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Background. The use of Arthropodae toxins for electrophysiological experiments is
very important, but experimental data in this regard are scarce. The aim of this study was
to obtain experimental data about the influence of Nephila clavata spider venom and its
main active component — toxin JSTX-3 on the glutamate channel-receptor complex.

Methods. Kainate was used as agonist of glutamate channel-receptor complex
because it initiated non-inactivated transmembrane electric currents in rat hippocampal
membranes in electrophysiological experiments were used for the study. All chemicals
were applied to perfused hippocampal pyramidal neuronal membranes using 'concen-
tration-clamp’ technique and voltage-clamp recording.

Results and discussion. The studied substances — integral venom and toxin
JSTX-3 — demonstrated the properties of glutamate channel-receptor complex antago-
nists. The amplitudes of electric transmembrane currents activated by glutamate, kaina-
te, and quisqualate decreased (sometimes to zero) after the application of glutamate
channel-receptor complex antagonists to the rat hippocampal membrane under the
voltage-clamp conditions. The kinetics of activation and desensitization (in case of glu-
tamate and quisqualate) of transmembrane electric currents were not affected by these
antagonists.

The effects of Nephila clavata integral venom were studied the in concentrations of
10°-10* units/uL, the effects of JSTX-3 —in the concentrations of 10810 mol/L. Integral
venom did not block the studied currents completely, but it reduced their amplitudes to
a certain level. Integral venom blocked glutamate-activated currents up to 3615 % of the
initial values, kainate-activated — up to 34+£16 %. In contrast, JSTX-3 almost completely
blocked ion currents activated by these agonists at the holding potential of -100 mV:
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the amplitudes of kainate-activated currents under the action of this blocker decreased
to 6+3 % of the initial values. Integral venom blocking effects were irreversible in con-
trast to partially reversible JSTX-3 action. The differences between antagonists were
also revealed in the quantitative characteristics of blocking action.

The following effects were studied under the antagonists’ influence: the degree of
currents suppression and their removal by “washing”, “dose—effect” dependency, the
antagonists’ influence on activated and inactivated receptors; kinetics of the antago-
nists’ action and removal, dissociation constants for blockers with reversible action.

Conclusions about the mechanisms of the antagonists’ influence on the glutamate
channel-receptor complex, the physiological role of integral venom and JSTX-3 as well
as comparison of the caused effects were made. The influence of Aspergillus oryzae
proteases pretreatment during hippocampal neurons preparation for experiments, and
the creation of a physical model of the molecular system “glutamate channel-receptor
complex — glutamate — antagonist — proteases” are discussed.

Keywords: Araneidae, venom, toxin, glutamate receptor antagonists, transmem-
brane electric current

INTRODUCTION

The excitatory action of glutamate in the mammalian brain and spinal cord has been
known since the 1950s (Curtis and Watkins 1960, Hayashi 1952). However, only since
late 1970s, has glutamate become widely recognized as the principal excitatory transmit-
ter within the vertebrate nervous system. It was proposed that glutamate acts postsynap-
tically on three families of ionotropic receptors named after their preferred agonists:
N-methyl-D-aspartate (NMDA), a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
(AMPA) and kainate. Therefore, the complete deciphering of all mechanisms of glutama-
tergic transmission has both theoretical and practical importance.

Pharmacological modifying of glutamate receptors by the arthropods’ toxins is an
important direction of studying glutamate neurotransmission mechanisms [22]. It is known
that Arthropods’ venoms contain a mixture of various biologically active substances inclu-
ding toxins that are their physiologically important components [6, 22, 35]. These toxins
are used successfully in the contemporary electrophysiology [4, 6, 7, 9, 15, 26, 27-35].

In this article, the data of electrophysiological studies of glutamate receptors’ anta-
gonists from Nephila clavata spiders (Joro spiders) — JSTX-V (integral venom) and
toxin JSTX-3 (its main active component) are presented. JSTX-3 is a phenol derivative
with the polyamine chain and its chemical structure was defined in [22]. In some publi-
cations, the effects of Araneidae toxins have been described [1-3, 5, 9, 12, 13, 16]. At
present, arthropod toxins are used in pharmacology [8, 15, 18], agriculture [10], and for
environmental monitoring [21]. Some of them are used in newly developed methods
[20, 21, 23]. It is essential to study glutamate channel-receptor complex (QCRC) an-
tagonists of N. clavata because the glutamatergic type of signals transmission in the
nervous system is widely spread; it was discovered in many organisms, even phyloge-
netically distant ones. Irreversibility of JSTX-V action is a characteristic feature of this
venom. This effect is biologically important for spiders-hunters who have to immobilize
insects (their victims) quickly, acting specifically on gCRC in the central nervous system,
neuro-muscular and other systems. The idea of using Araneidae toxins as “universal’
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gCRC markers in different species attracted attention of many researchers [22]. Spider
toxin JSTX-3 from N. clavata played the leading role in search of a “universal” gCRC
marker [1, 22].

We elaborated effective methods, for example, we used glutamate receptors’ ago-
nist kainate (KK, sodium salt of kainic acid) that initiated steady-state inward ion trans-
membrane electric currents in rat hippocampal membranes for our experiments. At the
background of KK-activated currents, the kinetics of N. clavata antagonists’ actions was
well visualized [1]. Another original method consisted in using A. oryzae proteases for
neuronal membranes enzymatic pretreatment [20, 23, 24]. This method allowed us to
amplify chemo-activated electrical currents through gCRC to decrease the noises in the
experimental electrical system so that successful registration of antagonists’ effects
could be possible. The patents were obtained for some of these methods and results
[20, 23, 24]. Finally, the developed process of enzymatic pretreatment allowed elaborat-
ing a physical model — the molecular system “gCRC — glutamate — antagonist — prote-
ases” that provided for successful revealing of gCRC-antagonists’ effects. In this article,
we have characterized some electrophysiological effects caused by N. clavata venom
and JSTX-3 toxin.

MATERIALS AND METHODS

The study of the venom from Nephila clavata and its main active component toxin
JSTX-3, as well as their influences on chemo-activated transmembrane currents was
carried out using the electrophysiological and linked methods [1, 19, 21, 23]. The develop-
ment of these methods was based on the methods previously elaborated by teams of
scientists under the guidance of academicians P. G. Kostyuk and O.O. Krishtal, and by
the research group of Drs. A.Ya. Tsyndrenko, M.I. Kiskin, O.M. Klyuchko.

