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The purpose of this study was to present experimental data on the action of venom
and toxins from Argiope lobata spiders on the glutamate channel-receptor complex.
Kainate was used as a glutamate channel-receptor complex agonist because it initiated
non-inactivated inward ionic transmembrane electric currents in rat hippocampal mem-
branes. Effects of antagonists can be studied on the background of such currents.
Chemo-activated currents and glutamate channel-receptor complex antagonists from
A. lobata were studied. Electrophysiological experiments were performed and all chem-
icals were applied to perfused hippocampal pyramidal neuronal membranes using the
‘concentration-clamp’ technique. A conventional electronic circuit was used for single-
electrode voltage-clamp recording. All substances under study — integral venom, argio-
pin, argiopinine 1, argiopinine 2 — demonstrated similar properties. The amplitudes of
ionic currents activated by glutamate, kainate and quisqualate decreased after the
application of these antagonists to the rat hippocampal membrane under the voltage-
clamp conditions. The kinetics of currents’ activation and desensitization (in case of
glutamate and quisqualate) were not affected by the antagonists. The effects of argiopin
and integral venom were investigated within the concentrations of 510%-1-102 mol/L
and 10 g/mL, respectively. At these concentrations, neither integral venom, nor argiopin
suppressed glutamate-, kainate-, quisqualate-activated currents completely. The ampli-
tude of non-blocked integral venom components averaged 14.4% of the original value
for kainate-activated currents. Argiopin reduced the amplitudes of kainate-activated cur-
rents to 19% of the control values. Argiopinine 1 and argiopinine 2 acted in a very similar
way. Both substances caused reducing of glutamate- and kainate-activated ion currents
amplitudes acting in small quantities of 10°~10°* mol/L. The differences between them
were in the quantitative characteristics of the blocking action. Such effects as “dose—
effect” dependency, the antagonists’ influences on activated and inactivated receptor;
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kinetics of the antagonists’ action and their removal, analysis of dissociation constants
were studied under the antagonists’ influence. Conclusions about the mechanisms of
the antagonists’ influence on glutamate channel-receptor complex, as well as a com-
parison of the caused effects were made.

Keywords: Araneidae, venom, toxin, glutamate receptor antagonist, transmemb-
rane electric current

INTRODUCTION

In neurons of the mammalian brain, according to the classical concepts, two mecha-
nisms of information transmission coexist — through electrical impulses and through the
activation of electrical processes by the agonists — specific chemical substances. Both
mechanisms are interrelated, and their research has been reflected in numerous scien-
tific works over the last decades. They formed our modern understanding of physical and
chemical mechanisms of brain functioning [6, 8-13, 17, 20, 28, 29, 31]. In this article, the
experimental data of our researches of glutamate (GLU) receptors’ agonist kainate (KK)—
sodium salt of kainic acid, which initiate inward ion transmembrane electric currents in rat
hippocampal membranes, and the action of venom and toxins from A. lobata spiders on
them are presented. Arthropodae toxins as research tools in electrophysiology became
extremely popular in the works of contemporary researchers [4, 6, 7, 9, 15, 18, 25-32].

The results of our studies of toxins — glutamate channel-receptor complex (JCRC)
antagonists were suggested. Among them, there are such gCRC antagonists from
A. lobata spiders as integral venom AR-V, its main active component toxin argiopin (AR),
as well as two other toxins of corresponding homologous series: argiopinine 1 (ARN-1),
argiopinine 2 ARN-2 [20]. Chemical structures of these compounds — phenol derivative
AR, and indole derivatives ARN-1, ARN-2 were presented [20, 21]. In some of those
works, the results of studying of chemical structures of Araneidae toxins, as well as the
caused electrophysiological effects, have been described [1-3, 5, 12, 13, 16, 22-32].

Investigation of A. lobata toxins (as well as other Araneidae toxins) is rather impor-
tant because of high specificity of these substances and the effectiveness of their ac-
tion. For the first time, the results of electrophysiological investigation of chemosensitive
transmembrane currents in brain neurons influenced by A. lobata venom and three
toxins isolated from it have been pubished in comparison. The effects of the less known
toxins ARN-1, ARN-2 have been demonstrated in more details. However, such toxins
became known not only due to their traditional role as tools for neurophysiological
investigations. All toxins of this type are amphiphilic substances, phenol and indole
derivatives with polyamine chains of different lengths and complexity, and they have
extremely interesting properties. Nowadays, they are considered to be very promising
for application in various fields of practice including pharmacology [8], biotechnology
[19, 21-23], nanotechnology [21], as well as agriculture for protection against the pests
[10, 24]. They were used in the newly developed methods [19, 23], and for some of such
results, patents were obtained [19, 22—-23]. Previously, it was suggested that such toxins
could be used as a universal “marker” of glutamate receptors in different representa-
tives of fauna (like JSTX). So, a significant similarity of glutamate receptors in different
phylogenetically distant species was supposed. Because of the importance of the re-
sults of Araneidae venoms and toxins study and their applications, our previous reviews
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were devoted to fundamental works of the authors who studied such substances [4, 6,
7,9, 15, 18-32]. The results of studies of Araneidae toxins chemical structures, as well
as electrophysiological effects they cause blocking different channel-receptors comp-
lexes (CRC) are in [12, 13, 20, 21].

The alim of this publication was to present experimental data about the action of
venom and toxins from Argiope lobata spiders on glutamate channel-receptor complex.

