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Toxins-antagonists of glutamatergic synapses were found in venoms of different
terrestrial Arthrpopodae, both Insecta and Aranei. Chemical structures of some of them
were described, and a majority of such substances are derivatives of phenol and indole.
They are used successfully for electrophysiological investigations of membrane struc-
tures, and present review is devoted to some results of such studies that may be useful
for laboratory investigations. Here, we described chemical structure of some toxins, as
well as the results of electrophysiological registration of activities of different venoms
and toxins of Arthropodae. Hypotheses that explain physiological effects of the sub-
stances — antagonists of glutamate receptors depending on the peculiarities of their
chemical structures are suggested. The role of different sites of toxins’ molecules in
blocking of glutamate receptors is discussed. The information about venoms’ compo-
nents of Insecta family Sphecidae (Philanthus triangulum), and of some Araneidae spi-
der species of Argiope, Araneus, Nephila genera is also presented.

Keywords: Arthropods’ venoms, toxins, receptor antagonists, transmembrane
electric current

Arthropods’ toxins are highly specific natural substances; some of them are phenol
and/or indole derivatives. Toxins-antagonists of the glutamatergic synapses are used
for the electrophysiological investigations of membrane structures. Such glutamate
receptors’ antagonists of natural origin were also found in venoms of different terres-
trial Arthrpopods, both Insecta and Aranei. Chemical structures of some of them were
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deciphered as phenol or indole derivatives. Here, we described chemical structure
of the most important arthropods’ toxins, as well as some results of electrophysiological
studies of the biological activities of their venoms and toxins. The information about
venomous components of predatory Insecta from family Sphecidae (Philanthus triangu-
lum), and some spider species from genera Argiope, Araneus, Nephila (fam. Aranei-
dae) are also presented. Taking into consideration these data, we proposed the hypothe-
ses that explain physiological effects of studied substances, namely the antagonists
of glutamate receptors, depending on the peculiarities of their chemical structures.
Finally, the role of different sites of toxins’ molecules in blocking of glutamate receptors
is discussed.

Investigations of potential glutamate receptors’ antagonists obtained from venoms
of different terrestrial Arthropodae primarily of Argiope and Araneus genera have star-
ted actively in 1980th, and they stay promising for studying of the glutamate receptors
[16, 20, 29, 59]. It is known that not only spiders (Araneidae) are producers of toxins —
antagonists of glutamate receptors, but some other Arthropodae do that as well. A spec-
trum of such organisms and, respectively, their toxins are extremely wide. Brief informa-
tion on the properties of venoms and toxins of the arthropods was presented in [2, 36,
39, 48-50]. Here, we provide more information on the results of experimental studies of
glutamate receptors antagonists from different arthropods’ venoms, as well as the re-
sults of studies of chemical structure of some toxins obtained from these venoms. The
results of studying different natural toxins for the neurophysiologic purposes are well
described in the monographs by P.G. Kostyuk, O.O. Krishtal, I.S. Magura, and |.V. Skok
[58, 63, 81]. These investigations were continued by the representatives of scientific
schools headed by the above mentioned scientists in collaboration with their foreign
partners [2, 36,]. Nowadays, the results of study of specific toxins from Arthropodae (in-
cluding Araneidae toxins), as well as other similar phenol and indole derivatives were
applied in agriculture [16, 20, 29, 59] and in the methods of ecological monitoring of
environment [38-57]. Some of these results were supported by the patents [46-57]. Our
review is devoted to Arthropodae toxins’ study and application [1-19, 21-37, 60-97].
Study of chemical structure of arthropods’ toxins allowed to define their possible role, as
well as the role of their fragments in blockage of different channel-receptors complexes
(CRC) [5, 8, 12, 22, 23, 28, 35, 37, 40].

Antagonists of glutamatergic synapses in venoms of different terrestrial Ar-
thrpopods and experimental study of their biological activity. At the end of 20th
century, the investigators of different countries started isolation and study of the proper-
ties of some antagonists of glutamate receptors [2, 36, 24—92]. The producers of such
antagonists were found in spiders of seven species living on the territory of former So-
viet Union: Agalenatea redii, Mangora acalypha, Neoskona adianta, N. cruciferoides
Nuctenea folium, Zuciella caspica (Middle Asia territories of the former USSR), Araneus
diademetus (Caucasus). The venoms of these spiders blocked micro-excitable post-
synaptic potentials (MEPSP) and excitable post-synaptic potentials (EPSP) in locust
neuromuscular junctions and potential in a final plate of the frog’s muscle. The effect of
that venom was irreversible, and during second application, the response was possible
to restore after the antagonist was removed by “washing” (physiological solution) of the
membrane subjected to the effect of the antagonist [84].
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The blockers with similar properties have been found in New Zealand’s Araneidae
venoms: Argiope trifasciata, A. aurantia, A. florida, Araneus gemma, Araneus andreusi
and others [12, 28, 35]. The biologically active fractions of these venoms blocked in
the reversible manner the ion currents appearing in the post-synaptic membrane of lo-
cust nerve-muscular junction after the application of glutamate [8]. The lower limits of
toxins concentration that blocked glutamate-activated potentials in locusts muscle were
108-10"° M in the experiments with glutamate ionophoretic application. For obtaining
the same blocking effect in experiments with the excitation of nerve terminals, it was
necessary to use an order or even higher concentrations of toxins. That fact evidenced
that toxin interacts with glutamate channel-receptor complex (CRC) in the activated
state, since during the glutamate application, most CRC stay in this state [8]. After
washing of the toxin with a solution containing glutamate, a recovery of responses was
delayed or not registered at all [8]. However, although a sensitivity of locust post-synap-
tic membrane was possible to recover by washing of the antagonist with normal physio-
logical solution, there was an irreversibility of toxins’ action. However, at the repeated
application of toxins to the same preparation, a recovery of the membrane’s sensitivity
worsened [28].

