25 086 102 053 41

DPPC/water pH 9 1.25 079 1.00 048 41

DPPC/Las 50:1 waterpH 6 1.21 081 1.00 064 41
DPPC/Las 50:1 waterpH9 1.15 085 1.05 051 39
DPPC/Las 28:1 waterpH6 1.12 081 086 063 38
DPPC/Las 28:1 waterpH9 1.03 084 072 060 38
DPPC/Las 10:1 waterpH6 1.03 094 0.67 0.66 37
DPPC/Las 10:1 waterpH9 1.02 0.82 060 050 38

creases to nearly 1.1 at the pretransition, and remains con-
stant till the main transition. The ratio remains constant at
0.90 above the main transition.

With the addition of the antibiotic, at pH 6, the pretran-
sition of the DPPC multilayers is not observed for any of the
molar ratios. The main transition temperature T, practically
the same as DPPC in water at pH 6 for the 100:1 and 50:1
lipid/Las-Na molar ratios but is reduced by ~ 3°C for the
28:1 lipid/Las-Na molar ratio and reduced by 4°C for the
10:1 molar ratio as we can see in Table I. This effect has
already been shown by DSC [19]. In the temperature range
below the main transition (10°C—40°C), the addition of the
antibiotic causes a significant decrease in the intensity ratio
the 12330/12350 which drops, at 10°C from 1.3 in DPPC to
1.0 in the mixtures and at 35°C from 1.1 to 0.9 for all con-
centrations. At temperatures above the main transition, this
ratio is nearly 0.75 for all DPPC/Las-Na mixtures, signifi-
cantly smaller than the ratio obtained with DPPC in water
(0.90). Addition of Las-Na in the DPPC multilayers increases
slightly the proportion of gauche honds for temperatures be-
low the order-disorder transition temperature as it can be seen
with the intensity ratios given in Table I. Above the main tran-
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FIGURE 4. a) Temperature profile of DPPC and DPPC/Mon-Na 10:1 molar ratio in water at pH 6, constructed from the I2gso/l2s50 ratio. b)
Temperature profile of DPPC and DPPC/Mon-Na 10:1 molar ratio in water at pH 9, constructed from the lzsso/l2ss0 ratio.

sition, the intensity ratios are not very different from those
of pure DPPC. The antibiotic strongly perturbs the DPPC bi-
layer with an increase of the fluidity above and below the
main transition.

3.1.2. Solution in water at pH 9

Figure 3b represents the temperature profiles formed from the
Lsgo/losso ratio for DPPC and DPPC/Las-Na 10:1 molar ra-
tio in water at pH 9. We can observe that no strong change
appears on the pure DPPC profile except that the pretransi-
tion is not observed. The transition temperature is the same
as in water at pH 6 as observed by previous results [22, 30].
The chain packing above the main transition as observed on
the temperature profiles is not strongly modified by the pH
change. The trans-gauche isomerisation as reflected by the
Lioaa/T1ous ratio is not really modified (Table I). As observed
by Bartucci er al. [31], a small lateral expansion of the lipids
can occur due to a screening effect. This expansion induces
the hydrocarbon chains to tilt already in the gel state, and this
could be the reason for the absence of the pretransition.

As we can see on Fig. 3b and in Table I, perturbations
of DPPC bilayer also exist at pH 9. The main transition tem-
perature is reduced by 2°C for the 100:1 and 50:1 lipid/Las-
Na molar ratios. In all cases no pretransition is observed. For
both 28:1 and 10:1 molar ratios the main transition temper-
ature is reduced by 3°C and strong perturbations appear in
the chain packing of the lipid-antibiotic mixtures. Below the
main transition, at 35°C, the the Isggo/Iagso intensity ratio is
near 1 and drops to near 0.9 above the main transition tem-
perature for the two lowest concentrations and to 0.8 for the
highest concentration. Below the main transition the propor-
tion of gauche conformers remains higher for the samples
containing Las-Na than for pure DPPC solution.

It must be noticed that above the main transition the
Issso/Ias50 ratio is the same for pure DPPC and the 50:1 and
28:1 molar ratios. The strong perturbation still exists in the
gel phase but not exist in the liquid crystalline phase except
for the highest Las-Na concentration (10:1 molar ratio).