MATERIALS AND METHODS

Electrophysiological study of the action of A. lobata toxins. Chemo-activated
transmembrane currents, as well as the action of gCRC antagonists from A. lobata were
investigated. The development of experimental methods was based on the methods
previously elaborated by scientific groups under the guidance of members of the USSR
Academy of Sciences and NAS of Ukraine P. G. Kostyuk and O. O. Krishtal, and by
the research group including Dr. A. Ya. Tsyndrenko, Dr. M. I. Kiskin, Dr. O. M. Klyuchko.
A brief description of experimental studies of GLU- and KK-activated currents was pre-
sented previously [1, 12, 13, 22]. Our experiments were conducted on internally per-
fused rat hippocampal pyramidal neurons of 7- to 15-day-old rats. All manipulations with
animals were carried out in accordance with the International Convention of animals
and the Law of Ukraine “On protection of animals from cruelty”. Protocol N 2 (October 20,
2016) of the Bioethics Committee of the Educational and Scientific Centre “Institute of
Biology and Medicine” of Taras Shevchenko Kyiv National University. Hippocampal sli-
ces were treated enzymatically with a subsequent mechanical isolation of single pyrami-
dal neurons [19, 22-23]. A microphotograph of the isolated pyramidal neurons is shown
in Fig. 1A. Experiments were carried out using solutions described below as solutions
A, B, C, D. These solutions were considered the basic ones and their contents were
changed depending on the requirements of experiments (more detailed information
about solutions’ preparations and use see below). All experiments were performed at
20 °C (21-23 °C). All chemicals were applied to internally perfused hippocampal pyra-
midal neurons, using the ’concentration-clamp’ technique (Fig. 1A, B) [1]. This tech-
nique provides convenient tools for examining of chemo-activated currents, as the ex-
ternal solution can be changed within a few milliseconds to 20 ms (depending on the
preparations) in a step-wise manner [1, 23]. The membrane potential was measured
with an Ag-AgCl wire mounted on the patch pipette holder, and the reference electrode
employed was an Ag-AgCl wire in the external solution. A conventional electronic circuit
was used for single-electrode voltage-clamp recording [1]. Both current and voltage
were monitored and the data were simultaneously stored in a computer for detailed off-
line analysis. When 1 mM L-Glu was applied to an isolated pyramidal neuron, internally
perfused and clamped to -80 mV, a transient inward current was elicited [1]. The holding
voltage was changed in some experiments to less negative values, but no difference in
the investigated phenomena was observed. The experiments were carried out under
computer control. The scheme of the experimental setup that was used for electro-
physiological study of transmembrane ion currents in voltage-clamp mode is shown on
Fig. 1B. Indications on the scheme 1B. 1 — neuron at the pore of glass micropipette.
2 — micropipette was filled with solution A for intracellular perfusion; mobile cassette with
experimental chambers with different solutions for the application (B,, B,, B,) in three
different chambers; arrow K, indicates directions of chambers with these solutions move-
ment. 4 — tube in which cell 1 was moved from one chamber to another; applications of
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substances to the surface of neuronal membrane were done in this tube according
to the following procedures. Cell 1 on the micropipette 2 was inserted into the tube 4
(arrow K, indicates the direction of movement). When electromagnetic valve 5 was
opened, a quick application of solution B, was done; this solution was sucked into the
tube due to the negative hydrostatic pressure. The dark arrows indicate the directions
of the solutions flow during their application in tube 4, and flows’ directions in the micro-
pipette 2 during the cell fixation at the pore. The dotted line limits the mechanical part of
experimental setup. 6 — amplifier of holding potential V,, and command V__.. 7 — device

com-*

for measuring the potential. 8 — amplifier of the registered transmembrane current.

Fig. 1. The scheme of the electrophysiological experiment on registration of transmembrane electric currents
in voltage-clamp mode: A — micrographs of the isolated rat hippocampal neurons (10 pm in 1 cm);
B - the scheme of the experimental block

Puc. 1. Cxema enekTpodisionoriyHoro ekcnepMmMeHTy 3 peecTpallii TpaHCMeMOpaHHUX enekTPUYHKUX CTPyMIB
y pexumi dikcauii noteHujiany: A — mikpodpoTorpadist i3ornboBaHVx HEMPOHIB rinokamna wypa (B 1 cm —
10 MkM); B — cxema ekcnepumeHTasnbHOro 6roky

Solutions and reagents. The processes of solutions preparation and use, as well as
modes of preparation of cell suspensions and cultures was an important component of
the experiments; the methods were protected by the patents [19, 22, 23]. The details of
their preparation are described below. The following solutions were used in the experi-
ment (all concentrations are given in mmol/L).

Solution A. KF =100, Tris-Cl = 30, pH = 7.2. Solution Awas used as an intracellular
one and its composition was not changed during the experiments.

Solution B. NaCl = 156, MgCl,= 1.1, Hepes-NaOH = 20, CaCl, = 2.6, pH = 7.4.

Solution B was used as an extracellular one during the experiments. The following
substances were added to it in the course of the experiments:

a) L — glutamate (GLU), kainate (KK), quisqualate (QL), glycine, y-aminobutyric
acid (GABA); b) integral venom JSTX-V, its active component toxin JSTX-3; c) integral
venom AR-V, its active component toxin AR as well as other toxins from this venom:
ARN-1, ARN-2; d) other substances.

All toxins from AR-V were obtained using high performance liquid chromatography
(HPLC) at the Shemyakin—Ovchinnikov Institute of Bioorganic Chemistry, the Academy of
Sciences of the Russian Federation, Moscow [11-13]. Their concentration was expressed
in mol/L. Chemical structures of these synthesized compounds were studied [12—-13] and
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used in the experiments [12, 13, 20]. It is evidenced that the analogues of the studied
compounds were found among hydrocarbon technogenic pollutants.