Object preparation, solutions and reagents. Experiments were performed on inter-
nally perfused rat hippocampal pyramidal neurons of newborn as well as up to 3-weeks-
old rats. All manipulations with animals were carried out in accordance with the Interna-
tional Convention for the protection of animals and the Law of Ukraine “On protection of
animals from cruelty”, Protocol N 2 (October 20, 2016) of the meeting of the Bioethics
Committee of the Educational and Scientific Centre “Institute of Biology and Medicine”,
Taras Shevchenko National University of Kyiv. Hippocampal slices were treated enzy-
matically with a subsequent mechanical isolation of single pyramidal neurons [20, 24].
The cell culture was prepared from the dissociated pyramidal neurons of newborn rats.
Microphotographs of the isolated pyramidal neurons and these cells in culture condition
(4-5 days of survival) are shown in Fig. 1A, B. Experiments and object preparation
procedures were carried out using the solutions described below (all concentrations are
given in mmol/L).

Solution A. KF = 100, Tris-Cl = 30, pH = 7.2. Solution Awas used as an intracellular
one; 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) other substances.

Traditionally, JSTX-V quantities have been measured in units of action. One unit
corresponded to the average amount of venom isolated from one spider gland. In our
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experiments, 10 units of JSTX-V were used. This amount of venom was dissolved to
0.5 units/uL; further the solutions with the necessary concentrations were prepared.
JSTX-3 concentrations were expressed in moles per liter (mol/L). According to the esti-
mations, one unit/L of venom corresponds to one mol/L of the purified toxin JSTX-3.
This result is similar in its order to those obtained on the basis of our experimental results
(see below). Both gCRC antagonists — the integral venom JSTX-V and its main active
component toxin JSTX-3 were kindly presented by Prof. N. Akaike (Tokyo University,
Japan) for the collaborative use.

In addition to the above solutions, other ones of the following composition were
used in the preparation of the object for the experiment. For rat hippocampal neurons
dissociation the following solutions were used:

Solution C. NaCl = 150, KCI = 4, Hepes-NaOH = 20, Glucose = 10, pH = 7.4.

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 5-107 mmol/L. This solution was
saturated with carbogen (5% CO,, 95% O,) to pH = 7.4. Dry media MEM and DMEM
(Serva) and 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) [20, 24].

Fig. 1. Micrographs of isolated rat hippocampal neurons (A) and hippocampal neurons in culture conditions
(B, 4-5 days culture) (10 um in 1 cm)

Puc. 1. MikpodboTorpadii i3onboBaHuMx HEWpOHIB rinokamna Lypa (A) Ta HEWpOHM rinokamna B yMoBax
KynsTypw (B, kynbtypa 4-5 gHis) (B 1 cm — 10 Mkm)

Modified procedures of the enzymatic treatment and subsequent preparation of hip-
pocampal neurons for the electrophysiological experiment. Mammalian brain cells, as
well as hippocampal pyramidal neurons, are very “delicate” and can be easily damaged.
They are very sensitive to temperature changes, saturation of extracellular solutions by
oxygen and other gases, even to slight deviations in ion composition in solutions, etc.
Using the existing methods of cells isolation and dissociation [1], we have developed
new methods aimed to cause the least possible damage to non-NMDA receptors [20, 23,
24)]. Three main factors in extracellular solutions defined the development of the enzy-
matic treatment procedure: enzymes and bivalent cations Ca?* and Mg?*.

After rat decapitation, hippocampus was taken away and moved to solution C
where cross slices of hippocampus from 300 to 400 um thick were made and placed into
the solution of enzymes prepared on the basis of solution D. The traditional optimal
enzyme complex for these purposes — a complex of pronase (0.3%) with collagenase
(0.1%) (prototype method) was substituted by the complex of proteolytic enzymes from
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Aspergillus oryzae (0.1% — 0.8% solution). 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 using a specific procedure and enzymes residues were inacti-
vated. After that, the isolated neurons were obtained under the microscopic control by
repeatedly passing 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 Eagle minimal
medium (MEM), supplemented with of 5% bovine serum (other types of sera were used
as well). The concentration of bivalent cations Ca?* and Mg?* in extracellular solutions
was gradually increased to the normal level. Some stages of these methods are sup-
ported by the patents [20, 23, 24]. After dissociation, living neurons could remain for
3—4 h without noticeable changes in their morphological characteristics. Some of these
slices were left in the solution to remove the enzymes by “washing” with a constant pas-
sage of carbogen. These slices could be used to obtain isolated cells for 6-8 h. The
dissociated living pyramidal neurons in the extracellular solution had a characteristic
pyramidal shape: elongated soma with preserved apical and basal dendrites of the se-
cond and third orders. The diameter of such cells was about 15-20 um, and the length
wws about 20-40 um (Fig. 1A). Neurons obtained using such procedures survived in
culture conditions for 42—45 days (Fig. 1B). The experiments on cultured neurons were
used for control studies.

Peculiarities of the enzymatic pre-treatment. The enzymatic treatment by proteases
selected from Aspergillus oryzae demonstrated the best results. In the electrophysiologi-
cal experiments, the amplitudes of Glu- and KK-activated ionic currents were 11.8 times
higher after the influence of A. oryzae proteases than after pronase and collagenase
pretreatment [20, 24]. Other standard methods of the enzymatic treatment demonstra-
ted worse results. It is known that proteases are present in spiders’ venoms in large
quantities [6, 22, 35]. During the bite, along with its toxins a spider introduces a digestive
secret with proteases and a significant number of free amino acids, mainly glutamate,
into the victim’s body [22]. These substances were also represented in our experiments
with the registration of Glu-, KK-activated ionic currents, forming molecular system
“gCRC - glutamate — antagonist — proteases”. The role of this molecular system in our
experiments will be discussed below.

Electrophysiological experiments. Experimental studies of Glu- and KK-activated
currents in voltage-camp conditions were previously discussed [1, 19, 23]. Isolated neu-
rons or a glass with cultured neurons were placed into the experimental chamber of
electrophysiological setup. Experiments were carried out using the solutions described
below as solutions A, B, C, D. All experiments were performed at room temperature
(21-23 °C). All chemicals were applied to internally perfused hippocampal pyramidal
neurons using a ’‘concentration-clamp’ technique [1] by which an external solution can
be changed within a few ms to 20 ms in a step-wise manner [1, 19, 23]. An electrical
circuit was used for single-electrode voltage-clamp recording [1]. Both the current and
voltage were monitored and the data were stored in a computer for a detailed off-line
analysis; all experiments were carried out under computer control. The scheme of the
experimental setup that was used for electrophysiological study of transmembrane ion
currents in voltage-clamp mode was previously described [1, 19, 23]. When L-glutamate
was applied to an isolated pyramidal neuron, internally perfused and clamped to
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-100 mV, a transient inward current was elicited (Fig. 2). Standard package MATLAB
was used for mathematic processing of the obtained experimental data. The following
effects were studied under the influence of the antagonists: degrees of currents sup-
pression and blockers removal by “washing”, “dose—effect” dependencies, antagonists’
influences on the activated and inactivated receptors; the kinetics of the antagonists’
action and removal as well as the analysis of dissociation constants (for blockers with
reversible action) and Hill plot, etc. The details of the described methods are supported

by the patents [20, 23, 24].

