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Time-resolved fluorescence on unilamellar vesicles shows that increasing amounts of anionic,
natural lipid lead to a larger increase in polarity close to the headgroups than in the hydrophobic
core of the bilayer. The region close to the headgroups is less polar in vesicles containing phosphatic
acid rather than phosphatidylserine. A greater membrane curvature increases the mobility of the

hydrated headgroups.
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INTRODUCTION

Lipid composition and curvature are not only fun-
damental physicochemical parameters of membranes, but
also regulating factors in enzymatic processes. In this
work the effect of both lipid headgroup and vesicle size
on the fluorescence decay of fluorophores and thus on
membrane polarities is investigated. Furthermore, sol-
vent relaxation times are determined to characterize the
mobility of the hydrated headgroups.

MATERIALS AND METHODS

Phosphatidylcholine (PC) was isolated as described
[1]. Phosphatidylserine (PS), phosphatic acid (PA), and
dipalmitoylphosphatidylcholine (DPPC) were purchased
from Fluka. The purity of lipids was checked by thin-
layer chromatography. Small unilamellar vesicles (SUV)
and large unilamellar vesicles (LUV) were prepared ac-
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cording to Refs. 2 and 3, respectively. Size distributions
were determined precisely by dynamic light scattering,
using the experimental setup, data collection, and data
analysis described elsewhere [4]. The fluorophores 2-
and 12-(9-anthroyloxy)stearic acid (2-AS, 12-AS), 1-(4-
trimethylammoniumphenyl)-6-phenyl-1,3,5-hexatrien
(TMA),1,6-diphenyl-1,3,5-hexatriene (DPH), and 2-p-
toluidinylnaphthalene-6-sulfonic acid {TNS) were ob-
tained from Molecular Probes. Fluorophores dissolved
in EtOH were added after vesicle preparation (lipid/fluo-
rophore ratio, 400:1; lipid concentration, 1 mmol). The
fluorescence decays were determined using single-pho-
ton counting equipment (Edinburgh Instruments 199 §).
Data collection (A, = 337 nm and A., = 430 nm,
except for TNS) and data analysis were carried out as
published [5]. Steady-state anisotropies were obtained
using an Aminco Bowman II spectrometer.

RESULTS AND DISCUSSION

Influence of Natural, Anionic Lipids on
Fluorescence Decay and Steady-State (ss)
Anisotropies of 2-AS, 12-AS, and TMA in SUV

SUV composed of DPPC and different amounts of
the natural, anionic lipids PS and PA were prepared.
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The vesicles were labeled with 2-AS, 12-AS, and TMA,
respectively. Excellent fits were obtained for all inves-
tigated systems using biexponential analysis. For PS/
DPPC as well as for PA/DPPC vesicles, increasing
amounts of anionic, natural lipid shorten the fluores-
cence lifetimes. This is shown for TMA in PS/DPPC
vesicles by the average decay times [6] in Fig. 1. The
effect is larger for 2-AS and TMA than for 12-AS as
demonstrated in Table I. The decrease in the lifetimes
of TMA (Fig. 2) and 2-AS (not shown) with increasing
anionic, natural lipid content is significantly larger for
PS than for PA. No significant differences for 12-AS
between PS- and PA-containing vesicles were measured.
Increasing amounts of anionic, natural lipid lead to a
comparable decrease in the ss anisotropies for all dyes.
Very similar results were obtained for PS and PA.
Increasing amounts of anionic, unsaturated lipid in-
crease not only the fluidity, but also the polarity within
the membrane. The increase in polarity with higher PS
and PA contents is larger close to the interface (TMA,
2-AS) than in the hydrophobic core of the bilayer (12-
AS). Since the anisotropies for PA/DPPC and PS/DPPC
vesicles are comparable and the AS dyes are highly sen-
sitive to polarity, the smaller reduction in the decay times
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Fig. 1. Average decay times of TMA in PS/DPPC SUV as a function

of PS content and temperature: (@) 100% DPPC; ( B ) 80% DPPC/
20% PS; (A) 50% DPPC/50% PS; ( 4 ) 20% DPPC/80% PS.
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Table 1. Percentage Decrease in Average Decay Times for 12-AS,
2-AS, and TMA in PS/DPPC SUV Due to Increasing PS Content
(T=25°C)

Percentage decrease

20% PS/ 60% PS/ 80% PS/
80% DPPC 40% DPPC 20% DPPC
12-AS —4 -6 -6
2-AS ~12 -18 —26
T™MA -12 -36 —48

“The reference was the decay time in 100% DPPC SUV.
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Fig. 2. Decrease in average decay times for TMA in PS/DPPC SUV
(open symbols) and PA/DPPC SUV (filled symbols), respectively, due
to increasing PS or PA content. The reference was the decay time in
100% DPPC SUV. (@) 100% DPPC; ( B ) 80% DPPC/20% anionic
lipid; (A) 50% DPPC/S0% anionic lipid; ( € ) 20% DPPC/80%
anionic lipid.

for PA/DPPC systems (Fig. 2) indicates a lower polarity
in the region close to the headgroups than in the PS/
DPPC systems. This specific headgroup effect may be
explained by strong intermolecular hydrogen bonds be-
tween PA headgroups and therefore closer headgroup
packing. Thus the hydration of the headgroups may be
lower for the PA- than the PS-containing vesicles, ex-
plaining the lower polarity in the PA systems.



Solvent Relaxation Kinetics in Unilamellar Vesicles
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Fig. 3. Temperature dependence of the decay time of the mean relaxed
state, Tpos, Of TNS in large (@) and small (A) vesicles and of the

solvent relaxation time, 1., of TNS in large (O) and small (A) vesi-
cles.

Influence of Membrane Curvature on the Decay
Times of 12-AS and DPH and on the Solvent
Relaxation Time of TNS

To investigate membrane curvature effects, two types
of PC vesicles with a defined size distribution (SUV—
average mass-weighted radius, r; = 11 nm, distribution
width Ar, = 2.9 nm; LUV—r, = 125 nm, Ar, =
31 nm) were prepared.

The mobility of the hydrated headgroups was in-
vestigated by the solvent relaxation time t, of TNS,
which is adsorbed at the lipid-water interface region of
membranes. The fluorescence decay was measured at
the red edge of the emission spectrum (A, = 520 nm).
It is well described by a biexponential decay law. Due
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to solvent relaxation one preexponential factor is nega-
tive. From the decay times 7, and 7, the solvent re-
laxation time T, was calculated according to [7]

1/’Tneg = (1/Tpos) + (1/Tsr)

As shown in Fig. 3, 7., which represents the decay
time of a mean relaxed state [7], is independent of the
vesicle size and decreases with increasing temperature.
This indicates an identical TNS localization in systems
with different membrane curvatures. However, 7, is up
to 1 ns (corresponding to almost 100%) faster in SUV
than in the larger vesicles. This may be explained by the
lower packing density and hence higher mobility of the
hydrated headgroups at the outer surface of the highly
curved SUV membrane. The discussion above is focused
on those TNS molecules that are adsorbed to the outer
surface, since the negative charge of TNS prevents fast
diffusion to the inner leaflet and the observed decay be-
havior remained constant within 24 h at 40°C. The fiu-
orescence decays of DPH and 12-AS were biexponential
and independent of the size of vesicles for the temper-
ature range examined (1-50°C). Therefore membrane
curvature does not affect the polarity deep inside the
bilayer.
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