In addition to the above solutions, other ones of the following composition were
used in the preparation of the object for the experiment [19, 22, 23]. For rat hippocampal
neurons dissociation the following solutions were used (all concentrations are given
in mmol/L): solution C — NaCl = 150, KCI = 4, Hepes-NaOH = 20, glucose = 10;
solution D — NaCl = 150, KCI = 4, NaHCO, = 26, CaCl, = 0.9, EGTA = 1.0, glucose = 10.
In solution D, the concentration of free calcium was 5.0:107 mmol/L. This solution was
saturated with carbogen (5% CO,, 95% O,) to pH = 7.4. Dry Eagle’s Minimal Essential
Medium (MEM) and Dulbecco’s Modified Eagle Medium (DMEM) (Serva), as well as
poly-L-lysine (Sigma) were used for the cell culture. For enzymatic tissue processing, the
complex of proteolytic enzymes from Aspergillus oryzae produced by Chemreactive,
Olaine (Latvia) was used, as well as enzymes trypsin PM-14 (Serva), pronase E (Serva),
collagenase type IV (Sigma) [19, 22, 23].

Isolated hippocampal neurons. New methods for dissociation and cultivation of rat
hippocampal neurons were developed [19, 22, 23]. This was due to the fact that selec-
ted neurons of high nervous system, namely the rat hippocampal pyramidal neurons,
are very “delicate” and may be damaged easily. The majority of experiments were per-
formed on isolated neurons immediately after the enzymatic dissociation. The prefe-
rence was given to rats of the age under 2—-3 weeks because the differentiation of their
pyramidal cells ends before this age. Relying on already known methods of cells isola-
tion [1, 22], we have developed new methods aimed at causing the least possible dama-
ge to non-NMDA type receptors [19, 23]. After rat decapitation, the hippocampus was
taken away and moved to solution C, as described above, in the shortest possible time.
We made cross slices of the hippocampus (300-400 um) by a thin blade. These slices
were placed into the solution of enzymes prepared on the basis of solution D. Different
enzymes were selected for nerve tissue dissociation, and the following optimal regimes
were proposed. Two complexes: of pronase (0.3%) with collagenase (0.1%) (prototype
method) and proteolytic enzymes from Aspergillus oryzae (0.1%—0.8% solution) were
used. The enzymatic treatment was carried out at 37 °C for 1-2 h. Carbogen was passed
constantly through the solution. Further, the enzymes were removed, and enzymes resi-
dues were inactivated.

The isolated neurons were obtained under the microscopic control by repeatedly
passing of the obtained brain slices in the solution with adding of 1.25 mmol/L CaCl, and
0.55 mmol/L MgCl, through the glass micropipette with a pore diameter of about 100 um.
The obtained suspension of neurons was added to the MEM, supplemented with 5%
bovine serum (other types of sera were used as well). In this environment, the cells remai-
ned for 3—4 h without noticeable changes in their morphological characteristics. Some
of these slices were left in the solution for enzymatic removing by “washing” with a con-
stant passage of the carbogen. These slices could be used to obtain isolated neurons for
6—8 h. The described sequence of procedures enabled obtaining neurons of the char-
acteristic pyramidal shape: elongated soma with preserved apical and basal dendrites
of the second and third orders. The diameters of such cells were about 15-20 um, and
the lengths were about 20—40 um (Fig. 1A). The neurons obtained using such procedu-
res survived in culture for 42—45 days. Cultured neurons were considered as controls.
Standard package MATLAB was used for mathematical processing of the obtained
experimental data. Under the influence of the antagonists were studied such effects:
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degrees of currents suppression and blockers removal by “washing”, “dose—effect” depen-
dencies, the antagonists’ influences on activated and inactivated receptor; the kinetics
of the antagonists’ action and removal, as well as the analysis of dissociation constants
(for blockers with reversible action) and Hill plot. The details of the described methods are
supported by the patents [19, 22, 23].

RESULTS AND DISCUSSION

The influence of toxins — the derivatives of phenols and indoles from A. lobata —
on chemoactivated transmembrane electric currents in brain neurons. In the
described experiments, chemo-activated transmembrane electric currents were studied
in the membranes of rat hippocampal neurons, as well as the influence on them by
AR-V and its toxins — the derivatives of phenols and indoles coupled with different polya-
mine substituents: AR, ARN-1, ARN-2. The purpose of conducting these experiments
was to investigate the electrophysiological characteristics, the mechanisms of gCRC
functioning, and to study the details of Glu-R chemical structure.

The hippocampal neurons under study (about 260 cells) demonstrated electrical
excitability. The depolarizing shift of the membrane potential from -100 mV to -30 mV
initiated transmembrane ion currents: the initial inward TTX-sensitive sodium currents
and outward potassium currents. It was also possible to activate input ion currents in the
membranes at holding potentials from -100 mV to +20 mV by the application of ago-
nists (A), such as L-glutamate (GLU) and KK (Fig. 2). The kinetics of currents activated
by these agonists was different. After the application of GLU and QL, the wave-like
electrical currents were registered. Following rapid activation of currents to the maxi-
mum (about 10 ms), their decline caused by desensitization of receptors occurred. After

A AR-V
KK g . . o
[ 1 I 1 L 1 [ 1
T -~ -~ ----- - - - - -~ e — —T:;;;—
// 1nA
-
4s
B
KK *

0.1 nA
4s

Fig. 2. The results of the influence of A. lobata antagonists on kainate-activated currents: A — kainate-activa-
ted currents blocking with 10-* g/mL integral venom AR-V; B — kainate-activated currents blocking with
argiopin 1.6:102 mol/L. Concentration: kainate (KK) 1 mmol/L. V,, =-100 mV. Records A and B were
made on two different neurons

