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Synopsis. A trianionic fluorescent probe, pyranine,
was found to bind to positively charged liposomes as evidenced
by a linear increase in the fluorescence polarization with the
liposome concentration. Addition of perchlorate ion reduced
the polarization of fluorescence, suggesting that perchlorate
and pyranine compete for the same binding site on the surface
of cationic liposomal membranes.

A knowledge of properties of membrane surface is
essential to understand various phenomena occurring
on membranes, because in biological systems most of
events begins with the adsorption of a substance onto
and permeation into membranes.))? The surface of
liposomal membranes as well as natural biomembranes
has been characterized by a variety of techniques such
as NMR? or neutron diffraction.®) A focus has been
on the negatively charged membranes to which cations
bind through electrostatic interaction with a different
degree of specificity.4=% In this work we would like to
describe the interaction of positively charged liposomes
with an anionic fluorescent probe, pyranine (trisodium
8-hydroxy-1,3,6-pyrenetrisulfonate), by means of fluores-
cence polarization. An advantage of utilizing this
particular probe lies in the fact that it emits strong
fluorescence at 510 nm and that it can bind to a charged
membrane surface through the electrostatic interac-
tion.””® When the probe adsorbs onto the membrane
surface the molecular motion of the probe will be
depressed, possibly giving rise to a significant increase
in the polarization of fluorescence.

Experimental

Pyranine was obtained from Eastman Kodak Co. and its
purity was assessed before use by TLC on silica gel in butanol-
water (6 : 1 by volume). Its concentration was determined
on the basis of molar extinction coefficient of 1.02 x 10* M-
cm~! (1 M=1moldm=3) at 405nm. Single-compartment
liposomes of egg lecithin were prepared as described pre-
viously.®»1® In the preparation of positively charged liposo-
mes, hexadecylamine (20 mol%, to lecithin) was added.®
The pH of the liposome suspension was adjusted to 5 with
either 0.6 mM CH,CO,H-1.4 mM CH;CO,Na or 5.4 mM
HCIO0,-9.6 mM NaClO,. Fluorescence spectra were taken
on a Hitachi 650-10 spectrofluorometer with 1 nm bandpaths
for both excitation and emission sides. Fluorescence polariza-
tion was determined on a Union FS-501 fluorescence depolar-
ization instrument which was connected to a Sord Micro-
computer M 200 Mark II. Pyranine was excited at 405 nm
and its fluorescence polarization was determined at 510 nm!V
The vertical and horizontal components of the emission were
funneled through a Y-46 cut-off filter (509, transmittance at
460 nm). Fluorescence polarization is defined by Eq. 1:9
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where C; is the grating correction factor'V and I stands for the
collected intensity of fluorescence at parallel and perpendicular
positions of the polarizer.  Subscripts V and cH refer to
vertical and horizontal beams, respectively. For example,
I, means the intensity of horizontal component of fluorescence
when excited by the vertically polarized beam. All measure-
ments were made at 25.0 °C under aerobic conditions.

Results and Discussion

The polarization of pyranine fluorescence was
determined in the presence of neutral or positively
charged liposomes in an aqueous buffered solution
(pH 5) containing acetate or perchlorate ions (Fig. 1).
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Fig. 1. Fluorescence polarization of pyranine as a func-
tion of egg lecithin concentration at pH 5 and 25.0 °C.
Experiments were carried out using neutral liposomes
in an aqueous acetate (A) or perchlorate (@) solution
and positively charged liposomes in an aqueous acetate
(A\) or perchlorate () solution. The concentration of
pyranine was 2x 10~ M in all the runs.

For neutral liposomes the polarization did not vary over
the liposome concentration range studied. This trend
was common to the two salts adopted. These results
indicate that no significant interaction takes place
between pyranine and neutral liposomes. In the case
of cationic liposomes in an acetate buffer, on the other
hand, the polarization of pyranine fluorescence increased
linearly with increasing liposome concentration.
However, this was not the case for the perchlorate
solution, suggesting that perchlorate ion interferes with
the adsorption of pyranine onto the liposome surface.
This was confirmed by the following experiment. When
sodium perchlorate was further added to a cationic
liposome suspension containing pyranine and acetate
ion, the polarization decreased with an increase in the
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TABLE 1. EFFECT OF PERCHLORATE ANION ON THE FLUORES-
CENCE POLARIZATION OF PYRANINE IN THE EGG LECITHIN
SINGLE-WALLED AND POSITIVELY CHARGED LIPOSOME
suspPENSION AT 25.0 °C anp pH 5%

[NaClO,]/M px 10
0 5.0(1.1)»

2.0x10-3 2.9

6.1x10-2 1.9(1.2)

a) A liposome suspension contains 0.10 M NaCl, 1.4
mM CH,CO,Na, and 0.6 mM CH,CO,H. [Pyranine]
=2.0x10-°M; [Egg L]=2.4x10-¢ M. b) Numbers
in parentheses are p-values of pyranine in the absence
of liposomes.

perchlorate concentration (Table 1).

From the result that the polarization of pyranine
increases in the presence of cationic liposome, it is now
evident that pyranine binds to the surface of positively
charged liposomes through the electrostatic interaction
and consequently the molecular motion of the probe is
considerably hindered. It is of special interest that
perchlorate ion competes for the same binding site
whereas acetate ion does not. This difference seems to
arise from the difference in the mode of hydration to
these anions. It is presumed that the hydration to
perchlorate is weaker than that to acetate, because the
charge delocalization is more extensive for the former.12)
This means that the weakly hydrated perchlorate ion
may more easily form an ion pair with (more strongly
binds to) the positive site of liposomal membranes.
Certainly, the binding of these anions to positively
charged liposomes follows a closely similar order to
that for their interaction with anion exchange resins!®
or acetyltetraglycine ethyl ester;'¥ perchlorate>
sulfonate >acetate. The high lyophilicity as well as
trianionic character of pyranine may make the probe
to show the affinity for the cationic membrane surface.

It should be mentioned that the emission maxima
and intensity of fluorescence from pyranine were not
much affected upon the binding to liposomes. Thus
the relative ratio of fluorescence intensity in the presence
and absence of liposomes, I/1;,, changed by less than 109,
over the egg lecithin concentration range ~400 pM.
The relative intensity was also independent of the probe
concentration at least in a range of 1—5 pM. These
results imply that quenching of pyranine fluorescence
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upon the binding to liposomes is negligible under the
present experimental conditions. This is in contrast
to the previous findings in which the concentration
quenching of fluorescence was observed through the
ionic probe aggregation on the surface of charged
membranes.1%16) This also supports the contention that
hexadecylamine molecules are dispersed evenly in the
phospholipid bilayers and that no significant phase
separation occurs even by the adsorption of the poly-
anionic probe.
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