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In this study we present novel methodology for studying the interaction of biologicaly active
substances with ion channels reconstructed in bilayer lipid membranes (BLM). We utilized reconstruction of
grasshopper Na' channels in planar BLM and cyclic voltammetric technology for this purpose. BLM
constructed from general lipids of bovine brain showsin NaCl aswell in KCI solution atypical curve of cyclic
voltammetry. In BLM reconstructed with grasshopper cephalothorax membrane proteins the capacitance and
the resistance shifted to 2.2 uF/cm? and 160 MQ (against to 0.2 uF/cm? and 1.3 GQ for BLM free from
membrane proteins), respectively, for BLM prepared in 1 mm diameter hole in NaCl solution, while remaining
constant in KCI. The resultsindicate about insect sodium channels reconstruction in BLM.

We used the developed methodology for determination of apparent dissociation constant (K'd) of
ligand-macromolecule interaction for the model of pyrethroid insecticide and ion-channel. The resistance of
BLM with reconstructed ion channels was used for quantitative characterization of mentioned interaction.
Determination of K’'d values for ligand — ion channel complexes, using the asymptotic method of none-linear
regresson andysis, reviled 40.3+8.7 uM and 104.9+16.9 uM for known pyrethroids deltamethrin and cypermethrin,

respectively.
Cyclic voltammetry — BLM reconstructed Na* channels — pyrethroid — apparent dissociation constant

Uphmunnuipnid. bpljujugjus b inp dbpnpupuimpnit kplpbpin (hyhnughtt punuiipbpmd (GLEY)
Jhpujupnigus hntwuljut wigninhukph htwn Jhuwpubwljuwi wlinh] dhwgmpnibtbph thnpougnbgmpui
nuumdbwuhpdwt huwdwp: Upny iuqunuljh hudwp oguuuugnpdyy £ GLE-nud Jhpuljurnigdus dnpkuh Nat-wilju
wgmnhubpp b dopunudybpdbnpuljut wkuthuw: 8jh mntnh pughwinin (hyhyughtt $pulghugh Yhpundudp
wnugyus GLE-u NaCl-h, hisybu twb KCl-h jmdnypubpnid inhuhly ghlyhly ynpunudubpdtinphugh Ynpkp £ gnyg
nwhu: 1 dd wpwdwgdn] wigph Ypuw NaCl-h psnypnid unwugus b dnpbjup Ypdpuquh punubpugh
uyhwnwymgutpny YyEpujuenigqus GLE-ukph mbwympejniattpp b phdwnpnipnibtpp hinpuynd o hudwwu-
nuufuwbwpup dhish 2,2 dd/ud? b 160 UOhY (hudbdwinws punuiipuht uuyhnwlmgutphg wqun GLE-ukph 0,2
Uyd/wd? b 1,3 @Ohd pumpwgptiph htw), dtwyn] withnthnju KCl-h jmdnygpenud: Uprgmibputpp Juynud b GLE-
ubipnud dhpuntbiph hntwlut wagmnhubph Jipujuenigdwi dwuhb:

Upuiljjws dkpnyupuimpiniip oqunugnpdl) b whpknpnhnughtt hiwkljinhghn — dwypnunikyny Unnkh
nliupnid {hquitn-dwljpndnlnt) thnjuwqntgmput nhungdw plugpu hwunuwinmih (K'd) husqupljdw hudwp:
Uoqwd hnumgpignpiul pubwfulub pimipugpiub hwdwp  oquugnpdyty E Jipujuemgus hntwlwb
wgmnhiiipn] GLE-ubkph nhiwnpmpeniiin: Ny gdughti nhqphuhntt wuhgh wuhdupnninhly Ukpnnh hpundundp
thquim-pntuljutt wigninh Ynduykpuh K’d-h npnonudp hwyinth whpbkwpnhnubph' phpnudbinphth b ghwybip-
Utnphtth hundwp gmguipkiply £ hwdwuyunwuowinupup 40,3(8,7uM b 104,9(16,9 M wipdtplitip:
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Shlpl YnpnundlyEpdEnphu — ELE-nd JEpuunnigyws Na+-wlwl whgninhblp — whpkupnpn — pyuguy
phunguwl hwuwnuunntl