Puc. 2. Pesynstati BNMBY aHTaroHicTiB 3 A. lobata Ha kaiHaTakTuBOBaHi CTpyMu: A — GroKkyBaHHs KaiHaT-
aKTVBOBaHWX CTPyMiB LjinicHoto oTpyToto AR-V (10 r/mn); B — GnokyBaHHs kaiHaTaKTMBOBAHWX CTPY-
miB aprioniHom (1,6:102 monk/n). KoHueHTpauis kaiHaty (KK) 1 mmons/n. V, 4 = -100 mB. 3anvcu A
i B 3pobneHi Ha ABOX Pi3HUX HEMpoHax
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the application of KK initiated inward currents, their amplitudes increased to the statio-
nary levels, and such currents were non-desensitized [1]. At the background of such
stationary non-desensitized currents, it was convenient to register the effects of different
receptor antagonists [1, 18]. At the same time, all these agonists (GLU, KK, QL) activate
the same membrane receptor system [18]. These effects allowed investigating the
blocking characteristics of glutamate receptors antagonists in rat hippocampal pyrami-
dal neurons using KK as an agonist of these receptors. Inward ionic currents were also
activated under the influence of other agonists: villardiin, domoate, homocysteate. In
addition, both types of neurons (freshly dissociated and taken from culture condition)
were sensitive to inhibitory mediators — glycine and y-butyric acid (GABA). None of
tested Glu-R blockers (AR-V, AR. ARN-1, ARN-2) initiated chemo-activated currents by
themselves. They did not affect the characteristics of electrically excitable currents
(sodium input and potassium output currents) [1, 19].

GLU- and KK-activated currents blocked by AR-V, AR and other similar an-
tagonists. In our previous experiments all studied substances — AR-V, AR, ARN-1,
ARN-2 — demonstrated similar properties [20]. The amplitudes of transmembrane ionic
currents activated by GLU, KK, QL decreased (sometimes to zero) after the application
of AR blockers to the rat hippocampal membrane under the voltage-clamp conditions.
The kinetics of activation and desensitization (in the case of GLU, QL) of these currents
were not affected by these antagonists (Tables 1, 2).

Blocking properties of integral venom A. lobata and argiopin. In a series of
experiments, the properties of some glutamate receptor blockers from A. lobata spiders
were investigated. The amplitudes of GLU-, KK-, QL-activated ion currents were de-
creased after the application of integral venom (AR-V) and its main acting component —
AR to the neuronal membrane. The action of AR-V and AR on stationary KK-activated
ion currents is demonstrated in Fig. 2. The amplitudes of stationary KK-activated cur-
rents decreased exponentially under the action of AR-V and AR, revealing the kinetics
of action of A. lobata antagonists.

The antagonists were used in the following concentrations: AR-V 10“ g/mL, AR
within the concentrations 510®-1-102 mol/L. At these concentrations, AR-V and AR
never suppressed GLU, KK, QL-activated currents completely. Averaged amplitude of
non-blocking AR-V components was 14.4% of the original value for KK-activated cur-
rents. AR reduced the amplitudes of KK-activated currents to 19% of the control values.

The blocking action of AR-V and AR on GLU-, KK-, QL-activated currents was
reversible. After blocking of KK-activated currents by AR-V and AR, these substances
could be removed by “washing” with Ringer’s solution with (partial) restoring of the re-
sponse amplitudes. The amplitudes of the recovered chemo-activated currents were
always lower than the control ones. For KK-activated currents, the averaged recovered
amplitude was only 34% after the AR-V “washing”, but under AR action, it was signifi-
cantly higher and reached 77% of the control value after “washing” (Fig. 2, Table 1). The
amplitudes of chemo-activated currents were effectively recovered by “washing” with
Ringer’s solution or solutions containing agonists (GLU, KK). The recovery characteris-
tics did not depend on whether or not there was an agonist in the Ringer’s solution.

Responses recovered after the blocker action can be blocked and repeatedly
washed with AR-V and AR (Fig. 3A, B). This procedure can be repeated several times
until the cell death. With each such AR-V or AR application the degree of “washing”
decreased. Thus, the effects of AR-V and AR were partially reversible.
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Table 1. General characteristics of gCRC antagonists influences on kainate-activated
ionic currents (integral venom from A. lobata and toxins isolated from it)

Tabnuys 1. 3aranbHa xapakTepucTuka BnnuBYy aHTaroHictiB gCRC Ha kaiHaTakTMBOBaHi
MOHHI cTpymum (dinicHa oTtpyTa 3 A. lobata i BuAineHi 3 Hei TOKCUHWN)
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AR-V + 14.4 34.0 + + + - - - 1 2
AR + 19.0 77.0 + + + - - - 1 2
ARN-1 + 44.0 56.0 + + + - - - 1 2
ARN-2 + 22.0 47.0 + + + - - - 1 2

Table 2. Kinetic characteristics of kainate-activated ionic currents blocking by integral
venom and toxins from A. lobata

Tabnuus 2. KiHeTU4YHI xapaKkTepuUCTUKU BIOKYBaHHSA KaiHaTaKTUBOBaHUX MOHHUX CTPyMiB
uinicHolo oTpyToto i TokcMHamu 3 A. Jobata

Constant rates for velocity Velocity of recovery of Dissociation
Antagonist of blocking (direct reaction) currents’ amplitudes constant
T4 7 v_=1/t_ Ky
Argiopin (AR) 1.610°L/(mol-s) 0.8510* L/(mols) 4.2102% s 2.510° mol/L
Argiopinin 1 (ARN-1) 3.310° L/(mol's) 1.6:10* L/(mol's) 7.9102%s" -
Argiopinin 2 (ARN-2) 2.9-10° L/(mol's) 0.52:10* L/(mol-s) 3.110%s™ -

Partial reversibility of AR action made it possible to obtain dose—effect characteris-
tics of KK-activated currents before the influence of antagonists and after the action of
small amounts of AR, and then to compare them (Fig. 4A). In both cases such dose—
effect characteristics were isotherms of “single binding”. The K, value of control depen-
dence was 5.0-10* mol/L. Under the action of 10 mol/L AR, the maximal amplitudes
of the KK-activated currents decreased 2.7 times; the character of dependence did
not change, and K, of KK interaction with membrane receptors slightly decreased:
K, = 2.410~ mol/L. Thus, AR did not compete with KK for receptor binding sites. The
results of similar experiments indicated that there is no competition for receptor binding
sites between GLU and AR.