3.2. Raman spectrum of DPPC/Mon-Na model mem-
branes

3.2.1. Solutions in water at pH 6

A quite different behavior is found with DPPC/Mon-Na mix-
tures. As we can sce on Fig. 4a, the main transition tempera-
ture is the same as DPPC for all concentrations.

The Taggo/lags0 ratio for the samples 50:1 and 28:1 is near
1.2 at 10°C, and goes to 0.9 at 35°C and 0.8 at 45°C while
for the 10:1 sample it is 1.1 at 10°C, goes to 1.0 at 35°C and
to 0.8 at 45°C. In the low temperature phase it seems that the
higher concentrated sample induced a stronger perturbation
than the other samples. In the high temperature phase (liquid
crystalline phase), the chain packing seems decrease slightly
for all samples with respect to DPPC. No difference in the
trans/gauche isomerisation is observed between the different
samples (Table IT).

3.2.2. Selutions in water at pH 9

At pH 9 (Fig 4b), the main transition is still the same as
pure DPPC at pH 9 and the pretransition is not observed. The
L1gs0/Tagsp ratio is 1.2 at 10°C, nearly 1.1 at 35°C and 0.9 at
45°C for all concentrations. In the high temperature phase the
chain packing is quite higher than in water at pH 6 and iden-
tical to the pure DPPC one. As mentioned above at pH 6, no
difference is seen in the trans/gauche isomerisation at pH 9
(Table II).

3.3. Infrared absorption spectrum of DPPC/antibiotics
mixtures

The infrared absorption spectrum in the 1300-900 cm™!

spectral range is used to monitor the vibrations associated
with the phosphate and choline groups in the polar part of
the membrane. Modification of the pH of the water solution
does not significantly change the infrared absorption spec-
trum of DPPC neither in this region nor in the polar part
(1800-1650 cm™!) (spectrum not shown).
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TABLE II. Peak height intensity ratio of the skeletal vibration
modes in Raman scattering below and above the main transition
for the different DPPC/Mon-Na samples and main transition tem-
peratures.

Samples Loss/lioes  lirzs/lioes  Thn
35°C 44°C 35°C 44°C (°O

DPPC/water pH 6 1.25 086 1.02 053 41

DPPC/water pH 9 1.25 079 1.00 048 41

DPPC/Las 50:1 waterpH 6 1.15 0.78 099 052 4]
DPPC/Las 50:1 waterpH9 1.21  0.80 1.01 051 41
DPPC/Las 28:1 waterpH6 1.15 082 1.00 055 41
DPPC/Las 28:1 waterpH9 120 091 1.16 055 41
DPPC/Las 10:1 waterpH6 1.12 077 099 0.60 4]
DPPC/Las 10:1 waterpH9 1.19 0.80 1.01 056 40
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With addition of antibiotics, at pH 6 and at pH 9 for all
molar ratios, no change is observed compared to DPPC water
solution in the interfacial region of the phospholipid mem-
brane with both antibiotics. But, very small changes are ob-
served in the polar region (Fig. 5). These changes concern
the shoulders near 1069 cm~! (R-O-P-R’ group) and near
1180 cm ! (C-C(=0)-0-C group) only for DPPC/Las-Na
mixtures. Intensity of both vibrations is concentration depen-
dent. The intensity decreases as the concentration of antibi-
otic increases (spectrum not shown).

3.4. Raman spectrum of CTAB/antibiotics solutions

On Fig. 6a, we can see the results obtained with CTAB/Las-
Na solutions at pH6. At 50:1 molar ratio we do not observe

any change compared with the profile of a pure solution of

CTAB, the transition temperature is near 23°C. When the
concentration of antibiotic increases, the transition temper-
ature is shifted to low temperatures. At higher concentration

we have found the transition at 18°C for the 10:1 molar ra-
tio and at 14°C for the 5:1 molar ratio. We do not observe
important changes of the intensity ratio in the low and high
temperature phases compared to pure CTAB solution.

With Mon-Na, at pH 6, we do not observe any change
in the transition temperature for the two highest molar ratios,
but with 10:1 and 5:1 molar ratios the transition temperature
is shifted to 21°C (Fig. 6b). Chain order is the same as in
CTAB solution at low and high temperatures.