B paGote mpecTaBTeHa HOBasA METOZOJIOTHA IS M3y YeHMA B3AUMO/CTBIA GHOJIOTIYECKH aKTHBHBIX
COeZ[IHEHMI C MOHHBIMU KaHAJIaMH, PEKOHCTPYHPOBAHHBIME B GHCIOMHBIX JHIHAHBX MeMbpanax (BJIM).
Jng sToff menM MBI HCIIONB30OBAIM PeKOHCTpyHpoBaHMe Na' KaHamoB KysHeunkoB B BJIM u
BOJIBTAMIIEpMeTpHYecKyio TexHosoruio. BJIM, moiydeHHSBIN C IpuMeHeHHeM OOuIeil JIUIMUAHOM (pakuuy
Mozra 6r1ka B pacTsope NaCl, a taxoke KCl, mokassiBaeT THIIMYHBIE KPUBBIE IIUKIMYECKOH BOIBTAMIEPMETPHUH.
B BJIM, peKOHCTpyHpOBaHHON MeMOpaHHBIMK OelKaMy IedajoTopakca Ky3HEYMKOB €MKOCTh U
conporusierve Messtorcs 1o 2,2 Mx®/cm? u 160 MOwm (mporus 0,2 mx®/cm? u 1,3 TOMm gy BIIM, cBoGogHoix
oT MeMOGpaHHBIX GelKOB) cooTBeTcTBeHHO mys BJIM mpurorosieHHO B Tope AuameTpoM 1 MM B pacTBOpe
NaCl, ocraBascy HemsmenHbM B KCl. PesynmpTaTsl yKassIBaloT Ha DEeKOHCTPYMPOBAHKE HOHHBIX KaHAJIOB
HaceKoMbIX B BJIM.

Ms1 mcmons3oBany pa3paGoTaHHYI0 METOJOJIOTHIO i ONpefie/leHUs KaKylleHcs KOHCTAHTHI [IHC-
conuanuy (K'd) BsammopeiicTBus nMraHi — MakpoOMOJeKysa IJIA MOZENN IHUPEeTPOMIHBIM HMHCEKTHIWZ, U
vonnsIi Kananx. Comporuenerne BJIM ¢ peKOHCTpyMpOBaHHBIMH HMOHHBIMM KaHAJaMM MCIIONB30BAIH I
KOJIMYEeCTBEHHOM XapaKTePHCTHKH yKasaHHOro B3amMogeiicTBua. Ompegenenne 3Hauenmii K'd mma
KOMIUTEKCOB JIMTAaH/, — MOHHBIE KAaHAJIBI, C IIPUMEHEHHMEeM aCHMITOTHMYECKOTO MeTO/d HeJIMHeHHOro
perpeccHoHHOro aHanusa, BeraBiio 40,3(8,7 pM u 104,9(16,9 IM n1st U3BeCTHBIX MEPETPOHIOB JieITaMETPHIHA
¥ IIUIIepMETPHHA COOTBETCTBEHHO.

Iuxrmieckas BombTaMIIepMeTpas — INa+KaHa Ik, peKoHCTpyHpoBaHHsIe B b/IM — mupeTpons —
KaXKymasaca KOHCTAHTa JHCCOIHAIHH

Thisarticle is dedicated to the memory of Dr. Rafik Brutyan,
the pioneer of BLM electrochemical investigationsin Armenia.

The selective conductance of sodium ions across the plasma membrane is known to be
involved in the propagation of the action potential in vertebrate and invertebrate neurona cells [9].
The critical role of the sodium channel in the functioning of the nervous system has made it the
target of adiverse array of toxins during evolution. Experimental methods for revealing the potency
of neurona drugs via electrophysiological techniques are essential in biology and pharmacology.
Particularly, experiments revealing the influence of drugs on potential-dependent channel opening
and closing (gating) are of special interest.