Since AR blocking of the GLU- and KK-activated currents was incomplete, we
investigated current—voltage characteristics (I-V characteristics) of those components
of currents that were not blocked by AR. Characteristics -V of these components of the
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GLU- and KK-activated currents remained linear, as before toxin influence. The reversal
potentials of currents did not change either, for example, for KK-activated currents they
were about +30 mV.

A

0.2nA

5s

Fig. 3. Peculiarities of the action of integral venom from A. lobata (AR-V): A, B — open channel blocking and
reversibility of action (explanation see in text). Concentration: kainate (KK) 1 mmol/L, AR-V — 10 g/mL.
V.o = -100mV; C — argiopin AR causes blocking of open state of kainate-activated ion channels. After
receiving the control response, the neuron was kept in AR for 3 min, and then kainate was added
against AR background. Concentration: kainate (KK) 1 mmol/L, AR — 1.6:102 mol/L. V, 4 = -100 mV.
Time of “washing” 15 s

Puc. 3. OcobnuBocTi gii uinbHoi otpytn 3 A. lobata (AR-V): A, B — briokyBaHHs1 BiIKpUTOro kaHarny i 06oport-
HiCTb Aii (MosicHeHHs1 B TekcTi). KoHueHTpauisi: kaiHaty (KK) 1 mmonb/n, AR-V — 10 r/mn. V,,, = -100 MB;
C — aprioniH AR cnipnynHsie 6rokyBaHHs BiAKPUTOrO CTaHy KaiHaTakTMBOBaHMX iOHHUX kaHaniB. [Micns
OTPUMaHHS KOHTPOMbLHOI BiANOBI4I HeNMPOoH 3 xB BUTpMMYBanu B AR, noTiMm Ha Tni 4ii AR gogasanu kai-
Hart. KoHueHTpauisi: kaiHat (KK) 1 mmonb/n, AR — 1,6:102 monb/n. V,,, = -100 MB. Yac BigmuBaHHs 15 ¢

Kinetics of argiopin influence on KK-activated currents and calculated va-
lues of blockage characteristics. We have calculated kinetic parameters of blocking
of stationary KK-activated currents by AR (Fig. 4B). The kinetics of AR action was also
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detected at the background of stationary KK-activated currents. The formal description
of blocking process of the receptor and AR “washing” revealed that the stationary cur-
rent blocking process was satisfactorily described only by the sum of two exponential
components. The experimental curves were logarithmized and the parameters of
a slower exponent were found by the least square method. The time constants t, and 1,
of both exponents decreased with the increase of AR concentration. By plotting the
dependence of 1/t on the concentration, we estimated the values of direct constants’
rates (k,, k,) for the interaction of AR with non-NMDA receptors. The values k, and k, for
AR were equal to: k, = 1.6:10° L/(mol's), k,= 0.85:10* L/(mol's). The kinetics of currents’
amplitudes restoring during the “washing” of AR were one-exponential. Time constant
rate for currents’ recovery t_ was not dependent on the toxin concentration. The constant
rate for currents’ recovery for partial AR “washing” was 1/t_= 4.2:102 s (Table 2).

From the ratio of inverse and direct rate constants of AR interaction with receptors
it was possible to calculate the value of dissociation constant for this toxin, which was
Ky=2.510° mol/L. This value coincided with K, value obtained in another way. Partial
reversibility of AR action allowed obtaining the dose—effect of the action of AR — the
dependence for suppression degree of KK-activated currents by this toxin. This depen-
dence was an isotherm of single binding with K, = 5.04-10° mol/L. However, since AR
effect was not completely reversed, the second estimation seems to be less reliable and
therefore, the first value for further calculations was used.

Data analysis of the dose—effect presented on the Hill plot is usually used for the
quantitative description of the process of toxin interaction with a receptor (Fig. 4C).
According to representation of these data, the abscissa axis defines the values of Ig C,
where C is the concentration of the toxin, and the y-axis means Ig6/1-6, where 6 is the

expression g = l(")—(“’ in which |, — is the amplitude of the chemo-activated current in
()

the absence of the toxin, and /, — is the current amplitude in the solution containing the
toxin in C concentration. The calculated data formed a direct line; from the tangent of it,
the Hill coefficient n could be calculated. The Hill coefficient was n = 0.86 for blocking of
KK-activated currents by AR. This value corresponds to the binding of one AR ligand to
one receptor molecule, and indicates the absence of cooperativity of this process. From
this plot, it was possible to determine K, of AR interaction with the receptor at the point
of plot intersection with the abscissa. As can be seen, these values approximately coin-
cided with the values given above.

The influence of AR-V and argiopin on the activated glutamate channel-
receptor complex and the dependence of these effects on the potential. The re-
sults of our experiments evidenced that both AR-V and AR blocked the gCRC only in the
activated state (Figs. 3A, B). In these experiments, the agonist (KK) was “washed” with
Ringer’s solution after receiving the control response; then the cell was kept in blocker
solutions for 2—-3 min. After that, at the background of the blocker, we applied the agonist
and recorded the resulting current. As one can see in Figs. 3A, C, this response was
characterized by a peak in the initial phase that was followed by current decrease to
a new steady state level. The current peak indicated that at least most of the gCRCs
were not blocked after antagonists’ influence. The process of further blocking of acti-
vated gCRCs reflected the phase of currents’ decline. According to their kinetics, the
processes in Fig. 3A and Fig. 3C do not differ significantly.
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Numerical dependence of argiopine (AR) blocking action: A — dose—effect dependence for kainate-
activated ion currents before the influence (1) and at the background of 10 mol/L AR influence on
the membrane (2). Both curves are single bond isotherms with values K, = 5.0-10* mol/L (1) and
K4 = 2.410* mol/L (2); B — plot for the dependence of kinetics of kainate-activated currents blocking
on the concentration of synthetic argiopin AR. Dependences on the concentration of two time con-
stants 1/z,, s and 1/t,, s are presented. Each point was obtained from the average values of
measurements on two or four neurons, the vertical lines demonstrate the standard deviations of
measurements. The plot was made using the least squares method; C — Hill plot of amplitudes of
kainate-activated ion currents depression by AR. Hill coefficient is n = 0.86