RESULTS AND DISCUSSION

The influence of the integral venom JSTX-V and toxin JSTX-3 from Nephila
clavata on chemo-activated transmembrane electric currents in rat hippocampal
membrane. Chemo-activated transmembrane electric currents in rat hippocampal neu-
ronal membranes and the influence exerted on them by the antagonists from N. clavata
(the integral venom JSTX-3 and its main active component toxin JSTX-3) were studied
in the electrophysiological experiments. JSTX-3 is the derivative of phenol coupled with
a polyamine group [22]. Approximately 300 electrically excitable neurons were studied
in our experiments. Transmembrane ionic currents — inward TTX-sensitive sodium cur-
rents and outward potassium currents — were initiated by membrane depolarizing from
-100 mV to -30 mV. Chemosensitive ionic currents were activated at holding potentials
from -100 mV to +20 mV by application of such agonists as L-glutamate (Glu), kainate
(KK) and quisqualate (QL) (Fig. 2). These agonists activated inward ionic electrical cur-
rents with two different kinetics: desensitized Glu- and QL-activated currents and
steady-state non-desensitized KK-activated currents. After the application of Glu and
QL followed by a rapid (about 10 ms) activation of currents to the maximum, a decline
in the amplitudes was registered due to the desensitization of the receptors. KK applica-
tion initiated inward non-desensitized currents; their amplitudes increased to the sta-
tionary levels, which were maintained. It was convenient to register effects of receptor
antagonists’ action at the background of such stationary currents [1, 21]. According to
the obtained data, all these agonists (Glu, KK, QL) activated the same membrane re-
ceptor system [1, 19]. The prepared hippocampal neurons (freshly dissociated and
taken from the culture) were sensitive to the inhibitory mediators — glycine and y-butyric
acid (GABA). Neither of the tested gCRC blockers (JSTX-V, JSTX-3) initiated chemoac-
tivated currents by themselves or changed the characteristics of electrically excitable
sodium input and potassium output currents [1, 19].

Integral JSTX-V venom and JSTX-3 toxin — irreversible antagonists of gCRC
of non-NMDA type. Integral JSTX-V venom and its main active component JSTX-3
toxin — gCRC antagonists from the spiders Nephila clavata were studied in as described
below. Substances for these experiments were used from both natural resources and
synthetic JSTX-3. The studied substances from N. clavata decreased the amplitudes of
Glu-, KK- and QL-activated ion currents (Fig. 2). Effects of JSTX-V and JSTX-3 were
studied at 10*—10* units/uL and 10-10-° mol/L concentrations, respectively. The ap-
plication of higher concentrations of the antagonists caused cell death. After the applica-
tion of lower concentrations of the antagonists the blocking process slowed down and
nearly stopped. These natural limits have determined the working concentration of an-
tagonists used in the experiments.
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Fig. 2.

Puc. 2.

A Glu JSTX-3
1 I

0.5nA

200 ms

JSTX-3 toxin blocking of Glu-activated (A) and KK-activated (B) ionic currents: A — after obtaining the
control response to Glu or KK, membrane was incubated in 2.5-10* units/uL JSTX-V during 3 min.
This caused the decrease of chemo-activated current amplitudes; B — after obtaining the control
response to KK, the JSTX-3 toxin influenced KK-activated current. Concentrations: Glu, KK — 1
mmol/L, JSTX-3 — 10* mol/L. V, .= -50 mV. Records A and B were made on different cells; C— gCRC
antagonist JSTX-V did not block glycine-activated ionic currents. Concentrations: glycine — 1 mmol/L;
JSTX-V - 2.5:10* units/pL. V, 4y = =100 mV. Comments: Glu — glutamate; KK — kainate; gCRC — glu-
tamate channel-receptor complex

BriokyBaHHSA TokcMHOM JSTX-3 rmyTtamartakTnBoBaHux (A) i kKaiHaTakTuBoBaHux (B) iOHHMX CTpyMiB:
A — nicns oTpuMaHHsA KOHTponbHOI Bianosiai Ha Glu abo KK membpaHy iHky6yBanu B 2.510 of./mkn
JSTX-V npotsirom 3 xB. Lle npu3Beno fo 3MeHLUEHHS amnniTyAn XeMo-akTVBOBaHUX CTpyMmiB; B —
nicnst OTpMMaHHs KOHTPOonbHOI BignoBiai Ha KK TokenH JSTX-3 Bnnueas Ha KK-akTBOBaHWI CTpyM.
KoHueHrTpauis: Glu, KK — 1 mmons/n; JSTX-3 — 10 monb/n; V., = =50 MB. 3anucu A i B 3pobneHi
Ha pi3HMX KniTuHax; C — aHTaroHict gCRC JSTX-V He 6rnokyBaB iOHHi CTpyMu, siKi akTUByBanucs
rniumHoM. KoHueHTpauii: rmiumH — 1 Mmone/n; JSTX-V — 2,510 op./Mkn. V, 4 = -100 MB. MpumiTku:
Glu — rnytamart; KK — kaiHaT; gCRC — rnmyTamaTHuin KaHano-peLenTopHUiA KOMMIeKC

Both integral venoms, JSTX-V and JSTX-3, blocked Glu-, KK- and QL-activated

currents. The degree of currents blocking was different for each substance. JSTX-V
never blocked currents completely, but reduced their amplitude to a new level. It blocked
the glutamate responses up to 36115 % of the initial values (the number of cells in the
experiment was n = 7), and KK-activated ones — up to 34116 % (n = 25) (Figs 2-5). In
contrast, JSTX-3 blocked ion currents activated by these agonists almost completely at
the holding potential of -100 mV. Under the action of this blocker, the amplitude of KK-

activated current decreased to 613 % of the initial value (n = 9) (Fig. 3)

The JSTX-V blocking effects were irreversible. Even prolonged up to 20-30 min,
the removal of the venom (“washing” of the venom) with both a normal extracellular
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solution (Fig. 3) and one with the changed value of pH in interval (5.0-9.0) did not re-
store the decreased amplitudes of electrical responses. The irreversibility of blocking
was also evidenced by the experimental results presented in Figs. 4A, B. After the
blocking of KK-activated currents with JSTX-V in the concentration of 2.5-10-° units/uL,
the amplitudes of the currents were not restored after 5 min of “washing” with a normal
extracellular solution. The subsequent application of JSTX-V in a higher concentration
of 2.5-10* units/uL did not cause any additional decrease of KK-activated currents’ am-
plitudes. The maximal blockage of chemo-activated currents was achieved after the
application of JSTX-V at minimal concentrations. Further increase of venom concentra-
tions increased the “noise” of the stationary currents.

