


FIGURE 8 Molecular model depicting location of PCP- in DPPC membranes in the gel (a) and the fluid state (b).
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dielectric constant of -3 because the adsorbed ion is
primarily in the hydrocarbon environment with only a few
solvated water molecules present. In contrast, for shallow
adsorption, above the region of glycerol backbone of
phospholipids and within the polar head groups the
dielectric constant is expected to be significantly greater,
-30.
We have shown by the horizontal dotted lines in Fig. 7

the range of dielectric constants of special significance.
Constants between 8 and 10 were obtained for PCP-
adsorbed in egg-PC membranes from the analysis of the
shifts of UV absorption spectra of ionized PCP by means

of Onsager-like models (8). For P, = 5 nm2 curve the
vertical dotted lines delimit the adsorption depth of
0.4-0.5 nm. Although the experimental values of the
adsorption site areas have not been determined accu-

rately, the ranges of the dielectric constant, 8-10, and the
adsorption depth, 0.4-0.5 nm, are consistent with the
range of adsorption site areas, 4-6 nm2, corresponding to
our experimental values as indicated by the upper and
lower curves.

The selection of a dielectric constant of -10 for the
membrane boundary region is supportable by other re-

sults. For optical probe merocyanine-540 it was estab-
lished that the local dielectric constant within the chro-
mophore adsorption region is 6-8 for PC and 8-10 for PS
(32).

Localization of adsorption site of
PCP-, TPhB-, and DPA-
The mobile discrete charge model assumes the existence
of a sharp interface between the conductive aqueous
medium and the membrane. The question arises as to
where to locate this interface since the adsorption depth I
is referenced to it.

There are numerous characteristic planes defined for
the lipid membranes whose position is highly relevant for
the interpretation of the x-ray and neutron diffraction
data (33). A consensus has been developed to locate the
hydrophobic/hydrophilic boundary close to the first CH2
group of the hydrocarbon chains (34, 35). We have
assumed various locations of the interface and found that
there is a satisfactory overall consistency if the interface is
placed at the carbonyl oxygen group of the deeper
penetrating hydrocarbon chain. By this assignment we

are identifying the conductor/dielectric interface of the
model with the location of the water penetration level
proposed earlier by Simon and McIntosh (34). This
results in placing the charge centers of PCP-, TPhB-,
and DPA- at the level of the third and fourth carbons of
the hydrocarbon chains. The location of PCP- within the
DPPC membrane in the gel and fluid state is shown in
Fig. 8 using the molecular models.

There are several results in the literature identifying
the location and properties of the adsorption of lipophilic
ions in membranes. In a theoretical study (13), the
optimum parameters used in the dipolar model, which
predicts satisfactorily the change in Gibbs free energy on
adsorption of TPhB- and TPP+ (Table 2 in reference 13),
are a dielectric constant of 10 and the location of the
adsorption layer 2 nm from the center of membrane, i.e.,
also below the region of carbonyl oxygens. In another
study, the decrease of the transmembrane translocation
rate constant of DPA- with the increase of its aqueous
concentration was explained in terms of a discrete charge
model of the interface (10) similar to ours. The increase of
the translocation rate constant resulted in an empirical
relationship between the depth of adsorption and the
dielectric constant of the membrane boundary region.
These were l(nm) = 0.025 Em for the dioleylphosphatidyl-
choline and l(nm) = 0.06 em for the GMO/Chol mem-
branes. Using our adopted range of dielectric constants
8-10, the predicted adsorption depths are 0.2-0.25 nm for
the former and 0.5-0.6 nm for the latter membranes. Our
values of adsorption depth 0.4-0.5 nm fall within the
range derived from their empirical relationships.

Free energy of adsorption of PCP,
DPA-, and TPhB- on DPPC
membranes
We have assumed according to reference 19 the width of
the adsorption layer to be 0.4 nm and determined the
Gibbs free energy changes associated with the adsorption
of PCP-, DPA-, and TPhB- to DPPC membranes in the
gel and fluid states (Table 2). There are several notable
features of these results. The free energy changes for the
adsorption of DPA- and TPhB- are the same within the
experimental errors. This applies both to the gel and the
fluid states. The differences between AG' values, AAG' =
AG' (gel) - AG' (fluid) for DPA- and TPhB- are about

TABLE 2 Gibbs free energy of Ion adsorption to DPPC
membranes

AGO

kcal/mol
PCP-

gel -4.9 ± 0.4
fluid -6.7 ± 0.1

DPA-
gel -7.2 ± 0.25
fluid -8.3 ± 0.18

TPhB-
gel -7.4 ± 0.4
fluid -8.3 ± 0.15
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the same (- 1 kcal/mol or 43 meV/ion) despite the very
different shapes of these molecular ions. In contrast, for
PCP- we found a much greater difference, 1.8 kcal/mol
(78 meV/ion). PCP- is a smaller molecule than DPA- or
TPhB-, and resembling a disk. Therefore it is possible
that the entropy change on adsorption of PCP to a
membrane in the gel state is smaller than that in the fluid
state. The behavior of PCP and other small biologically
active molecules in lipid matrix as a function of conforma-
tional order of membrane lipids is an interesting problem
in view of the lipid matrix-mediated mechanism of
biological activity (36). Better insight into the thermody-
namics of binding of PCP to lipid bilayers can be obtained
from the measurements of the temperature dependence of
the adsorption parameters for the gel and fluid mem-
branes.
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