YucenbHa 3anexHicTb Gnokytoyoi Aii aprioniHy (AR): A — 3anexHicTe fo3a—edeKT Ans KaiHaTakTUBO-
BaHWUX iOHHMX CTpyMiB Ao Bnnuey (1) i Ha Tni Aii Ha memBpaHy 10° monb/n AR (2). O6uasi kpuBi — i30-
TepMu OAHOMICHOrO 3B’si3yBaHHs 3i 3Ha4eHHsIMK K, = 5,0-10 * monb/n (1) Ta K, = 2,410 * monb/n (2);
B — rpaik 3anexHocTi KiHETMKM BrokyBaHHsI KaiHaTakTMBOBaHUX CTPYMIB Bif KOHLEHTpaLii cuHTe-
TuHoro aprioniHy AR. lMNMpeacTasreHi 3anexHOCTi Bif KOHUeHTpaLii ABox nocTiHux Yacy 1/t,, ¢’ Ta
1/1,, ¢'. KoxHa Touka oTpumaHa 3a cepefHiMy 3Ha4YeHHSIMU BUMIPIOBaHb, MPOBEAEHUX Ha ABOX—4H0TU-
pbOX HeVpoHax, BepTUKarbHi BiAPi3kM NoKasytoTb CepefHbOKBaApaTUYHi NOXnbKM BUMiptoBaHb. Ipa-
ik NnobyaosaHO 3a METOAOM HaviMeHLLUX kBagpartie; C — rpadpik Xinna npurHiveHHs aprioniHom AR
amnniTyan KaiHaTaKTMBOBaHUX MOHHMX cTpyMiB. KoediuieHT Xinna n = 0,86

The action of AR-V and AR on chemo-activated currents depended on holding
potential in the same way. The processes of currents blocking by the studied antago-
nists became slower with membrane depolarizing. Furthermore, the effect was more
pronounced with higher level of membrane depolarization. Blocking process of KK-acti-

vated

ion currents by AR-V and AR at holding potential -30 mV is shown in Fig. 5A. As
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Fig. 5.
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Reduction of blocking effect of A. lobata integral venom (AR-V) (A) and argiopin (AR) (B) with re-
ducing the level of holding potential. Concentrations: kainate (KK) 1 mmol/L, AR-V — 10* g/mL,
AR - 1.6102mol/L. Time of “washing” in Ringer’s solution was 30 s (A) and 15 s (B). Records A and
B were made on two different neurons; C — increase of amplitudes of currents’ components that were
not blocked by AR during membrane depolarization; D — increase of time constants of argiopin AR
blocking effect with holding potential reducing; 1 and 2 were the slow and fast components,
respectively.

3MeHLLeHHs 6riokytoyoi Aii LuinicHoi oTpyTn 3 A. lobata (AR-V) (A) i aprioniHy (AR) (B) y pasi 3HWxXeH-
HA piBHA MigTpyMyBaHoro noteHuiany. KoHueHTpauii: kaiHaty (KK) 1 mmonb/n, AR-V — 10* r/mn,
AR — 1,6:102monb/n. TpuBanicTe BigMmBaHHs po3dmHom PiHrepa ctaHosuna 30 ¢ (A) i 15 ¢ (B). 3a-
nvcu A i B 3pobneHi Ha ABOX pi3HMX HelpoHax; C — 36inblUeHHst aMNiTyau KOMMNOHEHTU CTPYMY, LLO
He 6rnokyBaBcs AR nig yac aenonsipusadii Membpanu; D — 36inblueHHs NOCTINHUX Yacy BrokyBaHHst
aprioniHOM y pasi 3HWKeHHS NigTpMMyBaHOro noteHuiany; 1 i 2 — BiANOBIAHO NOBIMbLHUN | LUBUOKWIA
KOMMOHEHT

can be seen, with holding potential of -30 mV the blocking process not only significantly
slowed down, but its degree became much smaller. The amplitudes of the KK-activated
currents after the blocking demonstrated virtually no difference with the amplitudes in
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control. In case of AR-V and AR “washing” with Ringer’s solution, the amplitudes of
KK-activated currents were recovered almost completely. A decrease in current ampli-
tudes was very slight in case of V, ,, = -30 mV. It was so slight that in some cases virtual
absences of blocking effects were registered. A decrease of the blockers’ efficiency with
the membrane depolarization is illustrated in Fig. 5C, D. As one can see in the plots, the
amplitudes of non-blocked by AR-V or AR components of KK-currents increased with the
membrane depolarization. Fig. 5D illustrates the fact that both time constants of AR
blocking, both fast and slow, increased with membrane depolarizing.

Other antagonists of glutamate receptors’ from A. lobata venom. Toxins from
A. lobata venom were obtained using HPLC [12, 13]. The isolated fraction 6 was stu-
died. After the application of fraction 6 to the membrane, it was found that this fraction
demonstrated highly expressed irreversible effect blocking both KK- and GLU-activated
currents. In Prof. Grishin’s research group, the content of fraction 6 was purified and
studied, eventually toxins called arginopinin-1 (ARN-1) and argiopinin-2 (ARN-2) were
obtained. Their chemical structures were further deciphered [12, 13, 20].

