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Abstract
Biological cell membranes are complex structures containing mainly lipids and proteins. Functional aspects of such membranes are usually attributed to membrane integral proteins. However,
it is well established that parameters of the lipid matrix are modifying the function of proteins.
Additionally, electrical capacity and conductance of the plain lipid matrix of membranes are contributing directly to cellular functions as there is, for example, the propagation of action potentials.
Accordingly the dependence of these parameters on changes of gravity might be important in the
field of life sciences under space conditions. In this study consequently we have performed experiments in parabolic flight campaigns utilizing the patch-clamp technology to investigate conductance and capacity of plain lipid vesicle membranes under conditions of changing gravity. Both
capacity and conductance were found to be gravity dependent. The changes in capacity could be
contributed to changes in membrane geometry. Significant permeability in plain lipid membranes
could be only observed at high potentials, where spontaneous current fluctuations occurred. The
probability of these fluctuations was gravity dependent.
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1. Introduction
Biological systems are known to interact with gravity on different levels of organization, from the whole organ*
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isms [1] [2] to cells [3], to membranes [2] and even down to the function of single proteins, especially ionchannels [4]-[6]. Nevertheless, related to the question how membranes and single protein function are affected
by gravity there are still a variety of problems existing in interpretation, which concern the basic underlying
mechanisms. Membranes are complex systems mainly being composed of lipids and proteins. Usually membrane function is contributed to the proteins which, however, might be affected by the physic-chemical parameters of the lipid matrix. This is exclusively assumed in case of membrane conductance which is stated to be the
result of integral membrane proteins involved in ion-transport across membranes [7]. Necessarily, in case physicochemical parameters of membranes themselves are gravity dependent, this seriously would change the cellular response to changes in gravity. As a consequence it should be asked whether plain lipid membranes do interact with gravity. Parameters of such plain lipid membranes being of interest are conductance and capacity.
The conductance of plain lipid membranes is usually low, but at high potentials current fluctuations have been
shown to be present [8] [9]. Also, it has been shown that in the temperature range of phase transitions current
fluctuations show up even at lower potentials [10]. Both findings indicate that a shift in the phase state of the lipid membrane might result in significant conductance changes, possibly due to dielectric breakdown of the
membrane [11] or due to the introduction of phase boundaries.
The capacity of membranes is depending on geometry (area) and on thickness, both parameters are usually
only changing on a longer time scale [12], but also on applied potential and phase-state.
Both, membrane conductance and capacity are involved, for example, in the propagation of action potentials
[12]-[16] which have already been shown to be gravity dependent in their parameters [17] [18]. Thus, a gravity
dependence of membrane conductance and capacity would in example force changes in action potential parameters, and of course a wide range of other membrane related biological functions.
A well-established method to measure membrane conductance and capacity of cellular membranes is the planar patch-clamp technique [19] [20], which has been adapted to parabolic flight conditions in previous studies
[2]. It easily can also be used with plain lipid vesicles, in this mode it is equivalent to a bilayer set-up [21] [22].
Thus, in this study a semi-automated patch-clamp set-up is used in parabolic flight missions to detect possible
changes in plain lipid bilayer conductance and capacity related to gravity changes.

2. Materials and Methods
2.1. Materials
All substances and solvents used in the experiments were purchased from Sigma-Aldrich at least of p.a. grade.
Distilled water was from a laboratory distillery. Asolectin, a lipid extract from soybean membranes enriched in
phosphatidylcholine, was purchased from Sigma-Aldrich.

2.2. Vesicle Preparation
For the preparation of the vesicles, lipids (20 mg/ml) were dissolved in a solvent-mixture (chloroform: methanol
2:1). The fluorescent dye DPH (10 µM, dissolved in Chloroform) was also added. 9 ml of this solution were
filled in a flask and the solvent-mixture was removed in a rotary evaporator (400 mbar, 1 h) until the lipid was a
thin film. To remove the last residue of solvent, the flask was stored in a desiccator for 2 h. Afterwards the lipid-film was rehydrated with 9 ml of buffer (100 mM KCl, 10 mM Tris, pH 7.4), until the lipid has completely
come off the wall. The solution was stored overnight in a fridgeat 4˚C. The rehydrated lipid was sonicated for 30
min and afterwards centrifuged for 10 min (2800 g) at room temperature (23˚C ± 1˚C). For a usable vesicle
concentration, the supernatant was diluted 1:10 with buffer. All the procedures were done with a minimum of
light.
The liposomes were prepared before the flight and 300 µl of liposome solution were filled into the wells of
the plate. Additionally the reference wells were filled with aqueous solution, and then the plate was tightly
sealed by an adhesive plastic foil. For the liposome measurements the plate reader was set to the top-read mode.

2.3. Patch-Clamp Set-Up
The experiment is designed on the basis of a Nanion Port-a-Patch [21] set-up, which has been used previously in
patch-clamp experiments in parabolic flight missions [2]. This set-up is used to do experiments with plain lipid
vesicles, whichis equivalent to bilayer experiments. It was constructed following the rules for experimental
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equipment in parabolic flight campaigns [23].
The set-up consists of two racks, one containing the computer and part of the electronics. The other rack
houses the box in which the bilayers experiments are done and the patch-clamp amplifier. Bilayers are made in
the set-up from vesicles which are spread on a chip. The vesicles are made from asolectin previous to the flight
in the lab on an apparatus designed for this purpose from Nanion (Vesicle Prep Pro) with diameters of about 10
to 20 µm. The vesicle suspension is applied to the chip, one vesicle is attached to a small hole in the chip by
slight low-pressure pulses, the vesicle is stripped of and a planar membrane remains attached to the chip over the
hole, allowing classical electrophysiological studies of this plain lipid membrane. In this situation membrane
capacity and conductance are continuously monitored at different gravity levels in the voltage clamp mode. In
part of the experiments, trains of voltage pulses of constant height were applied to the bilayer to thus record its
capacity. The temperature of the experiments was 23˚C ± 1˚C. A photo of the set-up is given in Figure 1.

