Bulgarian Chemical Communications, Volume 48, Special Issue B (pp. 30— 33) 2016

Electrochemical impedance investigation of cholesterol enriched supported films of
lipids
M.Tanovska, L.Vladimirova-Mihaleva”, [K.Bachev|, V.Kochev|
Sofia University “St. Kliment Ohridski”, Faculty of Physics, 5 James Boucher Blvd. 1164 Sofia, Bulgaria
Received September 30, 2014, Revised February 4, 2015

Electrochemical methods of analysis has received a great attention in the enormously large field of Life
Sciences at least because of two reasons — first of all, owing to the exclusive role of bioelectrochemical processes at
fundamental levels of living matter organization, and second due to specific features of these methods. Some of their
advantages as noninvasiveness, sensitivity and inexpensiveness enlarged the reputation of analytical electrochemistry
and established its techniques as indispensable tools for research of broad spectrum of problems in Biosciences.
Electrochemical Impedance Spectroscopy (EIS) [1-3], on its own, has long been recognized as an extremely informative
tool, especially in areas of investigation where contacts between different phases are involved. Biomembranes and their
artificial analogs [4, 5] are just such kind of interfaces where the EIS accuracy and sensitivity have already said their
heavy word [6]. Most promising results, however, pointing out to a plethora of practical applications, have been
obtained with lipid structures deposited on rigid substrates [7, 8]. In the present work we have tried to evaluate the
influence of cholesterol on the physicochemical parameters of supported liquid films of lipids, revealed by their specific
impedance behavior at different frequencies. The results definitely suggest that cholesterol exert prominent condensing
effect on the films, which is demonstrated via the changes in impedance parameters. This is in accordance with
commonly accepted role of cholesterol in biological membranes and model systems, which is based on a large body of
experimental evidences [9].
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INTRODUCTION models, mimicking their structures and functions.

No doubt, biomembranes, with their
morphological diversity, are namely those attributes
that give the final shape of the cell and define it as
the quant of living matter [10, 11]. Although the
native membranes exhibits myriads of forms and
functions and their contents comprise thousands of
polypeptides, lipids and saccharides, they share a
common feature — the canvas of their architecture
consists of bimolecular layer of lipid molecules.
That cell membranes are arranged over lipid
bilayer, became clear after a pioneering work of
Gorter and Grendel [12] and in the early 70es
Singer and Nicolson introduced their fluid mosaic
model explaining how peptides and proteins are
attached to it [13]. Furthermore, in the past few
decades became evident that lipid bilayer itself is
not a passive element of biomembranes, but
governs many important cell processes through its
physicochemical state [9]. In addition, new
concepts for the 3D and 2D (lateral) organization of
membranes flourished. Because of their intricate
nature biomembranes are often studied via proper
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The most popular of these model systems inevitably
contain lipid bilayer and for the aim of our survey
they could be divided into two major classes: “free
standing” [5, 14] and “supported” [15]. Of course,
each of them is characterized with their advantages
and drawbacks, which are mainly concerned with
the great compromise between stability and fluidity
[16].

The great importance of the cholesterol in the
life is associated with changes that occur in bilayers
during the mixing this more peculiar molecule with
other lipids. Its extraordinary realization in the
biosphere was considered ever since by Bloch as a
consequence of changes in the membranes
performance in the synthesis of higher sterols.

As a continuation of these ideas, Meyer Bloom,
Ole Mouritsen and their collaborators suggested an
answer to the question exactly which features of
bilayers depend on the cholesterol content [17-
20].1t has been proved that its ability to give the
membranes some very specific physical properties
is due to their more flexible behavior, leading to an
increase of their structural and functional diversity.
Adjusting the phase state of bilayers, cholesterol
provides strength and elasticity required for
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reproduction of more complex forms with greater
curvature.

In this work we have studied the main effect of
cholesterol as revealed by specific changes in the
electrical parameters of the films. In this regard,
EIS turned out to be reliable method for
investigation of the lipid films behavior. The
obtained results undoubtedly suggested the ordering
role of cholesterol in the films, which is in
agreement with the present viewpoint widely
described in the literature [9, 21-23].