The substances ARN-1 and ARN-2 demonstrated similarity in their action (Fig. 6A, B,
C, D). Both of them caused the decline of GLU- and KK-activated ion currents amplitudes
acting in small quantities of 10-°~10-° mol/L. Differences between them were in the quan-
titative characteristics of blocking action. Thus, the maximal levels of blocking by these
toxins of chemo-activated currents were different. ARN-1 reduced KK-activated currents
to 44% of the control value, ARN-2 reduced them to 22%. In experiments with “washing”
of these toxins with Ringer’s solution, the amplitudes of KK-activated ion currents were
recovered unequally: after ARN-1 influence — up to 56%, after ARN-2 influence — up
to 47% of the initial value. Thus, after ARN-2 “washing”, the amplitude of KK-activated
currents was recovered more than twice (Fig. 6C, D), whereas after ARN-1 “washing”,
KK-activated currents were hardly restored at all (Fig. 6A, B). The above results indicate
that the irreversibility of fraction 6 action is mainly due to the presence of ARN-1.

Similar to AR, blocking properties of ARN-1 and ARN-2 depended on the holding
potential. By reducing the holding potential level to -30 mV, the rate of KK-activated cur-
rents blocking by these toxins slowed down, and the degree of blocking decreased.
These toxins blocked the gCRC in the activated state, so, this property was similar to
that of the AR.

We also studied the kinetics of ARN-1 and ARN-2 interaction with gCRC. The
schemes of experiments were completely similar to those described above for AR-V
and AR; the kinetics of these toxins action was investigated against the background of
KK-activated currents. It was registered that the kinetics of blocking by ARN-1 and ARN-2
were similar to AR: the processes of currents blocking were described satisfactorily by
the sum of two exponents; the process of “washing” of toxins — by one exponent. Like-
wise for AR, the kinetic parameters of the toxins’ interactions with gCRC were calculated
(see above). Binding constants of toxins with gCRC were equal to, respectively:

k, = 3.310° L/(mols), k, = 1.6:10* L/(mol's) for ARN-1, and
k, =2.910% L/(mol's), k, = 0.52-10* L/(mol-s) for ARN-2
The velocity of “washing” was characterized by the value 1/t_. It was inversed to

the time constant rate of toxin “washing” t_. The values of kinetic parameters of KK-acti-
vated currents blocking by different toxins are shown in Table 2.
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Fig. 6. Influence of argiopinins — argiopinin 1 (ARN-1), argiopinin 2 (ARN-2) on kainate-activated currents:
A, B — irreversible blocking of kainate-activated currents by argiopinin 1 (ARN-1) (explanations in
text); C, D — blocking of KK-activated currents by argiopinin 2 (ARN-2). Slight restoration of currents’
amplitudes was registered during ARN-2 removal by “washing” (explanations in text)

Puc. 6. Pe3ynsratu BnnuBy aprioniHiHiB — aprioniHiHy 1 (ARN-1), aprioniHiHy 2 (ARN-2) Ha kaiHaTakTMBOBaHi
cTpymu: A, B — HeobopoTHe BroKkyBaHHS kaiHaTakTBOBaHUX cTpyMiB aprioniHiHoM 1 (ARN-1) (nosic-
HeHHs B TekcTi); C, D — GnoKyBaHHS kaiHaTakTMBOBaHUX cTpyMmiB aprioniHiHom 2 (ARN 2). Y pasi Bu-
paneHHs ARN-2 cnocobom “BigMuBaHHS” 3apeecTpoBaHO criabke BiAHOBMEHHA aMnniTya CTPyMiB
(MOsSICHEHHS B TEKCTI)
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CONCLUSIONS

Physiological effects of AR-V, AR, ARN-1, ARN-2 reflect the biological necessities
of A. lobata. These spiders need to paralyze their victims, but they do not kill them. That
is why some of toxins demonstrated reversible effects in the performed experiments.
The degree of reversibility of AR’s action is the highest among all studied toxins: AR
suppressed KK-activated currents to 19.0% of control value, and it can be “washed” to
77% of this value (see Table 1). Other venom components contribute to physiological
reaction of victim as well, but because of their minor quantities, they only modulate the
effects of the main active component.

The results of action of antagonists from spiders A. lobata (integral venom AR-V
and three toxins — AR, ARN-1, ARN-2) on gCRC in rat hippocampal membranes are
presented. In the studied concentrations under the voltage-clamp conditions these an-
tagonists decreased the amplitudes of GLU, KK, QL-activated currents. The kinetics of
activation and desensitization (in case of GLU, QL) of currents were not affected by the
antagonists. AR-V, AR, ARN-1 and ARN-2 never suppressed GLU, KK, QL-activated
currents completely (Table 1). The differences between them were in the quantitative
characteristics of their blocking action, kinetics of blocking and removing of the antago-
nists by “washing” in Ringer solution. Under the antagonists’ influence the following ef-
fects were studied: degrees of currents suppression and their removal by “washing”,
“dose—effect” dependencies, the antagonists’ influences on an activated and inactivated
receptor, kinetics of antagonists’ action and removal (Tables 1, 2). AR demonstrated
a reversible effect with K, value equal to 2.5-10-° mol/L. The calculated value of Hill coef-
ficient for AR was 0.86, which means that one AR molecule interacts with one gCRC
molecule without the cooperativity.