A JSTX-V

0.25 nA

10s 50 s 10s

Fig. 3. Different types of blocking of KK-activated currents by venom JSTX-V and toxin JSTX-3: A — JSTX-V
reduced the amplitude of the control response by about 2/3 of the initial value; the amplitude was not
restored after 6 min of “washing” with Ringer’s solution; B — JSTX-3 blocked the response almost
completely. The response amplitude was partially restored after 15 secs of toxin “washing” with Rin-
ger’s solution (2) to a new level (3). Time calibration 1, 2, 3 is different. Concentration: KK — 1 mmol/L;
JSTX-V —2.5-10* units/uL; JSTX-3 — 5.0-10° mol/L. V,,,= —100 mV. Records A and B were obtained
on two different neurons. Here and in the following figures, the arrows show the moments of beginning
of blockers “washing”. Comment: KK — kainate

Puc. 3. PisHun xapaktep 6rnokyBaHHA KK-akTvBoBaHMX cTpymiB oTpyToto JSTX-V i TokcmHom JSTX-3: A —
JSTX-V 3meHwWwyBaB amnniTyqy KOHTPOMbHOI BiAMOBiAI NPMONM3HO Ha 2/3 NO4YaTKOBOI BENUYMHMU,
i amnnityga He BigHOBMOBanacs nicns 6 xB BiMUBaHHA po3dnHoM PiHrepa; B — JSTX-3 6rnokyBas
BiANOBiAb NPAKTUYHO MOBHICTIO, | aMnniTyaa BiANOBIAI YacTKOBO BigHoBMNOBanacs nicns 15 ¢ BigMu-
BaHHSA TOKCUHY po34nHoM PiHrepa (2) o Hosoro piBHs (3). KanibpysaHHs vacy 1, 2, 3 pisHe. KoHUeHT-
pauii: KK — 1 mmonb/n; JSTX-V — 2,5:10* oa./mkn; JSTX-3 — 5,0-10° monb/n. V, , = -100 mB. 3anucu
A i B oTpumaHi Ha ABOX pi3HMX HelpoHax. TyT i Ha HAaCTYMHUX PUCYHKaX CTpinKamun nokasaHi MOMeH-
TV NoyaTKy BigMuBaHHs bnokaropis. Mpumitka: KK — kaiHat

Unlike JSTX-V, JSTX-3 can be “washed” with a normal extracellular solution. In that
case, the amplitudes of the Glu-, KK- and QL-activated ion currents were partially reco-
vered, reaching on average about 39+17 % (n = 9) of the original value in the case of
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N
wn

Fig. 4. Reversibility of the action of JSTX-V venom and JSTX-3 toxin: A, B — JSTX-V irreversibly blocked
stationary KK-activated current in the concentration of 2.5:10° units/uL (A) and a repeated application
of a higher concentration of the venom of 2.5-10* units/uLdid not cause further blocking (B). Concen-
tration: KK — 1 mmol/L. V,,, =-100 mV. The recordings were made on one cell with different amplifica-
tions; C, D — JSTX-3 effects were partially reversible. The amplitude of KK-activated current was
partially restored by JSTX-3 “washing” with Ringer’s solution (A). The response could have been re-
blocked by JSTX-3 (B) (see text). Concentration: KK — 1 mmol/L, JSTX-3 — 10 mol/L. V,,, = =100 mV.
Comment: KK — kainate

Puc. 4. 3BopoTHicTb gii otpyTn JSTX-V i TokcnHy JSTX-3: A, B — JSTX-V He3BopoTHO BriokyBaB cTauioHap-
Hu KK-akTrBOBaHUiA CTpyM y KoHLUeHTpauii 2,5-10° oa./mkn (A), i noBTOpHa annikais BULLOT KOHLEHT-
pauii otpytu 2,5-10* of./MKN He npu3Boguna Ao noganbsiioro 6rokyBaHHs (B). KoHueHTpauis: KK —
1 mmonb/n. V, = -100 mMB. 3anucu 6ynu 3pobneHi Ha OfHii KNITUHI 3 PISHAMW NiACUNEHHAMY,
C, D — pia JSTX-3 byna yactkoBo o6opoTHot. Amnnityaa KK-akTBoBaHOro CTpyMy 4acTKOBO Bid-
HoBmtoBanacs nig vac sigMmaHHs JSTX-3 posdnHom PiHrepa (A). Bignosige morna 6yTv noBTOpHO
3abnokoBaHa TokcuHOM (B) (amB. TekcT). KoHueHTpauis: KK — 1 mmonb/n; JSTX-3 — 10 monb/m;
nigTpumyBsaHui notexuian V., = -100mB. NpumiTtka: KK — kaiHat
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KK-activated currents (Fig. 3). In addition, JSTX-3 demonstrated a significantly irrever-
sible effect, although its course slightly differed from that of JSTX-V. Figs. 4C, D demon-
strate that with a nearly complete disappearance of KK-activated current under the influ-
ence of the antagonist after “washing” with a normal extracellular solution for 19 min the
response was partially restored to approximately 39% of the original value. The reap-
plication of JSTX-3 after the “washing” caused almost complete blocking of KK-activa-
ted responses. After the second washing for 25 min (see Figs. 4C, D), the KK-activated
response was not fully restored and constituted 30-50 % of the value of the response
that followed the first “washing”. After several consecutive applications, it was not pos-
sible to wash the toxin longer. In the process of venom or toxin removal, the degree of
“washing” and its nature did not depend on whether this removal was carried out in
Ringer’s solution or in the presence of the agonists (Glu, KK).

JSTX-V did not influence the kinetics of desensitization of Glu- and QL-activated
ion currents.

Characteristics of JSTX-V and JSTX-3 action: potential dependence of ac-
tion, binding to activated and non-activated form of receptor. The type of JSTX-V
and JSTX-3 blocking depended on the holding transmembrane potential.

When JSTX-V influenced the neuronal membrane at the holding potential of -30 mV,
the kinetics of KK-activated currents blocking decelerated. The degree of blocking de-
creased significantly in comparison with similar experiments at the holding potential of
-100 mV (Fig. 5). The amplitudes of currents’ component that was not blocked by JSTX-V
increased and constituted 50-80 % of the initial values.

