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Stable planar membranes have been obtained from the bipolar lipid glycerol dialkyl nonitol tetraether (GDNT)
extracted from the thermoacidophilic archebacterium Sulfolobus acidocaldarius. The electric capacity C,, the
resistance R, and tension o of these membranes were measured. The dependence of the bipolar lipid membranes
mean life time 7, on voltage was investigated. It was shown that the irreversible electric breakdown of membranes
from GDNT and usual phospholipids is due to the same mechanism, viz., due to formation of a hydrophilic pore
with an overcritical radius, Under electric field the GDNT molecules take U-shape, and the polar headgroups of

such molecules cover the pore’s interior.
Introduction

Archebacteria are distinguished by an ability to
thrive under extreme conditions: high temperature
(80-90°C), low pH {about 2) and in saturated salt
solutions {1]. Obviously, under these conditions the cell
membrane must have a special construction which pro-
tects the cell from a fatal environment. Indeed, unique
bipolar lipids were found {2,3] in the membranes of the
thermoacidophilic archebacterium S. solfataricus.

The lipid molecules of thermoacidophils consist of
two biphytanyl residues, with 0 to 4 cyclopentanes per
chain, ether-linked at both ends to glycerol and nonitol
groups. The lipids studied are all derived from two
compounds;

(1) glycerol dialky! glycerol tetracther (GDGT) (see
Formula 1)
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(2) glycerol diaikyl nonitol tetraether (GDNT) (see
Formula 2)
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Formula 2.

where (—C4 H,,_g) represents a biphytanyl chain.

Gliozzi et al. [4-6] obtained black planar mem-
branes from the asymmetric lipid GDNT extracted
from S. solfataricus and investigated their physical and
chemical properties. The authors have cbtained some
indirect evidences for a monolaver organization of such
planar membranes (Fig. 1a). They have shown that the
thickness of the hydrophobic part of such membranes
is virtually independent of the organic solvent present
in the membrane-forming mixture {5). The weak de-
pendence of the capacity of the membranes, formed
from GDNT on the voltage applied is also in agree-
ment with their monolayer organization [51 It was
shown [4] that when a constant potential was applied to
the membranes, there might arise an asymmetry in the
distribution of glycero!l and nonitol polar headgroups
on the different sides of the membrane [6]. Thus, one
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can assume that membranes formed from GDNT are
monolayers of bipolar lipids. The absence of a fracture
plane over the hydrophobic part of membranes in
cryofractography [7,8], and the experiments on chemi-
cal labeling of lipids in vivo [9] indicate to a monolayer
organization of the cell membrane of thermoaci-
dophils.

1t can be a priori assumed that membranes formed
from such unusual lipids must have properties essen-
tially different from those of phospholipid bilayers,
One of such properties, in our opinion, can be their
electromechanical stability. The electric breakdown of
membranes is due to formation of a hydrophilic pore
(the polar headgroups of lipids cover the pore interior)
with a overcritical radius [10]. Apparently, formation of
these pores supposes joining of the two monolayers of
a bilayer through the pore’s surface. It may turn out
that the breakdown of a lipid monolayer is due to quite
a different mechanism.

In the present work we have investigated the prop-
ertics of membranes formed from GDNT, extracted
from S. acidocaldarius.

Materials and Methods

Lipids were extracted from the archebacteria S.
acidocaldarius by the method described in Refs. 11 and
12. The lyophilized biomass was extracted by 2:1 and
1:1 chloroform/methanol mixtures. The lipid extract
was treated by mixture of acetyl chloride with dehy-
drated methano! and was boiled for 6 h in reflux at
t=65°C. The substance obtained was chromato-
graphed on a Silica-gel (KSK 100-150 mesh) column
(40 x 10 mm) and was eluted by chloroform/dehy-
drated ether (92:2 and 95:5) and chloroform/ meth-
anol (9:1) mixtures. The chloroform/methanol mix-
ture eluted lipids mainly consisting of GDNT (55%).
The method of preparative thin-layer chromatography
(TLC) was used to separate different lipid components.

)
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The substances obtained had been checked on TLC
microplates. Shiff’s reagent was used as the main de-
tector of bipolal lipids. The obtained substance was
chromatographically homogeneous.

The planar membranes were obtained by the usual
method [13] from GDNT in squalene /chloroform (2:1)
and decane/chloroform (2:1) solutions with concen-
tration 25 mg/mi on a hole (¢ = 1 mm) in the partition
of a two-chamber teflon cell in the temperature range
from 45 to 80°C. The experiments were conducted in
a 0.1 M non-buffered KCl solution {pH 6.0). The area
of membranes was determined by a graduated binocu-
lar microscope. Electrical measurements were carried
out by Ag-AgCl electrodes inserted directly into the
solutions on both sides of the membrane.

The capacity was measured by the technique de-
scribed in Refs. 14 and 15.

The boundary potential difference of the mem-
branes was measured by the potentiodynamic method
[16,17).

The method of measuring the membrane life time as
a function of the voltage was described in Ref. 10.

The membrane tension ¢ was determined in terms
of the change of their capacity (i.e. area) when a
transmembrane hydrostatic pressure difference, 4P,
was created. o was calculated according to Eqn. 1.

AP-ry ] 0
RN v

where r,, is the radius of membrane, [, is the initial
value of capacitive current, / is the capacitive current

at the pressure difference AP [17].