AL pH 9, we do not observe any significant change with
the results obtained at pH 6.

4. Discussion

The main result of this work is that these two molecules be-
longing to the same group of antibiotic ionophores have not
the same effect on in vitro biological membranes. A careful
observation of the experimental results and the structure of
hoth molecules may provide a clue to this behavior.
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172 MICHEL PICQUART

In DPPC, the large molecular area of phosphorylcholine
allows an expansion of the hydrocarbon chain matrix in the
liquid crystalline state without disruption of the head-group
lattice. In presence of excess water, the two-dimensional
head-group contact no longer exists because water molecules
can act as spacers molecules forming lateral bridges between
the head-groups [32]. It means that in the liquid crystalline
phase of DPPC, the value of 0.90 for the Iyggo/logsp ra-
tio characterizes this two-dimensional arrangement. The fact
that we found a lower value (0.75) for DPPC/Las-Na sam-
ples at pH 6 and 9, value very near of that obtained with
liquid alkanes or surfactant micellar solutions, seems to in-
dicate that hydrocarbon chains have more space than in pure
DPPC solution and that lateral interchain interactions de-
crease. Below the order-disorder transition, a strong pertur-
bation of the chain packing is also observed, without modifi-
cation of the infrared absorption spectrum excepted on the
vibrational bands due to the R—-O-P-R’ and C(=0)-0-C
groups. With Lasalocid, the shift of the main transition tem-
perature is concentration dependent. All these results suggest
that Lasalocid molecules are inside the hydrophobic core of
the DPPC membrane and interact with DPPC molecules. This
interaction may occur between the lateral hydrophobic chain
of Lasalocid and the DPPC chains. This interaction modifies
the head-group lattice and causes an expansion of the hydro-
carbon chain matrix which shifts the main transition to lower
temperatures.

As we have seen, the fluidity of the gel phase is greater at
pH 6 than at pH 9. At the same time, the number of gauche
conformers is smaller at pH 9 than at pH 6. These results
suggest a possible change in the conformation of Lasalocid.
This could be possible by the liberation of the cation and the
elongation of the Lasalocid molecules. In this case, the Las
molecules stay in the hydrophobic core of the membrane with
the COO- group near the interfacial region and produce a
conformational change of the DPPC backbone which is ob-
served by Infrared absorption. This is in agreement with the
results of Hasmonay et al. [17] which have shown, using sur-
face pressure techniques, that Las-Na molecules have an ef-
fect on Langmuir films of DPPC.

The same situation would occur with CTAB micelles
where the transition temperature is lowered when the con-

centration of Lasalocid is increased. The local changes in the
surface charge of the micelles could be the cause of the ag-
gregation process above mentioned.

Since the results are very different, we must suppose that
Monensin has not the same location as Lasalocid. Following
Jain and Wu [33], since the methyl end region of the lipid
bilayer is in relative state of disorder, a molecule localized in
this region would have little or no effect on the transition pro-
file. Thus, Monensin molecules would be very deeply buried
in the hydrophobic core of the membrane probably between
the terminal methyl groups of each monolayer. It would be
the same with CTAB micelles. However this location of Mo-
nensin molecules does not explain why these molecules are
not soluble in anionic surfactants and how the aggregation
process we observed in CTAB solutions occurs. If Monensin
molecules penetrate deeply in the hydrophobic core these ef-
fects would not exist, on the contrary, these effects would be
in agreement with a molecule near the polar or the interfacial
regions of the lipid.

It is known that stability constants of Monensin com-
plexes are relatively much higher than those of Lasalocid in
the same solvents. The smaller Lasalocid molecule is less sta-
ble than Monensin molecule [34]. The Monensin molecules
would be near the interfacial region of the membrane prob-
ably in a neutral form to prevent any bonding with the po-
lar head of the lipids. The interaction would be electrostatic
explaining the absence of modification of the thermotropic
properties of the DPPC membranes and CTAB micelles with
Monensin.

In any case, as the changes observed are very small at
relatively high concentrations, at physiological levels, none
of the antibiotics produce sensitive modification of the ther-
motropic properties of biological membranes.
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