At the holding transmembrane potential equal to 0, in a number of cases (17 %),
a tendency to restore the Glu- and KK-activated responses after the JSTX-V action was
registered. A slight recovery occurred when the JSTX-V was washed with a normal ex-
tracellular solution for 3-10 min.

In similar experiments with JSTX-3, the potential-dependence of KK-activated cur-
rent was particularly noticeable: almost complete blocking at the holding potential of
-100 mV became incomplete when the potential increased to -30 mV (Fig. 5C, D). The
current amplitude after the “washing” of JSTX-3 at the holding potential of 0 mV also
exceeded the amplitude of responses restored during the “washing” at -100 mV. Appa-
rently, this phenomenon reflects a decrease in the effectiveness of venom and toxin
action during membrane depolarization.

The obtained results indicate that both JSTX-V and JSTX-3 interact with both activa-
ted and non-activated forms of receptors. In Fig. 5C, D, one can see that after receiving
the control KK-activated response and a subsequent “washing” of KK, 2.5-10* units/uL
JSTX-V was applied to the cell membrane. A repeated KK application activated a cur-
rent that corresponded to 34116 % of the control value, i.e. a component that had not
undergone JSTX-V blocking. A subsequent application of JSTX-V at the same concen-
tration did not cause an additional decrease of current amplitude.

Thus, JSTX-V irreversibly influenced receptors before their activation. In compari-
son, the results in Fig. 3, 4A, B, demonstrate that JSTX-V venom acted on the activated
receptors, since blocking was at the background of KK action.

The study of the effects of JSTX-3 on glutamate receptors in activated and non-
activated forms showed similar results to those described above. JSTX-3 blocked both
open and closed KK-activated channels. The results of these experiments are shown in
Fig. 2A,B; 4C, D.
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Fig. 5.
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V, =-100 mV —_
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Potential-dependence of the action of JSTX-V venom and JSTX-3 toxin: A, B — potential-dependence
of JSTX-V action. (A) Blocking of KK-activated current slowed down and the degree of blocking de-
creased at the holding potential of -30 mV in comparison with similar experiments at -100 mV (B).
Experiments A and B were done on two different neurons. Concentration: KK — 1 mmol/L; JSTX-V —
5.0-10° units/uL; C, D — Potential-dependence of JSTX-3 action. The velocity of toxin blocking action
decreased at the holding potential of -30 mV (A) in comparison with a similar experiment at-100 mV (B).
Recordings were made sequentially on one neuron, the amplification of (B) was changed in com-
parison with (A). Concentration: KK — 1 mmol/L; JSTX-3 — 10 mol/L. Comment: KK — kainate

3anexHicTb Big noteHuiany aii otpytn JSTX-V i TokcnHy JSTX-3: A, B — noTeHujianosanexHictb aii
JSTX-V. (A) BnokyBaHHa KK-akTvBOBaHOro CTPyMy CrOBINbHIOBANOChk i CTYNiHb OIOKyBaHHS 3MeH-
LyBaBcs 3a niaTpMMyBaHoro noteHuiany -30 MB nopiBHAHO 3 aHanoriYHMMK ekcrneprMeHTaMun 3a
-100 mB (B). EkcnepumeHT A i B npoBefeHi Ha OBOX pi3HMX HelpoHax. KoHueHTpauis: KK —
1 mmonb/n; JSTX-V —5,0-10 5 og./mkn; C, D — noTeHujianosanexHicTb Aii JSTX-3. LBunakicTs Groky-
BaHHSA TOKCMHOM 3MEHLLyBanacs 3a 3HayeHHs niaTpumysaHoro noteHuiany -30 MB (A) nopiBHSIHO
3 aHanoriyHum ekcriepumeHTom 3a -100 mB (B). 3anucy 3pobneHi NnocnifoBHO Ha OQHOMY HENPOHI,
nocuneHHsi (B) 3amiHeHo nopiHsHO 3 (A). KoHueHTpauis: KK — 1 mmonb/n; JSTX-3 — 10* monb/n.
Mpumitka: KK — kaiHat

Kinetics of JSTX-V and JSTX-3 interaction with channel-receptor complexes.
The use of KK, the gCRC agonist that did not cause the desensitization of their receptors,
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enabled us to visualize the kinetics of JSTX-V interaction with the membrane channel-
receptor complexes of isolated hippocampal neurons and analyze the dependence of
this interaction on the concentration of JSTX-V and JSTX-3.

The velocities of the irreversible blocking of gCRC by the studied antagonists were
close to exponential (Fig. 6). It allowed determining the time constants of t decline for
various concentrations of the antagonists. The dependency of 1/t on concentration of
JSTX-V venom and JSTX-3 toxin were studied and subsequent calculations were done.
Within the limits of experimental accuracy, the dependency for venom JSTX-V was
demonstrated as a linear one approximated by a direct line passing through “0” of axes,
corresponding to a simple mechanism of irreversible blocking

P+T—<>PT (1)

where P is the receptor locus of gCRC,T is the molecule-antagonist of the receptor
(here: JSTX-V), PT is gCRC blocked by the antagonist (here: JSTX-V), k is the constant
of the velocity of blocking.

In this case, the constant of blocking velocity is linked with the concentration of the
antagonist:

1/t = K[T] (2)

This effect was registered for JSTX-V, and value k for JSTX-V, calculated in these
experiments, was k = 4.4-10% uL/(units-s).

The same dependency of KK-activated currents blocking kinetics on JSTX-3 con-
centration is presented in Fig. 6B. This dependency is close to linear one, its approxi-
mating direct line is higher then “0” of coordinate axes. Such dependency corresponds
to irreversible blocking:

P+T—opT 3)
1
where k, and k_,, respectively, corresponded to velocities of direct and reversed reaction
of toxin binding to gCRC. The dependency of t on the concentration corresponds to the
mechanism:

1t = k[T + k. 4)

The experimental data shown in Fig. 4C, D allowed estimating two velocity con-
stant rates for the interaction of JSTX-3 with channel-receptor complexes according to
the slope of the direct line and its intersection with the axis of ordinate:

k, =2.1-10% L/(mol.s) and k_, = 2.7-102 1/s.

Measurement of the kinetics of JSTX-3 “washing” during the recovery of KK-acti-
vated ionic currents allow estimating the value independently in another way. Such
measurements gave value k , = 1.3:102 s (number of neurons n = 4) that is close in
order to the value obtained from the plot in Fig. 4C, D. Thus, the value of the dissocia-
tion constant of interaction between the reversibly acting JSTX-3 component and recep-
tors corresponds to the interval from K, = 6.2:10€ mol/L to 1.3:10° mol/L.