EXPERIMENTAL
Experimental Set-Up

The experimental set-up used in the work is
described in details in [24]. Briefly, the basic part
of the set-up is a measuring head containing two
identical electrodes forming the electrochemical
cell (Fig.1). They are made of gold coated MOS
(Si/SiOy) structures placed on two different holders.
The lower holder is machined from brass and
contacts a Peltier element, regulating its
temperature. The upper holder is moving up and
down and its position is controlled by a micrometer,
so the distance between the electrodes can be
precisely defined.
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Fig. 1. Overall view (left) and schematic (right) of
the experimental set-up: 1) Peltier element; 2) Radiator;
3) Brass holder for the first electrode; 4) Thermoresistor
embedded in the brass holder; 5) First electrode - gold
(Au); 6) Second Au electrode on Plexiglas holder; 7) Pt
thermometer (ceramic substrate with evaporated
platinum Pt wire); 8) Leads of Pt thermometer; 9) Leads
of thermoresistor; 10) Fan

Materials

Soy-bean lecithin (Walmark, Czech Republic)
was used without further purification as lipid
material for preparation of the films in this study.
Cholesterol (5-cholesten-3B-ol, C2;HssOH, Sigma
Chemical Co. USA) analytical grade, also was not
purified additionally. Phospholipid dissolved in n-
hexane and sterol dissolved in chloroform/methanol

(9/1, vol/vol) were mixed in appropriate quantities
to prepare stock solutions with desirable contents.

Gold plated silicon wafers (Microsens SA,
Neuchatel, Switzerland), shown in Fig. 1 were used
as solid substrate. The simplest empirical method of
preparation of lipid films, known as lipid painting,
or paint brush technique, was applied to obtain
supported films. Liquid material with different
contents of lecithin and cholesterol was deposited
directly onto the golden electrode surface, thus so
called cast films were realized [25-27].The lipid
solution, pre-prepared at the desired concentration,
is applied with a micropipette on to the surface of
the substrate for each experiments in equal
amounts. After evaporation of the on the dry film
remained solvent, electrolyte (0,1 M KCI) is added
drop wise and it is waited, until hydration of the
layer is succeed.

The two electrodes were then gently pressed one
to another by a micrometer screw to a desirable
distance between them (Fig.1). In some cases
Teflon spacer was used to define the distance. An
auxiliary "point" platinum electrode is immersed in
the in this way formed electrolytic drop. The
impedance between this electrode and the gold
coating formed lipid film is measured.

RESULTS AND DISCUSSION

Condensingeffect of cholesterol in artificial
membranes is a well known and widely
investigated phenomenon[28, 29]. For the aim of
our survey three types of lecithin films, comprising
respectively 49.6, 66.2 and 74.6 mol% cholesterol
were studied. First concentration was chosen to
represent some higher than normal content of
cholesterol in  plasmalemma, second one
corresponds to saturation limits in
phosphatidylcholines and the third is abnormal.
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Fig. 2. Nyquist plot for three types of lecitin films
with different concentration of cholesterol: 49.6, 66.2
and 74.6 mol%.

31



M.Tanovska et al.: Electrochemical impedance investigation of cholesterol enriched supported films of lipids

The films impedance was measured in the range
130 Hz — 2kHz. Nyquist plots for these frequencies
are almost ideal semicircles, revealing increasing
modulus of impedance with the increase of the
cholesterol concentration(Fig.2). It was useful the
impedance to be divided on its components
according to the equivalent circuit shown in the
inset of Fig. 3.This circuit offered the best fit to the
experimental data, obtained with the program
ZView. It includes two loops connected in series
and represents the closest model, containing
minimal number of frequency depending elements
(only CPEL).

From the analysis of data, it is clear, that
frequency independent parameters R2 and C2 are
not very sensitive, while the ARC element, namely
R1 and A, varies substantially with cholesterol
concentration (Fig. 4).
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Fig. 3. A fit of the Bode plots with the equivalent circuit
used in the work for lipid film with 74,6 mol %
cholesterol. A loop of parallel ideal resistor R2 and ideal
capacitor C2 is connected in series with so called ARC
element consisting of ideal resistor R1 and element with
constant phase CPE1. Points are experimental data and
line is the fit.
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Fig. 4. Depending on the parameters of the equivalent
model of the cholesterol content.
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Furthermore, the value of ARC parameter a is
roughly within the limits of unite, indicating that
CPE tends to pure capacitor. However a
simplification of the model to plain circuit of
frequency independent elements would be not very
correct and strongly hampered the fitting procedure.
Thus, we can speculate, that the discussed films are
made up of two peculiar sub areas depending in
different way on the presence of cholesterol. Based
on earlier studies, we already have built some ideas
about them [30]. The one region (or rather both on
two electrodes) is the first monomolecular layer
adsorbed on the metal surface, plus, eventually,
several adjacent layers oriented according to the
first. Orderliness of these layers greatly reduced by
closely packed molecules in contact with metal, a
fully randomly arranged at the transition to the bulk
liquid phase, which in fact may be considered a
second characteristic region of the film.

Obviously, the mobility (lateral and rotational
diffusion)of the molecules in the layer adhered to
the substrate is made difficult by the strong
adhesive interactions with the solid phase. Typical
of this area with reduced mobility is that its
impedance Nyquist format is as lightly curved line
running in a semicircle for bulk phase [31].The
effect of increasing cholesterol concentration is
similar, but unfortunately this is not noticeable in
Fig.2 because of not so low frequencies (130Hz) of
starting the measurements.