2.4. Gravity Levels
Gravity levels were used as given by the flight protocol of the parabolic flight mission, thus at 1 g, ~1.8 g, and
microgravity with ~9 × 10−3 g (Novespace, 2009).

2.5. Data Evaluation
Current recordings at fixed potentials, with and without voltage pulses applied for capacity measurement, were
stored on computer using software from Nanion (Munich, Germany) and Heka (Lambrecht, Germany).
The capacity in traces with voltage pulses applied is reflected by the height of the capacitive current spikes.
The height of these pulses was averaged for 20 sec periods each, for 1 g, hypergravity and microgravity phases,
and relative changes compared to1g as reference were calculated from these data.
In current traces recorded under voltage clamp conditions without additional voltage pulses, the mean current
fluctuation density was integrated after removal of the constant leakage level for intervals of 20 sec, again for 1
g, hypergravity and microgravity. The 1 g value was set as reference, and the results are given relative to this
value. Data from two parabolic flight days were used. Out of the given 62 parabolas, 17 have been used at the
given potential of 120 mV. A paired t-test was applied to test for statistical significance at a significance level of
0.05.

3. Results
In Figure 2 a typical recording of a current fluctuation at a potential of 120 mV is given. Constant voltage
pulses are superimposed to the clamping potential in this experiment, resulting in typical capacitive spikes
which can be seen in the recording. The height of these spike has be used to obtain a relative measure for membrane capacity under different gravity conditions (see materials and methods section). Also, some current

Figure 1. Semi automated patch-clamp (bilayer) set up for parabolic flights based on a Nanion Port-a-Patch system in
flight configuration. The patch-clamp set-up itself (right) and the data acquisition system (left) are placed in separate flight
racks. 19-inch-rail components have been used. The photo on the right shows the interior of the experimental chamber.
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Figure 2. Current recording from an asolectin bilayer at 120 mV with superimposed pulseprotocol for capacity recording. To give a better assignment to the gravity level, a smoothed
recording of the actual gravity level of the used parabola is given above the current recording.

fluctuations induced by the relatively high potential can be seen between the spikes, which are less frequent at
lower gravity.
From recordings as given in Figure 2, the relative membrane capacity, compared to 1 g, was calculated for
hypergravity and for microgravity. The data from a typical parabola are given in the sketch in Figure 3. As it
can be seen, changes are not really significant, but when at all, this is due to changes in the geometry (and area)
of the bilayer as sketched above the trace.
In Figure 4 in a bar graph, the relative fluctuation density of asolectin bilayers at high membrane potential is
given depending on gravity. Data were averaged as stated in the methods section for 17 parabolas. As is obvious
from Figure 4, fluctuation density decreases towards lower gravity. The changes are statistically significant
(paired t-test at a significance level of 0.05).

4. Discussion
As is obvious from the results section, both capacity and conductance of plain lipid membranes (bilayers) are
depending on the given gravity level. The capacity is slightly bigger than the 1 g comparison level at both hypergravity and microgravity. Assuming that the bilayer is flat on the glass support of the patch-clamp chip under
normal gravity, at lower gravity the bilayer might be slightly curved in upside direction due to the missing force
of the water-column. Under hypergravity the water-column has more weight and thus the bilayer might be
curved in downwards direction. The effect measured, however, is statistically not significant. Additional effects
might be given due to possible changes in the fluidity and thus thickness of the bilayer [24]. Unfortunately, these
effects cannot be separated here, however, this possibly can be done in later studies combining electrophysiological with optical methods.
Having a look at the propagation of action potentials along axons, it is found that they slow down under microgravity [17], and speed up at hypergravity. The propagation velocity of action potentials is dependent among
other on membrane capacity and on the cross section area of the involved conducting structure. Both are influenced by the gravity level, which should contribute to the explanation of previous results [2] [17].
Membrane conductance of plain lipid bilayers usually is low under physiological conditions. Nevertheless, at
high applied potentials current fluctuations can be induced [9] which by some authors are interpreted as lipidchannels [8]. Similar fluctuations, but at more physiological potentials, can be induced in lipid membranes in the
range of the phase transition temperature [10] and by addition of hydrophobic substances to the membranes [11]
[25]. In all cases these fluctuations are best explained by defects in the membrane structure. In our experiments
we induced such current fluctuations by relatively high potentials, >100 mV, and found a decrease of fluctuation
density towards lower gravity levels. In previous experiments [24] we have shown that membrane fluidity increases towards lower gravity. This higher fluidity at microgravity might help to faster (better) close potential
induced defects in the membrane structure.
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Figure 3. Capacity changes of a bilayer depending on gravity in a parabolic flight. Changes
are not significant. Possibly there is a small effect of gravity on bilayer curvature as sketched
above the trace.
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Figure 4. Current fluctuation density at high membrane potential in asolectin bilayers at different gravity levels. Current fluctuation density induced by high potentials is reduced at micro-gravity(*p ≤ 0.05).

The physiological relevance of this finding is not so obvious, but in case of hydrophilic substances, for example, a variety of pharmacological relevant drugs are incorporated in the membranes, these also induce structural
defects, now at physiological relevant potentials. These defects would be partially restored by microgravity,
possibly changing the action of such drugs.
The need of related studies, especially concerning space-pharmacology [26], is an obvious consequence of
our findings.
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