A remarkable technological development occurred in the ion channel field in the late 1970s,
when Neher and Sakmann successfully recorded acetylcholine receptor single-channel currents
from the denervated frog skeletal muscle [10]. This technique was further improved by the
development of gigaohm patch-clamps [7]. The two main advantages of patch clamps are: 1)
whole-cell currents of any receptors and channels can be recorded by voltage clamp using
practically any type of cells, including neurons, myocytes, and lymphocytes, and 2) single-channel
currents can be recorded with a high degree of precision. Consequently, the patch-clamp technique
has become the basic tool for studying native ionic channels, and it is extremely popular in cellular
neuropharmacology or neurotoxicology since the effects of any chemicas on any
receptors/channels can be studied.

The benefits of patch clamps in studying the ion channels is appealing, however, it is
sometimes difficult to adapt the object of interest to path clamp; the problem being to extend this
type of anaysis to smaller, noncylindrical, cellular structures that would not allow insertion of
metal wires. Moreover, unlike the plasma membrane, intracellular membranes are usualy not
stable enough to withstand mechanical manipulation by glass electrodes during sea formation and
rupturing of the membrane [2]. The aternative choice is based on planar BLM reconstructed ionic
channels.
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Therefore, accurate reconstruction of afunctional ion transocation system from the minimal
number of components required to mimic an active membrane would certainly help general
understanding of membrane excitability. One of the most useful approaches, in this respect, is the
reconstruction of the simple membrane system using self assembled lipid bilayers or liposomes [3].

Recently, we presented an alternative approach for ion channels reconstitution in con-
ventional planar BLM [16]. Combining this approach with Tien’s cyclic voltammetric technology
of metal supported BLM characterization [1], we were able to record integral electrical
characteristics of in BLM reconstructed insect sodium channels. Direct addition of mixture of
bovine general brain lipids and isolated insect ion channel proteins, leads to self assembly and
reconstruction of native ionic channelsin BLM. Herein, we use this model to characterize the mode
of action and affinity characteristics of pyrethroid insecticides on reconstructed insect sodium
channels.

Pyrethroids are synthetic derivatives of pyrethrins, toxins contained in the flowers of some
Chrysanthemum species. Pyrethroids that are widely used as an insecticide present low mammalian
toxicity and high biodegradability. They primarily affect the sodium channels of excitable tissues,
prolonging the Na" current [11,12,13]. This action underlies the neurotoxic basis for sensorimotor
changes in both vertebrates and invertebrates. In addition, pyrethroids may produce cardiotoxic
effects mediated by Iy, prolongation in cardiac myocytes [11]. Nevertheless, since global use of
pyrethroids is increasing, especially in regions burdened by arthropod-borne diseases, a rise in
human acute pyrethroid exposure has occurred [6]. Hence, the understanding of pharmacological
and toxicological spectrum of this class of insecticidesis of considerable interest.

The aim of this work is to develop new experimental methodology for studying the
interaction of biologically active substances such as newly synthesized pyrethroids and other drug
candidates with in BLM reconstructed ion channels/receptors. The method is based on
determination of the membrane resistance — the integral characteristics of BLM involving
reconstructed ion channels.

Materials and methods. Bovine brain lipids were isolated by method developed by Folch et d. [5].
Obtained lipids were kept frozen at 253K under argon atmosphere before use.

Planar BLMs were obtained by pouring 10-20 uL hexane-dissolved bovine brain lipids (20-25
mg/mL) under the 1 mm diameter vertical hole, separating electrode chambers. The chambers werefilled with 0.1 M
NaCl or KCl solution containing 20 mM tris-HCI buffer, pH 8.2.

Grasshopper’s cephal othorax membrane proteins were solubilized as described in the modified method of
Moskowitz et.d. [8]. Grasshoppers were collected in summer and kept frozen a 253K before use. 10g of
grasshoppers  cephalothorax was homogenized in 50ml buffer A (0.2mM PMSF, 2mM EDTA, 5mM
mercaptoethanol, 50 mM tris-HCI, pH 8.2) in MPW-302 homogenizer (Poland) at 2000 rpm during 15 min a 277K.
The homogenate was centrifuged at 20000 g, 20 min and supernatant was discarded. The pellet was added to another
20mL buffer A supplemented with 0.2% triton X-100 (solubilization buffer B). The obtained suspension was
processed as described above. After centrifugation a 20,000 g for 20 min, supernatant was collected and used in all
experiments as membrane protein fraction.