Assuming that the isolated active fraction is the main active component of JSTX-V,
by comparison of direct constants of venom and its fractions interaction with channel-
receptor complexes, it is possible to estimate the content of the toxin in previously pro-
posed conditional unit:

1 unit corresponds to 2.1 umol of the toxin.
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Fig. 6.
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Numerical dependence of the action of JSTX-V and JSTX-3: A — dose—effect relationship for Glu-
activated currents in control (1) and under the influence of 5.0-10°° units/uL of JSTX-V on the cell.
Current values at the peak points were normalized to the maximum. The curves are single-bond iso-
therms with the values of K, = 1.1-10° mol/L (1) and K, = 2.35-10"* mol/L (2); B — concentration depen-
dence of the kinetics of KK-activated currents blocking with JSTX-3 toxin. Absciss axis — JSTX-3
concentration in mol/L; ordinate axis — 1/1, s'. Each point corresponds to the value 1/t obtained from
the mean values of 2—4 neurons, V, , = -100 mV. Vertical segments show the standard errors of
measurement. Direct lines were drawn using the least squares method; C, D — volt-ampere characte-
ristics of Glu- and KK-activated ionic currents in control (C) and under the influence of 5.0-10° units/uL
of JSTX-V on the neuronal membrane (D). The concentration of each agonist was 1 mmol/L. The
extracellular solutions contained NaCl = 156 mmol/L, the intracellular solutions — KF = 100 mmol/L
and Tris-Cl = 30 mmol/L. Records C and D were made on different neurons. Direct lines were plotted
using the least squares method. Reversal potentials of currents were close equal to C 29 mV
and 31 mV for Glu- and KK-activated currents, respectively, and to D 21 mV and 32 mV for JSTX-V.
Comments: Glu — glutamate, KK — kainate

Yucnosa 3anexHictb aii JSTX-V i JSTX-3: A — 3anexHocTi fo3a—edeKT ans Glu-akTMBoBaHuX cTpy-
MiB y koHTponi (1) i 3a aii Ha kniTuHy 5,0-10° oa./mkn JSTX-V. 3Ha4YeHHs cTpyMiB y Toukax Mikis Hop-
Mani3oBaHi LWoAo MakcumanbHux. Kpusi sBnsitoTb coboto i30TepMu 0gHOMICHOTO 3B’S3yBaHHS 3i 3Ha-
YyeHHsm K, = 1,1-10° monb/n (1) i K, = 2,35-10* Monb/n (2); B — KoHUeHTpaLiiiHa 3anexHICTb KIHETUKY
6nokyBaHHsi KK-akTBoBaHux cTpymiB TokcuHom JSTX-3. Mo oci abcumc — koHueHTpauis JSTX-3
Monb/f, no oci opauHat — 1/t, ¢'. KoxHa Touka BignoBigae 3HadeHHo 1/t, WO OTpUMaHi 3i cepeaHix
3HayveHb Ha 2—4 HemnpoHax, V,,, = -100 MB. BepTtukanbHumu Bigpiskamu rnokasaHi cepeHbLoOKBaj-
paTuyHi noMunku Bumipy. Mpsimi npoBefeHi 3a MeToAoM HalMeHLLNX kBagparis; C, D — BonbT-amnepHi
xapaktepuctukn Glu- i KK-akTnBoBaHuUxX ioHHUX CTpyMmiB y KoHTponi (C) i 3a Aii Ha MmembpaHy HelipoHa
JSTX-V 5,0-10° oa./mkn (D). KoHUeHTpaList KoxXHOro 3 aroHicTiB 6yna 1 Mmonb/n. Mo3akniTuHHI po3-
yuHm mictunm NaCl = 156 mmonb/n, BHYTPiWHLOKNITMHHI KF = 100 mmone/n, Tris-Cl = 30 mmonb/n.
3anucu Ci D oTpumaHi Ha pisHMX HepoHax. Mpsmi npoBeaeHi MeToaoM HaliMeHLnX kBagparTis. [o-
TeHuianu pesepcii cTpymiB 6nuabki i ctaHoBunu ansa € Glu- i KK-akTBoBaHMX CTpyMiB BiAmnoBigHO
29 MB i 31 MB y koHTponi Ta D 21 mB i 32 mB 3a gii JSTX-V. Mpumitku: Glu — rytamart, KK — kaiHat
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This estimation of concentration is in good agreement with those obtained pre-
viously based on the assumption that the molecular weight of the toxin corresponds to
500 Da. Thus, the used JSTX-V concentrations were in the interval from 2.0-10® to
2.0-10* mol/L.

The dependency of 1/t on the concentration of toxin JSTX-3 — antagonist of KK-
activated currents — is demonstrated in Fig. 6B. Similarly to the previous case of JSTX-V,
this dependence was linear and can be approximated by a direct line, but passed above
the coordinate “0” reflecting a simple irreversible blocking mechanism.

Components of chemo-activated currents that were not blocked by JSTX-V
venom. We demonstrated that JSTX-V and JSTX-3 did not block Glu- and KK-activated
currents completely; after their action was unblocked, ,residual” components of currents
remained. After the action of JSTX-V, the values of the unblocked component ampli-
tudes reached 2/3 of the initial amplitudes (Figs. 2—4).

A series of experiments was devoted to the investigation of the properties of these
unblocked currents’ components. The current-voltage characteristics of the ,residual’
components of Glu- and KK-activated currents after JSTX-V blocking were obtained.
These voltage-current characteristics are shown in Figs. 6C, D. They were linear for
both agonists before and after the action of antagonists, and the reversing potentials of
these currents varied slightly (the records of currents are shown in Figs. 6C, D). There-
fore, the nature of the unblocked current components did not change as a result of
JSTX-V blocking action.

Also, the dose—effect relationship was investigated for binding of Glu molecules to
gCRC both before JSTX-V blocking and after it. Similarly to control dependencies, they
could be approximated as single bond isotherms and demonstrated the absence of coope-
rativity. The value of dissociation constant K, for the glutamate with the receptor obtained
from the dose-effect was K, = 2.36-10* mol/L. It was slightly lower than the K, value of
glutamate in the control experiments before the venom influence, but didn’t differ signifi-
cantly according to value order: K, = 1.1-10-* mol/L for Glu and K, = 5.0-10* mol/L for KK.