CONCLUSIONS

In this work we have used the method of EIS to
study the behavior of cholesterol modified solid
supported lecithin films. It was found, that such
structures are arranged in two distinguished zones —
molecular layers more or less closely attached to
the rigid support and bulk phase of initial forming
solution. Although this general stratification pattern
was previously established by investigation of
much thinner lipid layers on different substrates,
present results shed new lights on the film
architecture. Quite certain is that additional
profound investigations of the fine structure of the
films and of its rising mechanisms are necessary.
Moreover they disclosed the abilities of EIS as a
reliable tool for investigation of membrane models.
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EJIEKTPOXUMMNYHO UMIIEJAHCHO U3CJIEJIBAHE HA OBOT'ATEHU C XOJIECTEPOJI
oA BPXKAILLM JIMITUIHU OUTIMU

M. TanoBcka, JI. Bragumuposa-Muxanesa, K. baues||B. Koues|

Qusuuecxku paxyrmem, Cogputickus ynueepcumem "Cs. Knumenm Oxpuocku”, 6yn. Joceime bayuvp Neb, 1164 Codus
IMocrenuna Ha 30 centemBpy, 2014; kopurupana Ha 4 gpespyapu, 2015 r.
(Pesrome)

EnexTpoXMMUYHHTE METOIM 32 aHAIM3 MOJMYYHXa 3HAYUTEITHO BHUMAHHE B M3KIIOUYUTETHO OOIIMpHATA 00JacT Ha
MPUPOJHAUTE HAyKH HAH-MaNKo IO JBE MPWYMHHA — TPEAd BCHYKO, ONarojapeHrne Ha H3KIIIOYUTETHATa POJII Ha
OMOENEeKTPOXMMUYHUTE TpolecH Ha (yHIAaMEHTAIHO HHBO IIPH OpraHM3allMsATa Ha >XMBaTa Marepust M BTOPO,
OnaromapeHne Ha HIKOM 4YepTH XapaKTEpHH 3a Te3M MeToau. Hskouw oT mpeaumcTBaTa MM KaTO HEMHBAa3HBHOCT,
YYBCTBUTEITHOCT M M3TOJHOCT Pa3IIMpsBAT pelyTalusira Ha aHAIWTHYHATA €JIEKTPOXUMHS M YCTAHOBSIBAT HEHHUTE
TEXHUKHN KaTO HE3aMCHHUMHU MHCTPYMCHTHU IIPHU HU3CJICABAHEC HA IMHUPOK CIHCKTHP OT HpO6HeMI/I B OMOJIOTHYHUTE HayKH.
Enextpoxumuunara umnenancHa crnekrpockornus (EUC) [1-3], cama mo cebGe cu, OoTAaBHA € NMpHW3HATA KATO €IUH
M3KJIFOYMTENIHO UH(QOPMATUBEH UHCTPYMEHT, OCOOCHO B HCJIEJOBATEICKN O0JIACTH, KBAETO € HAIUIE KOHTaKT MEXIY
pa3zmmuan (azu. buomemOpanuTe M TeXHWTE U3KYCTBEHU aHaio3u [4, 5] ca TOYHO TakbB BUI WHTEpQEHcH, KBIETO C
TOYHOCTTa W dyBcTBHTeNnHOCTTa cu, EMC, Bede ka3za cBosita Texxka ayma [6]. Haii-oGemaBamm pesyaratu obade,
IIOCOYBAII MHOKCCTBO IMPAKTUYCCKU MPUIIOKEHHUA, Ca MOJYYCHU C JUNHUIHU CTPYKTYPH, OTJIIOKCHHU BBHPXY TBHPAU
nomnoxku [7, 8]. B Hacrosmata pabota ce oOnMTaxMe Ja OLCHMM BIMSHHETO Ha XOJECTepoja BbPXY
(UBMKOXUMHYHNTE IapaMeTpH Ha MOIbPIKAIIN TEYHHU JIMIMUAHU (QUIMH, pa3no3HaTH OnarojapeHue Ha IMOBEICHUETO
Ha TEXHUs clenu(uueH HMIICaHC NMPU Pa3iIMYHU 4YeCTOTH. Pe3ynraTurte ONpeaeseHO IOKa3BaT, Y€ XOJECTEPOIBT
OKa3Ba OCHOBEH KOHJEH3HMpall eeKT BbpPXYy CIOEBETE, KOETO CE BIKAA OT NMPOMEHHUTE B MMIICJAHCHUTE IapaMETPH.
ToBa e B choTBEeTCTBHE C OOIIONpHETAaTa PO Ha XOJIECTEpPOsa B OMOJOTMYHUTE MEMOpPAaHM M MOJEIHH CHCTEMH,
OCHOBaHa Ha ToJIsIM 00eM OT eKCIIepUMEHTAJIHN JI0Ka3zaTelcTsa [9].
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