Concentration of the membrane protein adjusted to 10 mg/mL with solubilization buffer B. Membrane
protein reconstructed BLM was obtained as described above by bovine brain lipids added grasshoppers membrane
proteinsin 10/1 ratio (V/V).

To study the pyrethroid action on BLM reconstructed sodium channels the corresponding compounds were
dissolved in acetone in 10 mg/mL concentration. Each series with different pyrethroid concentrations was made in
one experiment with the same insect protein reconstructed membrane using increasing concentration of the chemical.
The acetone dissolved chemical was added in front chamber near the opposed to the BLM wall of the chamber. The
acetone action on conductivity and capacitance was studied in separate series of experiment, with a new insect
protein recongtructed BLM. In these experiments the same increasing acetone concentrations, as in mother
experiment, were used.
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The results obtained for acetone action were subtracted from corresponding results obtained in main
experiment after normalization for the point of zero acetone concentration.

All measurements were performed by Tiens cyclic voltammetric method on CH Instruments Model 600
voltammetric analyzer. Electrochemical experiments were carried out using a conventional two-compartment three-
electrode eectrochemical cell equipped with the working electrode, an auxiliary electrode and an Ag/AgCI/K Cl(sat)
as reference electrode (fig. 1(A)). A personal computer was used for data storage and processing. To compensate the
influence of outsde electromagnetic fields the chamber was placed in metallic box. All the measurements were
carried out at 298+1K.

@t
Fig.1. (A) Schematic diagram of the electrochemical chamber adapted for recording the electrochemical characteristics of
BLM by VAA. (B) Principles of cyclic voltammetry. (1) — BLM representation as an electrical circuit consisting of R and C.
(2) — Schematic representation of cyclic voltammetry, where | istota current, |, is current through the R, I is current
through the C, £'is potential.

The membrane resistance (Rm) and capacitance (Cm) were calculated according to [1]. The obtained results
are the mean of at least three independent experiments. The gpparent dissociation constant (K'd) of ligand —
macromolecule interaction was determined by asymptotic method of none-linear regression analysis using SPSS
16.0.

Results and Discussion. Typical cyclic voltammetric diagrams of BLM without and with
reconstructed insect Na channels are presented in fig. 2.
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Fig. 2. Representative cyclic voltammograms of BLM prepared from genera bovine brain lipids (a) and the
BLM with reconstructed grasshopper’s membrane protein (b); scan rate = 30 mV/s; cycle
repeats (segment) = 7; sampleinterva =0.001 V.

The obtained data show that BLM formed in 1 mm round hole displays atypica curve of cyclic
voltammetry, with C,= 0.2 pFlem? and Rm= 1.3 GQ. When BLM was formed by addition of
grasshopper cephalothorax membrane proteins a 11-fold increase in capacity and a nearly 8.1-fold
decrease in resistance were observed.
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The used channel proteins of trans-membrane nature produce polar side pieces on BLM surface.
They cause the sorption and accumulation of existing ions and increase their concentration immediately
on BLM surface resulting in an increasing of the membrane capacity. As a result the mentioned above
parameters shifted to C,= 2.2 pF/em? and R.= 160 MQ for BLM prepared in NaCl
solution, respectively, while remaining constant in KCl. It should be mentioned, that used protein con-
centration is optima (is corresponding to saturation), since its subsequent 10-fold dilution prior to 10/1
lipid-protein mix preparation doesn’t substantially affect on obtained BLM voltammetric characteristics
(data not shown).

Deltamethrin and cypermethrin caused the decrease of resistance of grasshopper cephal othorax
membrane protein reconstructed BLM, hence increasing the Na' current through in BLM reconstructed
channels. The action of deltamethrin and cypermethrin on the resistance of grasshopper cephal othorax
membrane protein reconstructed BLM is presented in fig. 3(a) and fig. 4(a), respectively.