Biological requirements of Nephila clavata and physiological effects of JSTX-V,
JSTX-3. We studied chemo-activated transmembrane electric currents in the membra-
nes of rat hippocampal neurons and influenced them by antagonists from N. clavata —
integral venom JSTX-3 and its main active component toxin JSTX-3. The purpose of
such experiments was to investigate electrophysiological characteristics of gCRC, the
mechanisms of gCRC functioning, and study the details of Glu-R chemical structure.
The main results of our study are summarized in Tables 1 and 2 that present the
mathematical descriptions of the blocking effects. These antagonists in the used con-
centrations under the voltage-clamp conditions decreased the amplitudes of Glu-, KK-
and QL-activated currents. The kinetics of activation and desensitization (in case of Glu
and QL) of currents were not affected by these antagonists.

It should be emphasized that the action of both antagonists depended on the hol-
ding transmembrane potential. Such dependency may evidence that it was the ion
channel of gCRC channel-receptor complex that was blocked. The kinetics of gCRC
antagonists’ actions demonstrated the following regularity: when the concentration of
the antagonist in the solution increased, the velocity of blocking increased too (the rate
of blocking increases with the increasing of toxins’ concentrations). Because of partial
reversibility of JSTX-3 action, the K, value could be calculated — 6.2.10° mol/L (Table 2).
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Table 1. The comparison of general characteristics of KK-activated ionic currents
blocking by integral venoms from Nephila clavata and Argiope lobata and toxins
(their main active components) isolated from them

Tabnuys 1. NMopiBHAHHA 3aranbHUX XapaKTepucTUk b6rokyBaHHA KK-akTMBOBaHMX iOHHMX
cTpymiB winicHumu otpytamu 3 Nephila clavata i Argiope lobata Ta BugineHux
i3 HUX TOKCUHIB (IX OCHOBHUX aKTUBHMX KOMMOHEHTIB)

Effect
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JSTX-V + 34.0 34.0 + + + + - - 1 1
JSTX-3 + 6.0 39.0 + + + - - - 1 1
AR-V + 14.4 34.0 + + + - - - 2 1
AR + 19.0 77.0 + + + - - - 2 1

Comment: KK — kainate; gCRC - glutamate channel-receptor complex
Mpumitka: KK — kaiHat; gCRC — rmyTtamaTHuin kaHano-peLenTopHUI KOMMIEKC

Table 2. Kinetic characteristics of blocking of KK-activated ionic currents by integral
venom from Nephila clavata and JSTX-3 toxin in comparison with argiopin toxin
from Argiope lobata

Tabrnuys 2. KiHeTu4Hi xapakTepuctukm 6nokyBaHHsa KK-akTMBOBaHMX iOHHUX CTpyMiB Li-
nicHoto otpyTtoro 3 Nephila clavata i TokcuHy JSTX-3 NOpiBHAHO 3 TOKCUHOM
aprioniHom 3 Argiope lobata

Constant rates for velocity of blocking Velocity of recovery of Dissociation

Antagonist (direct reaction) currents’ amplitudes constant
k, k, v_=1_ K,
JSTX-V 4.4-10® ul/units's - - -
JSTX-3 2.1-10% L/(mol's) - 1.3.102s" 6.2:10° mol/L
Argiopin (AR) 1.6-10° L/(mol's)  0.85-10* L/(mol's) 421072s" 2.5-10 mol/L

Comments: KK — kainate; k, k, — constant rates of the velocity of blocking (direct reaction); v_ — the velocity
of recovery of currents’ amplitudes; t_ — time constant of currents’ amplitudes recovery; K, — dis-
sociation constant

Mpumitkn: KK — kaiHaT; k; k, — KOHCTaHTW LUBUAKOCTEN BNOKYBaHHA (MpsiMa peakuis); v_ — WBWUAKICTb Bia-
HOBMEHHS aMnniTya CTPYMIB; T_ — KOHCTaHTa 4Yacy BiAHOBMEHHSA amnniTyd cTpymis; K, — KOH-
cTaHTa gvcouiauii

The problem of an adequate selection of enzymes for the process of brain neurons
pretreatment before gCRC studies with the use of antagonists from N. clavata and A. lo-
bata require additional study. Drawing from our experience, the use of proteases from
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Aspergillus oruzae demonstrated the best effects: amplitudes of Glu- and KK-activated
ionic currents were 11,8 times higher after the influence of A. oryzae proteases then
after pretreatment of the object with traditionally used trypsin, pronase or collagenase
(separately or in mixtures) [20, 24]. The standard methods of the enzymatic treatment
demonstrated noticeably worse results: currents’ amplitudes were lower, neurons were
in a worse condition (dead or they died quickly during electrophysiological experiment),
“noises” in the experimental electrical circuits were higher and sometimes masked use-
ful signal. Thus, proteases of A. oryzae caused more pronounced effects.

Proteases are known to be present in spiders’ venoms in large quantities [6, 22,
35]. During the bite, along with the toxins a spider introduces into the victim’s body
a digestive secret with proteases and a significant number of free amino acids, mainly
glutamate [22, 35]. These substances were present in our experimental chambers du-
ring the experiments with the registration of Glu-, KK-activated ionic currents as well as
molecules of proteases that could remain in the experimental conditions in the gCRC
vicinity in spite of “washing”. Such a combination of substances may lead to the forma-
tion of a specific molecular system that is similar to the one in the living nature. In the
process of evolution, such a molecular system could have appeared to satisfy biological
effects for the “spider-victim” pair. There is a possibility that in the course of our experi-
ments, we recreated the close-to-natural conditions that are the best for gCRC blocking
with Araneidae antagonists (from N. clavata as well as A. lobata). In such a case, the
formation of a molecular system “gCRC — glutamate — antagonist — proteases” might be
needed for studying the effects of such substances. Future investigations can confirm
or disprove the verity of the suggested hypothesis.

CONCLUSIONS

1. The effects of Nephila clavata integral venom were studied in the concentrations
of 108-10* units/uL, the effects of JSTX-3 in the concentrations of 10°~10-° mol/L.
These antagonists in the used concentrations under the voltage-clamp condi-
tions decreased the amplitudes of Glu, KK, QL-activated currents. The kinetics
of activation and desensitization (in case of Glu, QL) of currents were not af-
fected by these antagonists.

2. The blocking effect of JSTX-V was irreversible; the JSTX-3 effect was slightly
reversible. For both antagonists, the constant rates for the velocity of blocking
(direct reaction) and the velocity of currents’ amplitudes recovery for JSTX-3
were calculated. Because of partial reversibility of JSTX-3 action, the K, value
can be calculated: 6.2:10° mol/L.

3. JSTX-V and JSTX-3 action depended on the holding transmembrane potential;
this might be the evidence that the ion channel of gCRC channel-receptor com-
plex was blocked.

