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Synopsis. Electrochemical, thermochemical, and light
scattering investigations were performed on the l-octanol
liquid membrane systems containing dipalmitoyl-pL-
phosphatidylcholine (DPPC) as an ionophore. It was sug-
gested that DPPC molecules form inverted micellar aggre-
gate in water saturated l-octanol and that the membrane
processes can be regulated by an endothermic phase transi-
tion of the DPPC multimolecular cation carrier.

Phospholipids, as an essential constituent of
the biological systems, are important to assemble a
bimolecular layer structure of the biomembrane.
Bimolecular membrane structure of lipids observed in
the artificial planar membrane or liposome has long
been a useful model to investigate the biological
membrane-related processes. On the other hand, it has
been demonstrated that phospholipids dissolved in
organic solvent with trace water content form inverted
micellar aggregates.!”® There is interest in inverted
micelles in these days as a mediator of the specific
chemical reactions relating to a water pool trapped
inside the micelle phase. In the present study, the
ionophoretic capabilities of the inverted micellar
aggregates of phospholipid in liquid membrane sys-
tems were investigated.

Experimental

Liquid membranes were prepared by dissolving dipal-
mitoyl-pL-phosphatidylcholine (DPPC), purchased from
Sigma Chemical Co. and used without further purification,
into 1-octanol saturated with water or 1072 mol dm™3 aque-
ous NaCl solution by applying the ultrasonic irradiation
above the main transition temperature of DPPC-water sys-
tem. Three types of experiments, electrochemical, thermo-
chemical, and photon correlation spectroscopic measure-
ments, were carried out: (A) Transmembrane potentials and
conductances were measured with varying temperature, 0—
50°C, in an immobilized liquid membrane-aqueous NaCl
system to estimate the ion selectivity parameters. The
immobilized liquid membrane systems consisted of solution
phase I, where NaCl concentration was varied from 107! to
1073 mol dm™3, and phase II with a fixed NaCl concentration
of 1072 moldm™ separated a poly(tetrafluoroethylene)
membrane filter (Fluoropore FP100, pore size: 1.00 pum,
Sumitomo Electric Co.) impregnated with a 1-octanol solu-
tion of 1072 moldm™3 DPPC saturated with 1072 mol dm™3
NaCl solution. (B) A differential scanning calorimeter
(SSC/560U, Dainiseikosha Co.) was employed to observe
thermal behavior of DPPC molecules using a 50 pl liquid
membrane sample containing 1 mg DPPC sealed in a silver
pan with a main scanning rate at 1 °Cmin~!. (C) Laser light
scattering equipments and measuring conditions were the
same as used in the previous experiments.® The liquid
membrane samples were illuminated by an argon laser oper-
ated in the TEMy, mode at 514.5 nm, at a power 100 mW.
Providing that autocorrelation function, C(t), in the hetero-

dyne regime has a single exponential decay mode, the relaxa-
tion time, 7, was determined from a nonlinear least-squares
fit to the relation as:

C(t)=A + Bexp(—t/7) 1)
where 4 is the background part of C(t) and B is a constant.

Results and Discussion

Figure 1 summarizes the experimental data and the
estimated parameters as a function of temperature.
The observed membrane potential data indicated that
DPPC in the 1-octanol liquid membrane phase acts as
a cation carrier with a transport number to Na*, 0.82—
0.92. The transport number to Nat increased with
raising temperature and decreasing NaCl concentra-
tion in phase I. Systematic investigations by Green et
al.”"9 demonstrated that phospholipids function as an
ionophore and, in some cases, ionophoretic capabili-
ties are comparable to those of authentic antibiotic
ionophores. Highly selective and specific biomem-
brane transport processes are considered nowadays to
be determined by proteinic materials embedded in the
phospholipid bilayers such as ionophoretic substances
and transport enzymes. However, phospholipids still
play some roles in the broad spectrum of biomembrane
transport capabilities. In the context of a possible
physiological significance of the ionophoretic activi-
ties of phospholipids, involvements to the energy cou-
pling process were suggested.”

As can be seen in Fig. 1-A, the curve relating the
membrane conductance, Gm, with temperature shows a
change of gradient at around 18°C. And, the curve
relating the membrane permeabilities to Na* and Cl-,
Pna and Pc, with temperature in Fig. 1-B shows a
change of gradient as corresponding with the mem-
brane conductance change as a function of temperature.
Pna and Pgy, indicating the membrane permselectivities
by referring to the permeating speed of respective ions,
can be calculated from the membrane potential and
conductance data based on the preceding membrane
theory.1%1) The membrane permeability ratio, Pc/
P, decreased slightly with raising temperature.

It is a well-known fact that the conductance of
phospholipid bilayer membrane changes drastically at
the temperature corresponding to the gel-liquid crystal
phase transition temperature observed in phospho-
lipid-water system. Differential scanning calorimetry
(DSC) measurements on the DPPC-1-octanol liquid
membrane were carried out to examine a phase behav-
ior of DPPC molecule at around 18°C where the
temperature-dependent characteristics of membrane
transport altered. Examples of the DSC thermogram
of the DPPC-1-octanol liquid membrane fluid are
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g. 1. Membrane conductance [A], membrane per-