Resuits

We have obtained quite stal!c planar membranes
formed from solutions of the native mixture of GDNT
(not separated over the degree of cyclization of biphy-
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Fig. 1. Schematic diagram of bipolar lipids packing in membrane: (a) bilayer model; (b) monolayer model; {c) and (d) hydrophilic pore formation
at electric breakdown in case of bilayer and monolayer packing of lipids, respectively. Large circles denote nonitol polar headgroups and the little
circles glycerols,



tany} chains) in squalene /chloroform (2: 1) mixtures in
the temperature range from 40 to 80 °C. In contrast to
Gliozzi et al. [4-6], we could not form membranes
from GDNT in squalene because of the extremely low
solubility of that lipid. Black film formation time was
several seconds even at relatively low temperatures,
about 45°C. During blackening the membranes were
unstable and often ruptured, but after the black film
was formed, they became quite stable. Their life time
usually was more than two hours. Membranes formed
from GDNT in decane /chloroform mixtures were less
stable.

The resistance of the membranes formed from
GDNT in squalene /chloroform mixtures at 46° C was
T,,=(1-3)-107 2 cm?, the specific capacity C,, = 7.0
+ 0.6 pF/m?, which agrees to that of the membranes
formed from GDNT in decane /chloroform (7.0 £ 0.1
1F/m?). Thus, the latter parameter is practically inde-
pendent of the solvent’s nature.

According to the potentiodynamic capacity curves,
the dependence of capacity on voltage is equally weak
for the membranes in both decane and squalene at
t =46-70°C. That is why it is difficult to determine
the difference of the boundary potentials, A¢, by the
potentiodvnamic methods [16). The tension of mem-
branes formed from GDNT was ¢ = 4.3 + 0.4 dyne /cm.

Note that in contrast to usual membranes, these
films withstand a pH gradient of 3.5-4 units during
more than one hour.

The mean life time of membranes formed from
GDNT in the squalene /chloroform mixtures as a func-
tion of voltage is shown in Fig. 2 (curve 1). Note, that
this curve is similar to those of the phospholipid bilay-
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Fig. 2. The mean life time, 7, of the bilayers as a function of initial

voltage, U. O, membranes formed from GDNT in squalene /chloro-

form mixture. ®, membranes formed from phosphatidylcholine

in decane. ®, membranes formed from phosphatidylethanolamine

in decane. The theoretical curves 1-3 are plotted according to
the Eqn. 2.
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TABLE 1

Some physico-chemical properties of lipid membranes

Lipid composition Specific capacity Tension  Line tension of

of membranes Cp (eF/m?)  a(mN/m) pore y(10~"' N)
GDNT /squalene

+ chloroform 7.0+0.6 43404 125
Phosphatidyt-

choline /decane  3.240.2 1.0+03 0.86
Phosphatidyl-

ethanolamine /

squalene 6.6+0.3 24402 166

Asolectin/

squalene 78404 22402 09

ers (curves 2 and 3). All of the three theoretical curves
in Fig. 2 are plotted according to Eqn. 2 [10]
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where A is a pre-exponential multiplier, v is the pore
edge line tension, €, = 80 and ¢, = 2 are the dielectric
permeabilities of the water solution and the hydrocar-
bon part of the membrane, respectively; other nota-
tions have their usual meaning. Fitting the theoretical
curves to experimental points in Fig. 2, one can deter-
mine the A and y (Table I). For the membranes
formed from GDNT y=125-10"'" N. This is the
intermediate value between those for phosphatidyl-
choline and phosphatidylethanolamine bilayers (see
Table 1) [18].

Discussion

The obtained data on the physical and chemical
properties of membranes formed from GDNT in the
squalene /chloroform mixture agree the results of
Gliozzi et al. [S] for t =46°C: R, =(1-3)- 10" 2 em?,
C,,=77+06 pF/m% In our experiments the weak
dependence of specific capacity of the membranes un-
der investigation on the nature of the solvent used was
also shown. Like the data of the authors of {4,5], the
dependence of the capacity of the membranes formed
from GDNT in the squalene /chloroform mixtures on
voltage was close to those of usual solvent-free bilayers
[17} (no data presented). This complies with the as-
sumption that the solvent is effectively excluded from
the bipolar membranes due to the special structure.

The experiments on determination of the electrome-
chanical stability of planar membranes formed from
GDNT yielded an uncxpected result in terms of the
monolayer model. It turned out that the dependence of
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the mean life time, 7, on voltage coincided with those
for usual phospholipid bilayers. Moreover, vy, which
characterizes the pore edge energy, lies between the
values obtained for phospholipid bilayers and is equal
to 1.25-10""" N [17,18]. One can suppose that the
irreversible electric breakdown of membranes formed
from GDNT (as for usual bilayers) is due to the same
mechanism, i.e. due to formation of a hydrophilic pore
with an overcritical radius [10]. In terms of the mono-
layer model (Fig. 1a) the obtained results can be inter-
preted as follows. Suppose a GDNT molecule can
bend, ie. take U-shape. When applying a definite
voltage to the membrane, a hydrophilic pore covered
by the bent (U-shaped) molecules is formed. As the
polar headgroup of the bipolar lipid molecule ic rather
large, (d = 10.7 ;\), one may assume that the bending
of one molecule is enough to form a unit length of the
pore edge. In this case y=AE/d. If the pore is
covered by not one, but n U-shaped molecules, then
the pore edge creation energy increases by a factor of
n. It can be shown that n=~h/d, where h is the
membrane thickness. It is easy to estimate the line
tension of such a pore, proceeding from the fact, that
to bend one molecule two trans-gauche transitions are
necessary in each biphytanyl chain (one trans-gauche
transition brinzs to a chain bending by 30°). If the
trans-gauche energy is taken AE =0.6 kcal/mol [19]
and n = 1, then one can calculate the value of y equal
to AE/d. The obtained value, 1.57- 10~ N, is close
to the experimental one (1.25- 107" N). In our opin-
ion this fact tells in favour of the proposed mechanism
of breakdown of monolayer membranes formed from
GDNT.
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