4. Some of the registered effects were similar for both JSTX-V and JSTX-3: one-
exponential type of gCRC blocking and blocking of gCRC in an activated state;
but JSTX-3 can block gCRC in the inactivated state too. Some physiological
effects of JSTX-V and JSTX-3 were explained; they reflect biological necessi-
ties of N. clavata.

5. JSTX-3 toxin demonstrated unique blocking effects; that is why it was proposed
for the role of a “universal gCRC marker”.
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6. The use of proteases from Aspergillus oruzae for hippocampal neurons pre-
treatment demonstrated the best effects: the amplitudes of Glu- and KK-activa-
ted ionic currents were 11,8 times higher than after this object pretreatment with
the traditionally used trypsin, pronase or collagenase. In such a way, close-to-
natural conditions, which are the best for gCRC blocking with Araneidae antago-
nists from N. clavata and A. lobata, were modeled. The formation of the molecu-
lar system: “gCRC — glutamate — antagonist — proteases” might be important for
the investigation of gCRC antagonists’ effects.
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BNAMB oTpyTU naBykiB Nephila clavata Ta Tl rONOBHOrO akTUBHOIMO KOMMOHEHTY — TOKCU-
Hy JSTX-3 Ha rmyTaMaTHUin KaHano-peLenTOPHUN KOMMIEKC.

MeTtoau. KaiHaT 6yno 3acTocoBaHO K aroHiCT ryTaMaTHUX KaHarno-peLenToOpHNX
KOMMJIEKCIB, OCKINbKM BiH iHiLil0OBaB y MemMOpaHax rinokamna LypiB TpaHCMeMOpaHHi
€NEeKTPUYHI CTPYMU, L0 HE ECEHCUTU3YBamMCs; Ha TIi TakMx CTPYMiB MOXHa Byno go-
Ope pocniokyBaTu Ail0 aHTAroHICTIB rMyTamaTHMX KaHano-peLenTOpHUX KOMIEKCIB.
Yci gocnigkeHi XiMivHi pe4oBUHK annikyBany Ha MeMbpaHu nepdy3oBaHMX NipamigHuX
HEMpOHIB rinokamna, 3acTOCOBYHOUYM METOAUKY “dhikcauii KoHUeHTpauii” Ta dikcauii no-
TeHuiany.

Pe3ynbraTn Ta 06roBopeHHsA. BctaHoBMEHO, WO UinicHa oTpyTa i TOKCUH JSTX-3
OnoKyHTb IMyTaMaTHi KaHano-peLenTopHi KOMMNNEKCU. AMNNITYAN enekTPUYHUX TpaHc-
MeMOpaHHMX CTPYMiB, akTMBOBAHMX rMyTamMaToM, KaiHaToM, KBiCKBariaToM, 3MeHLLYBa-
nucs (iHogi Ao Hynsl) Micns annikauii aHTaroHICTiB rMyTaMaTHUX KaHano-peLenToOpHMX
KOMMJIEKCIB Ha MeMOpaHy rinokamna LypiB B yMoBax cikcauii noteHuiany. Lli aHTaro-
HICTM He BMNMBAanM Ha KiHETMKY aKTMBaUii Ta geceHcuTu3auii (y BUNaaKy rnytamary,
KBicKBanaTy) TpaHCMeMOpaHHUX eNEKTPUYHNX CTpyMiB. Bnnue winicHoi otpytn Nephila
clavata pocnigxyBanu 3a koHueHTpauin 108-10* oa./mkn, a edpekt JSTX-3 — 3a KOH-
ueHTpauin 10°~10° monb/n. LlinicHa oTpyTa Hikonu noBHicTi0 He GriokyBana gochigxy-
BaHi CTPyMK, a TiNbKM 3MeHLLyBana ix amnnitygmM 0O neBHUX piBHiB. LlinicHa oTpyTa
©nokyBana rmytamaTtakTMBoBaHi cTpymu o 36115 % noyaTkoBMX BENNYUH, KaiHaTakTu-
BOBaHi — 0o 34116 %. HaBnaku, JSTX-3 GnokyBaB iOHHi CTPyMUW, aKTMBOBaHi LIMMM aro-
HiCTaMK MPaKTUYHO MOBHICTIO (80 613 %) 3a noteHuiany -100 mV. Briokytoyi edbektn
uinicHoi oTpyTn 6ynn He3BOPOTHUMMU, Ha BiAMiHY Big 4aCcTKOBO 3BOPOTHOI Aii JSTX-3.
BigMiHHOCTI Mi>k aHTaroHicTaMy TakoXX Monsiranu B KiflbKiCHUX XapakTepucTukax iXHbOT
onokytoyoi aii. JocnigkeHo BNIIMB aHTAroHIiCTIB HA CTYNiHb OrIOKyBaHHSI CTPyMiB Ta Bia-
HOBIEHHS X cNocobom “BigMMBaHHS", Ha 3aneXHICTb “Ao3a—edeKkT”, Ha akTMBOBaHI Ta
iHaKTMBOBaHI peLenTopu, Ha KIHETUKY Aii 1 BuOaneHHs aHTaroHicTiB, HA KOHCTaHTU ANCOo-
Liauii 6riokaTopiB 3i 3BOPOTHOI A€ TOLLO.

BucHoBKK. 3pobneHo BUCHOBKM LLIOAO MEXaHi3MiB Aii LMX PeYOBUH Ha rryTamar-
HUM KaHano-peLenTopHUIA KOMMSMEKC, a TaKoX MpPOBEAEHO MOPIBHSAHHS CAPUYMHEHUX
egekTiB. O6roBopeHO BNNMB nonepeaHbOi 0OpOOKM HEMPOHIB rinokamna npoTeasamu
Aspergillus oryzae nig yac nigrotoBku ix 4o gocnigis. CTBOpeHo goisnyHy Moaernb More-
KYNSIpHOI cUucTeMu “riyTaMaTHUi KaHano-peLenTopHM KOMMNIEKC — riyTamar — aHTaro-
HIiCT — npoTeasn”.

Knrodoei cnoega: Araneidae, oTpyTa, TOKCUH, @aHTaroHIiCT rryTamaTHUX peuenTo-
piB, TPAHCMEMOPaHHUIN ENEKTPUYHUIA CTPYM

Received / OgepxaHo Accepted / MpuiHaTo Published / Ony6nikoBaHo
19 May 2020 31 August 2020 30 September 2020

ISSN 1996-4536 (print) ¢ ISSN 2311-0783 (on-line) e BionoriyHi Ctygii / Studia Biologica e 2020 e Tom 14/Ne3 e C. 29-48