400

R/ML)

300 b
200

100

0 0.1 0.2 0.3 0.4
[Deltamethrin)/mM
Fig. 3. Changesin resstance of BLM (R/Q2) with reconstructed grasshopper cepha othorax membrane
proteins as afunction of deltamethrin concentration ([ Deltamethrin]/mM). (8) — experimental
curve with data standard deviations, (b) —theoretica curvewith K’ d caculated
by none-linear regression analysis using SPSS 16.0.

0 0.2 0.4 0.6 0.8
[Cypermethrin}/mM

Fig. 3. Changesin resistance of BLM (R/Q2) with reconstructed grasshopper cepha othorax membrane
proteins as afunction of cypermethrin concentration ([Cypermethrin)/mM).
(8) —experimentd curve with data standard deviations,
(b) —theoretical curvewith K'd cdculated by none-linear regression analysis using SPSS 16.0.

The obtained data look like reflecting Mass action low (1) for ligand-macromolecule complex
dissociation process (M.L=M+L) [4].

Kldz[M][I%M,L] (1)

where K’ d is gpparent dissociation constant, [M], [L] and [M.L] are concentrations of
in BLM reconstructed macromolecule, ligand and ligand-in BLM reconstructed macro-molecule
complex, correspondingly.
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As in case of ligand excess the saturating ligand concentration [M.L]Jmax is equd to totd
concentration of macromolecule ([M]0), or to sum of ligand bound and unbound macromolecule
concentrations ([M.L]+[M]), the normalized decrease of resistance is equa to molar part of ligand-
macromolecule complex ([M.L]/ [M.L]max), we can easily obtain the equation (2).

(R-Ry) M, L] [
/RO—RSS)‘ (IM]+[M,L]) = /K'ﬁ[u) 2)

where RSS is resistance of BLM with reconstructed ion channel before ligand addition, RO is the same
BLM resigtancein ligand excess (when molar part of LMC isequal to 1).

Cdculated changes in resistance of grasshopper cephaothorax membrane protein reconstructed
BLM asafunction of deltamethrin or cypermethrin concentration are presented in fig. 3(b) and fig. 4(b),
respectively. It is obvious, that used model correctly reproduced experimental data. It will be mentioned,
that obtained near 20 % increase of conductancein
Result of pyrethroid addition coincided with values of signals of integral nature (inactivation timecourse
of parameters from guinea pig ventricular myocytesin presence of 10 uM fenpropathrin) known in other
objects[11].

The K'd of ligand-macromolecule interaction determined by asymptotic method of none-linear
regresson andysis were 40.3+8.7 uM and 104.9+16.9 uM for detamethrin and cypermethrin,
respectively. The analogous parameters for deltamethrin, known as inducer of large and prolonged tail
currents on voltage gated sodium channels, are arranged in intervd of 5nM —1 mM for vertebrate DRG
neurons [12], Drosophila melanogaster [15], cockroach [14] etc. In our model the relative high K'd for
studied pyrethroids may be associated with the fact of working with preparations of crude grasshopper
membrane proteins and with the possible changes in ion channds conformation during their
recongtruction in BLM. We are going to study this phenomenon in our future researches.

The obtained results are vauable from the point of view that developed method dlows to study the
LMI using theintegrd voltammetric characteristics of BLM with reconstructed ion channels.

We have adapted the technique initially developed by Tien and coauthors for the study of different
reduction-oxidation reactions in metal supported BLM, for in planar BLM reconstructed membrane
proteins. Presented model was stable during the time of experiment (up to 30 min). Proposed
methodology is unique, since it allows characterizing ligand/ion channel interaction via smple cyclic
voltammetric technique. So, the ion channd reconstructed membrane integral characteristic — R;,, was
used for calculating the value of gpparent dissociation constant of LMC. It was adapted to study the
action of deltamethrin and cypermethrin onin BLM reconstructed ion channels.

The proposed methodology can be used to develop strategies for new drug design, to evaluate
methods for drug candidates screening on the model of isolated, purified and in BLM reconstructed
target ion channels. Moreover, the method can be used for creation of quantitative parameters databases
for SAR evolution.
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