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The paper is devoted to the experimental research of bilayer lipid membranes
stability (BLM) at joint action of an electrostatic field and hydrostatic pressure. It
is shown, that with increase in a potential difference on BLM the average time of
a life of a membrane decreases. Presence of hydrostatic pressure increasing leads
to additional reduction of average time of the membrane life.
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The issue of cell membrane stability is central in membranology [1]. The
extreme complexity of cell membranes urges to study this problem using a model,
a bilayer lipid membrane (BLM). As known, the membrane is often impacted both
by electric forces and hydrostatic pressure [2]. For this reason studying a combined
effect of electrostatic field and hydrostatic pressure on BLM is of interest. This
experiment is a based research focused on a combined effect of hydrostatic
pressure and transmembrane potential difference on the BLM stability. As a
parameter characterizing the level of stability of BLM, we assumed a lifetime of
BLM at specified values of electrostatic field and hydrostatic pressure [3].

Research and results. The experiments were performed on BLM obtained
from phosphatydiserine, earlier suspended in nonane. BLM was formed by the
method of Muller et al. [4] on a hole with a 1 mm diameter in a PTFE (polytetra-
fluorethylene) cell. On the both sides of the membrane 0,1 M NaCl solution
(pH=6,1) was positioned. All the experiments ran at 20°C. The potential difference
was applied to BLM by chlorine-silver electrodes, connected to ADT (NI USB-
6008) and regulated by computer. The voltage varied between 150 and 350 mV
with a pace 50 mV. Hydrostatic pressure was reached adding NaCl solution to one
of two compartments of the cell. The BLM lifetime was determined applying a
computer program.

In the first instance, in mean lifetime of BLM change was studied depending
on the voltage increase in the absence of hydrostatic pressure (Fig., curve 1). As
seen from Fig., the effect of electrostatic field brings to a drastic mean lifetime
reduction. The loss of BLM stability in electric field is connected with formation of
through hydrophilic pores [3, 5]. Pores in BLM arise spontaneously, and then as
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a result of a random change in size, reach some critical size, after which the BLM
looses its stability. Mean lifetime of BLM exponentially reduces with an increase
in transmembrane voltage [6, 7].

Then we studied the impact of the potential difference on the mean lifetime
of BLM in the presence of given hydrostatic pressure p =12,64 Pa (Fig., curve 2).
This figure demonstrates that dependence of mean lifetime of BLM on potential
(curves 1 and 2) is similar. However, the second curve runs lower, which means
that the mean lifetime of BLM reduces at hydrostatic pressure.

The loss of BLM stability under hydrostatic pressure can be predetermined
by change either in BLM tension [8] or in the number of malformations on BLM
[6]. To find out which of the two factors predetermines the loss of BLM stability,
let's fit the experimental data with equations for the mean lifetime of BLM [6],
employing a least-squares technique:
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where o is the surface tension of BLM (o =2-10" N/m [5]); y is the linear

tension of a pore edge in BLM; n is the number of malformations on the
membrane; D is the coefficient of malformation diffusion in the radial space; ¢ is

the difference of potential applied to membrane; & is the Boltzmann's constant;
C is the reduced capacitance determined by a correlation C=C(s, /¢, —1),

where C, =¢g,¢,, / h is the specific electric capacitance of the membrane; &, is the
dielectric water transparency, and ¢, is the dielectric permeability of BLM.
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Collating theoretical lines with experimental points allowed determination of
A and B parameters. As indicated above, in the both cases the values of B para-
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meter practically coincide (B=2,50 on curve 1 and B=2,26 on curve 2), whereas A
parameters differ by values (4=5,57 on curve 1, 4=4,40 on curve 2). The analysis
of equation (1) and its collation with data obtained for 4 and B indicates that
reduction of mean lifetime of BLM in the presence of hydrostatic pressure cannot
be connected with changes in surface (o) or linear (y) tensions. One can suppose

that reduction of mean lifetime of BLM at hydrostatic pressure should be connec-
ted with the increase in the number of malformations (z) on BLM. It also proves
that the difference of BLM hydrostatic pressure leads to the expansion of its
area [4].

Author is grateful to Prof. V.B. Arakelyan for his assistance to this research
and valuable comments.

Received 05.12.2009

REFERENCES

1. Antonov V.F. Soros. Educational Journal, 1998, Ne 10, p. 1017 (in Russian).

2. Vladimirov Yu.A., Parnev O.M., Cheremisina Z.P. Biol. Membranes, 1984, v. 1, Ne 4,
p- 428-434 (in Russian).

3. Abidor L.G., Arakelian V.B., Pastushenko V.F. et al. Transactions of NAS USSR, 1978, v. 240,
p- 733 (in Russian).

4. Kruglyakov P.M., Rovin Yu.G., Koretskiy A.F. Izvestia SO AN USSR, Chimia, 1972, v. 2
(in Russian).

5. Chernomordik L.V., Melikian G.B., Chismadzhev Yu.A. Biol. Membranes, 1987, v. 4,
p. 117-164 (in Russian).

6. Chismadzhev Yu.A., Arakelian V.B., Pastushenko V.F. The Biophysics of Membrane. M.:
Nauka, 1981, p.207-299 (in Russian).

7. Melikyan G.B., Matinyan N.S., Arakelian V.B. Biochim. Biophys. Acta, 1990, v. 1030,
p. 11-15.

8. Arakelyan V.B., Aramyan K.S., Arustamyan V.M., Gevorgyan H.K., Karamyan KK.,
Vardanyan V.1, Potikyan G.G. Proceedings of the YSU. Phys. and Mathem. Sciences, 2009,
Ne 1, p.49-53.



Proc. of the Yerevan State Univ. Phys. and Mathem. Sci., 2010, Ne 1, p. 64—66.

2. 4. Glinpguat

Upliunwtipp - fppws £ tplpbpunn jhypnuyhtt punuptph  (GLE)
Juyniiinipjui thnpdwpupuu ntuntdbwuppnipyuiin fEjnpuunwunpl gusnp
L hhngpnunuwnhl fupdwt hwdwnbkny wnjumpubt wuwjdwbubpmd: 8nyg L
wnpyk), np GLE-h ypu ynnbkughwikph muppbpmipjut wdh nhypnid punubph
Yuwiph dhohtt wbnpmpmitp Jupdwind ko Zhgpnunwnhl o £updul
wnljunmpiniin hwbqbkgimd E GLE-h Jjwiph dhohltt nbnnmpjut jpugnighy
Ypdundwi:

A. K. I'eBoprsm.

CoBMecTHoOe fielicTBHe 3JIeKTPOCTATUYECKOI0 N0JISl M THAPOCTATHYECKOr0 1aB/IeHHs
HA YCTOHYUBOCTh OMC/I0HBIX JTHIUIHBIX MeMOpaH

Pabora mocBsleHa SKCHEPUMEHTAIBHOMY HCCIEIOBAaHHIO YCTOMYMBOCTH
OucnoiiHoii nunuaHoi memOpansl (BJIM) mpu coBMECTHOM AEHCTBUM 3JIEKTPOCTa-
TUYECKOTO MOJIS ¥ TUAPOCTATUUECKOro AaBiieHus. [lokazaHo, 9TO ¢ yBEITMUEHUEM
pasHocTH noteHIManaoB Ha BJIM cpennee Bpemst )ku3HU MeMOpaHbl YMEHBIIAETCH.
Hanuuue ruapocTaTudeckoro JaBieHus MPUBOIUT K JOMOIHUTEIbHOMY yMEHbIIIe-
HUIO CpeIHero BpeMeHu xu3Hu bJIM.