meabilities to Na+(@®) and Cl1=(O) [B], DSC thermo-
gram [C], and relaxation time obtained by the light
scattering study[D]as a function of temperature. The
membrane conductance and permeability values
were obtained for 1072 moldm—3 NaCl(1)-10—2
moldm~3 NaCI(II) system. In Fig. 1-C, thermograms
a, b, and ¢ were recorded for the systems in which
DPPC dissolved in l-octanol saturated with 10—2
moldm~3 NaCl aqueous solution, in pure 1-octanol,
and in 102 moldm-3 NaCl aqueous solution, respec-
tively. The scale of the upperright frame comparing
the thermograms a and c is reduced to 1/2 of the
original scale for the thermograms a and b.
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shown in Fig. 1-C. As illustrated in the thermogram a,
an endothermic peak was detected at around 18°C in
I-octanol solution of DPPC saturated with water or
aqueous NaCl solution. None of the detectable ther-
mal changes were observed, on the contrary, in the
pure 1-octanol solution of DPPC (thermogram b) and
in the system without DPPC. Up to 80—90 °C, addi-
tional thermal changes were not observed in these sys-
tems. The peak height of the thermogram a is approx-
imately 1/10 of that of the established endothermic
changes for the gel-liquid crystal transition of
DPPC-water system (compare the thermograms a and
c). The thermograms a, b, and ¢ were recorded from
the samples containin 20 mgml~! DPPC dissolved
into respective solvents. The present DSC results sug-
gest that the changes in mode of the DPPC-mediated
cation transport at critical temperature, 18°C, are
related in some way to endothermic phase transitions
of DPPC in the liquid membrane phase.

It is also a common observation that addition of
short-chain normal alkanols cause broadening of the
thermal peak and lowering of the temperature for the
endothermic gel-liquid crystal transition of phos-
pholipid-water system.!?13 These alterations in the
endothermic behavior were suggested to be due to the
penetrations of additives into the phospholipid bilayer
structure. The present DPPC-1-octanol liquid mem-
brane systems are different definitely in 1-octanol/
water ratio from these phospholipid-excess water sys-
tem with adding alcohols. It is expected, accordingly,
in the present DPPC-1-octanol with trace water system
(solubility of water in 1-octanol at 25 °C: ca. 3.5 wt%)1¥
that the DPPC molecules form inverted micellar
aggregates trapping a pool water phase. The forma-
tion of micelles in nonaqueous solvent is suggested to
be affected by a trace amount of water existing in the
solvent.23 In the present system, appearance and peak
height of the endothermic change illustrated in the
DSC thermogram Fig. 1-C-a were quite sensitive to
water content in the 1-octanol liquid membrane phase
(unpublished observations).

To confirm the participations of DPPC inverted
micellar aggregate in the cation transport across liquid
membrane, the micelle formation was detected directly
by means of the photon correlation spectroscopy. The
mode of temperature dependences of the relaxation
time constant obtained from the analyses of laser light
scattering measurements on the DPPC-1-octanol
membrane fluid samples saturated with water or
aqueous NaCl solution is shown in Fig. 1-D. In case
of the samples with pure 1-octanol as well as the sam-
ples without DPPC, none of the evidence indicating
aggregate formations was obtained. The DPPC
inverted micellar diameter at 18°C can be estimated
approximately at 0.1 um, on the assumption of a for-
mation of spherical aggregates. As illustrated in Fig.
1-D, the curve relating the relaxation time constant
with temperature shows a distinct change of slope,
and, accordingly, indicates an alteration of the
temperature dependences of diffusion coefficient of the
DPPC aggregate at around 18°C. Possible mecha-
nisms to decrease the diffusion coefficient of DPPC
inverted micellar aggregate in lower temperature
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region are increases in micellar diameter, changes in
micellar shape, fusion of micellar aggregate, etc. It
was reported that the inverted micellar size increases
with decreasing solvent dielectric constant and with
lowering temperature.® An increase in micellar
diameter due to the fusion of DPPC aggregates is pos-
sible in relation to the decrease in water solubility into
1-octanol. Changes in the surface charge conditions of
DPPC aggregates are also possible in addition to these
mechanisms.

The present results, especially the DSC and light
scattering investigations demonstrating the impor-
tance of trace water content in the present liquid
membrane system, suggest that the DPPC molecules
form inverted micellar aggregates and function as a
multimolecular cation carrier across the liquid mem-
brane phase. Cations are thought to be transported by
means of the trapping into a pool water phase as well
as of the binding to the phosphate charges on the
inverted micellar surface. The multimolecular ion
carrier is expected to serve more possibilities to regu-
late membrane transport processes than the usual
unimolecular ion carrier as shown in the present
results, in which the effects of temperature on mem-
brane permeability to Na*t are demonstrated based on
the endothermic phase transition of the DPPC
inverted micellar aggregates. A detailed description of
the phase behavior of the DPPC-1-octanol-trace water
system requires further careful experiments, since the
contents of trace amount of water seem to play a criti-
cal role for the phase behavior and the contributions to
the liquid membrane transport. These experiments
are also required for more direct evidence indicating
the existence of the DPPC inverted micellar aggregates
in the liquid membrane phase. The phase behavior
studies of phospholipid-water system with and with-
out addition of organic substances have been carried
out extensively. For better understanding of the bio-
logical importance of phospholipids, however, syste-
matic investigations on the phase behavior of
phospholipid-organic solvent with trace water system
are required. In the context of an existence of trace
amount of water within membrane phase, the liquid
membrane systems containing inverted micellar
aggregates as an ion carrier provide an interesting
model system to analyze the ion transport mechanisms
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of highly hydrophobic fluorinated ion-exchange
membrane,!617 of which technological importance in
membrane utilizing process is recognized in these days.
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