The action of all studied substances depended on holding transmembrane poten-
tial. Such dependence of blocking properties on potential suggests that it was the ion
channel of gCRC that was blocked. All studied toxins from A. lobata — AR, ARN-1, and
ARN-2 blocked chemo-activated currents by binding to the glutamate receptor of gCRC
in the activated state. The regularity in kinetics of gCRC antagonists’ actions was re-
vealed. When the concentration of an antagonist in a solution was increased, the velo-
city of blocking increased too. Thus, the rate of blocking increased with the increasing
of toxins’ concentrations. The obtained results enable us to make conclusions about the
mechanisms of these antagonists’ influence on gCRC and compare the caused effects.
More details about the mechanisms of these toxins’ activities were presented in [20].
The registered regularities in their effects that could be used as a basis for novel types
of qualitative and quantitative analysis were shown [21]. The developed methods that
enabled obtaining the results important for the applications in research and technology
are protected by the patents of Ukraine [19-23].
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OTPYTA U TOKCUHW 3 ARGIOPE LOBATA:
ENEKTPO®I3IONONYHE AOCNIAXKEHHA

O. M. Knroyko
HauionansHul asiauitiHuli yHisepcumem, nipocri. Jllobomupa ly3apa, 1, Kuie 03058, YkpaiHa
e-mail: kelenaXX@nau.edu.ua

MeTa uiel poboTn — NpeacTaBUTM OTPUMaHi ekcrnepuMeHTarnbHi AaHi Npo 4ito TOK-
CVIHIB Ta OTpYTU NnaBykiB Argiope lobata Ha rmyTaMmaTHWUIA KaHano-peLenTOPHUI KOMMSIEKC.
Kainat Gyno 3acTocoBaHO §IK aroHiCT ryTaMaTHOro KaHano-peLenToOpHOro KOMIIEKCY,
OCKINIbKM BiH iHiLiloBaB y MembpaHax rinokamna LypiB TpaHCMeMOpaHHi BXifgHi iOHHI
€neKTPUYHI CTPYMMU, Lo He JeceHcMTu3yBanucs. Ha Tni Takmx CTpyMiB 3py4HO SOCTImDKY-
BaTW Jito aHTaroHicTiB. JocnigxyBany XeMoaKkTUBOBaHi CTPYMU 1 aHTaroHicTu rmytamMar-
HOro KaHano-peuenTopHOro kommnnekcy 3 A. lobata. lNpoBegeHo enekTpodisionoriyHi ekc-
NepuMeEHTH, Nig Yac SKMX yCi XiMiYHi pe4OBMHM annikyBanu Ha MembpaHn nepdy3oBaHNX
nipamiZHUX HENPOHIB rinokamna, 3acTOCOBYOHM METOAMKY “dpikcauil KoHUeHTpaui”. Ons
OOHOEeNeKTPoaHOI peecTpadii 3a YMOB @ikcauii NoTeHLjany 3acTocoByBanu CTaHOapTHY
€NeKTPOHHY cxeMy. YCi JocnigXeHi pedoBUHM — UinicHa oTpyTa, aprioniH, aprioniHiH 1,
aprioniHiH 2 — manu nogibHi BnacTnBocTi. AMNNITyAa iOHHUX CTPYMIB, aKTUBOBAHUX [y~
Tamartom, KaiHaToM, KBICKBanaToM 3MeHLLyBarnacs nicns annikauii aHTaroHicTiB Ha Memb6-
paHy rinokamMna LLypiB 3a yMOB pikcauil noTeHuiany. Ha KiHeTuKy akTuBal,i Ta JeceHcn-
Tn3auii (y BunagKy rinytamary i KBickBanary) CTPyMiB Lii aHTaroHicTv He BrinmBanu. Ecpekr
aprioniHy gocnigykysanv B Mexax koHueHTpauin 510°-1-102 monb/n, a edekT uinicHoi
OTpYTH — Yy koHUeHTpauii 10 r/mn. LlinicHa oTpyTa # aprioniH y Taknx KOHLEHTpaLisix no-
BHICTIO He OMoKyBanu CTpymu, LLO aKTUMBYKTLCS NyTaMaToM, KaiHaToM, KBiCKBanaToM.
CepenHsa amnniTyga He3abrnokoBaHMX KOMMOHEHTIB LinicHOI oTpyTh ctaHoBuna 14,4 %
Bi[j MOYATKOBOr0O 3Ha4YEHHS KaiHaTaKTMBOBAHMUX CTPYMIB. AprioniH 3MeHLLyBaB aMnniTyau
KaiHaTakTuBoBaHMX cTpymiB A0 19 % Big KOHTPOMbHMX 3Ha4YeHb NpunHATKX 3a 100 %.
Edbektn pevoBuH aprioniHiH 1 i aprioniHiH 2 6ynu gyxxe cxoxumn. BoHn 3ymoBntoBanu
3HWKEHHS amnniTygu riytamart- i KaiHaTakTMBOBaHWX MOHHMX CTPYMIB, Ailo4n B Manux
KoHueHTpauisax 10°°-10° monb/n. BiaMiHHOCTiI Mi>k HUMM nonsrany B KinbKicHMX xapakTe-
pucTMKax ixHboi Bnokytoyoi gii. [ito aHTaroHicTiB JOCNIgKYBanuM Ha 3anexHocTi “aosa—
edekT”, BNIMBOBI aHTAroHICTIB HA aKTMBOBAHWUI Ta iHAKTUBOBAHWU peuenTop, KiHETULi
BMMMBY W BUAANEHHS @aHTaroHICTiB, KOHCTAHTW Aaucouiauii. 3pobneHo BMCHOBKU LLOAO
MexaHi3aMiB il UMX aHTaroHicTiB Ha rnyTaMaTHWA KaHano-peuenToOpHUN KOMMIMeKC,
a TakoX MPoBeAEHO MOPIBHSHHS CMIPUYMHEHUX HUMUN edDEKTIB.

Knroyoei crioea: Araneidae, oTpyTa, TOKCUH, @HTaroHicT rnyraMmaTHUX peLenTo-
piB, TPAHCMEMOPaHHWUIA ENEKTPUYHUIA CTPYM
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