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Summary

Osmotic gradient across the membrane of nonsonicated liposomes and
rose petal protoplasts are shown to induce swelling. Concomitantly, the lipid
fluidity as measured by fluorescence depolarization is increased, probably due
to increase in molar free volume. It is suggested that osmotic swelling can af-
fect cell physiology via changes in membrane fluidity.

The most prominent physical effectors of membrane fluidity are tempera-
ture [1,2], pH [3], multivalent ions [1] and the effective molecular volume [4].
The latter is modulated under conditions naturally occurring in vivo upon
changes in the tonicity, which determines cell and organelle volume [5—8]. In
the present communication we describe the effects of osmolarity gradients on
the fluidity of nonsonicated phospholipid vesicles, as well as plant protoplasts,
which accompanied the volume changes.

Nonsonicated multilamellar liposomes were prepared from mixtures of
egg phosphatidylcholine (Makor Chemicals), phosphatidic acid (Lipid Products)
and cholesterol (BDH) at different proportions. The dry lipid mixtures were
suspended by a Vortex mixer in an aqueous solution containing 2 M sucrose
(Merck; for density gradients) following the technique of Bangham et al. [9].
Plant protoplasts were isolated from young rose petals (cv. Golden Wave) by
enzymatic digestion, as previously described [10] and resuspended in 0.6 M
mannitol.

Suspensions of phospholipid vesicles (1 mg lipid/ml) and protoplasts
(10° cells/ml) were labelled with 10~¢ M 1,6-diphenyl-1,3,5-hexatriene (DPH,
Fluka) by a rapid dilution of 2:10~* M DPH in tetrahydrofuran into the
aqueous mixture, followed by incubation at 37°C for 30 min. Osmotic
gradients were created by diluting the above stock suspensions to yield a final
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concentration of 0.1—0.2 mg lipid/ml and 5-10* protoplasts/ml, respectively,
in the solution of the desired tonicity. The resulting liposome suspensions were
immediately used for absorbance measurements at 450 nm to determine
changes in scattering which stem from volume variations [9]. When swelling
was completed, about 60 min after preparation, fluorescence polarization
measurements were performed, using an instrumentation and technique com-
prehensively described elsewhere [2]. The results were expressed as [(ro/r)—1]7!,
where r, and r are the limiting and the measured fluorescence anisotropy, re-
spectively. Excited state lifetime was measured at 20°C under argon with a
pulse sampling instrument [11] followed by a deconvolution analysis.
Fluorescence polarization of single intact protoplasts was measured with a
Single Cell Microviscositometer (SCM, Elscint) [12].

Unlike single walled liposomes [13], multilamellar liposomes were shown
to be osmotic sensitive and to obey the Boyle-Van ’t Hoff law [9]. When an
osmotic gradient is created, such liposomes change their volume by swelling or
shrinking.

Results on the swelling of egg phosphatidylcholine liposomes, with and
without cholesterol are summarized in Table I. The swelling was found to
proceed for a few minutes until reaching an equilibrium volume, which per-
sisted for over 24 h. The initial swelling rate was slower in the presence of
cholesterol, in accord with published data [14]. Swelling of rose protoplasts
was achieved by transferring them from 0.6 M to 0.3 M mannitol. The swelling
was followed microscopically, and at the equilibrium stage, which was reached
after a few minutes, the average radius increased from about 25 to 50 um, which
is in agreement with published data [5].

Swelling was associated with decrease in the fluorescence anisotropy of
the liposome suspensions, as demonstrated in Fig. 1. This was true for both
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Fig. 1. The correlation between the osmotic gradient and the fluidity parameter [(ry/r) — 117! in non-
sonicated liposomes of egg phosphatidylcholine /phosphatidic acid (95: 5) without cholesterol (0—o0)
and with 50% cholesterol (X—X) and in rose petal protoplasts (0—0D).
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types of liposomes, though those containing cholesterol exhibited higher

values of fluorescence anisotropy as expected [1,2]. The lifetime of the ex-
cited state was measured and found to be 7.9 £ 0.1 ns, independent of the
degree of swelling. Hence, the observed decrease in the fluorescence anisotropy,
which accompanied the swelling, indicated an increase in the ‘fluidity’ of the
hydrocarbon regions in the liposomes [2], and can be attributed to an increase
in the molar free volume of the lipid constituents. Similar results were ob-
tained upon substituting the sucrose with either mannitol or KCl.

Different instrumentation was required to perform fluorescence depolar-
ization measurements of protoplasts upon swelling. Since exposure of plant
protoplasts to hypotonic surrounding results in a high percentage of lysis,
measurements had to be done on individual intact protoplasts. This difficulty
was overcome by using the SCM manually. The results of a representative
experiment (out of 8) are shown in Fig. 1. Similarly to the multilamellar
liposomes, plant protoplasts exhibited lower fluorescence anisotropy upon
swelling.

Osmotic gradients affect cell volume in both plants and animals [5—8],
and generate a series of physiological events, such as increased ion transport
[6,15], increased leaking of metabolites [16] and changes in membrane
potential [5].

The results described in this communication raise the possibility that the
overt changes in membrane function by swelling are mediated, to a major
extent, by an increase in lipid fluidity.

The authors wish to thank Dr. A. Gafni for the excited state lifetime
measurements.
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