Araneidae toxins affected a kinetics of excitatory postsynaptic currents. Under the
influence of toxins, the time of amplitude growth decreased, but their time of amplitude
falling often increased and became a biphasic one [8]. The effect of toxins depended on
the potential and concentration of substances, and it depended on these variables in the
experiments with arginine. For example, the blocking velocity was slowed by reducing
of toxins’ concentration [8, 28].

During a study of the composition of venoms’ active fractions of Araneidae spiders,
it was found that some of these toxins are present in different venoms. For example, the
venoms of A.trifasciata, A.florida, A.aurautia, A.andreusi, A.gemma contain the polypep-
tide with molecular weight of 636 Da, called argiotoxing,. Its chemical structure was
shown to be identical to the argiopin (AR) previously isolated from a venom of A. lobata
by Dr. E.V. Grishin [28, 35]. A study of toxins from N. clavata, A. lobata was pioneering,
and a study of antagonists from other Arthropodae venoms is in progress [2, 22, 23, 36].

The blocking properties of the argiotoxing,, were similar to such properties of the
argiopin. The results of studying of glutamate-activated single channels in locusts [28,
35] and synaptic transmission in rats’ hippocampal slices [6] demonstrated that argioxin
blocked the glutamate receptors in the post-synaptic membranes in a reversible man-
ner. The argioxin was used in concentrations of 10%-10° M. The effect of the toxin was
dose-dependent at concentrations of 104-10°M and 2.5-10%-7.5-10° M for two series
of experiments. In those experiments, the argioxin blocked both kainat- and quisqualate-
sensitive receptors. In slices of rat’'s hippocampus, the argiotoxin did not influence
GABA-induced inhibition or aspartate-caused spikes which proved that argiotoxin does
not interact with GABA or NMDA receptors [6].

There are numerous data on blocking properties of the argioxin in experiments
aimed at study of single glutamate-activated channels. During a study of kinetics of
toxin’s action, three types of channels were registered [35]. The first type was characte-
rized by a decrease of probability and frequency of channels opening, an increase of
time of their life in a closed state, and practically unchanged (comparing to control) time
of life in the open state. For a second type of channels, a further decrease of probability
and frequency of channels’ opening was registered, a further increase in time of life in
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a closed state, and a reducing of the life time in an open state. For the third type, chan-
nels opening almost did not happen. With an increase of toxin’s concentration or an in-
crease of an exposure with constant concentration, the types of channels could be ar-
ranged in the following manner: type 1 — type2 — type 3.

It was demonstrated that similar to the argiopin, the argiotoxin interacts mainly with
open channels [35]. However, it can also be bound with closed channel, and this initiate
a described sequence of processes. After binding with closed channel, the toxin allos-
terically positively modulates binding of the glutamate with the complex. That increased
a probability of channel opening and, thus, its subsequent blockage by a second argi-
oxin molecule. The following blocking scheme was proposed by Jackson [28]:

A+P <= AP == AP* = AP*B

I

AP B

where A is an activating molecule of the agonist, P,P* are the receptors that correlated
with closed and open state of the channel, and B is a molecule of the antagonist.

Such scheme of blocking was confirmed by speculations that have been done on
a basis of data obtained in the experiments on blocking of single channels. A probability
of the effect of toxin binding to the receptor with a site of the glutamate binding is
enough low. However, more realistic is a scenario in which the toxin interacts first on the
surface of the membrane with lipids or glycocalyx, possibly, being accumulated, and
then influences the receptor [28].

There is a high amount of free glutamate found in Araneidae venoms, that can
reach concentrations of 130-425 mM [17]. This glutamate might play a role in the acti-
vation of those glutamates CRC that were inactive previously followed by interaction
with the argiotoxin [17].

Components of venom of Philanthus triangulum — antagonists of glutamate
receptors. Araneidae are not unique for Arthropodae species that are producers of
toxins-antagonists of the glutamate receptors. The phylantotoxins from venom of the
predatory P. Triangulum insect possess similar properties as other known antagonists of
the glutamate receptors [35, 77, 96]. Four toxins — alpha, beta, gamma, and delta-phy-
lanto-toxins (PTX) [37] have been purified from the venom of Philanthus triangulum and
identified; then, the fifth one was detected [8]. Chemical structure of one of them was
studied that is the a-phylantotoxin with a molecular weight of 433 Da that interacts with
the glutamate receptors (Fig. 1) [28]. Its molecule has common features with spider
toxins described above. It is a polyamine coupled with the oxyphenol.

A similarity with Araneidae toxins has been also found in the action of PTX toxins
toward the glutamate receptors. Delta-PTX (molecular weight of about 700 Da) blocked
postsynaptic excitatory currents and glutamate-induced depolarization in the nerve-
muscular junction of the locust at concentrations of 10°-107 M [8]. Besides, it reduced
an amplitude and reduced the time of miniature potentials decrease recorded extracel-
lularly [35]. A study of single channels in the locusts muscle showed that delta-PTX
blocked glutamate channel-receptor complexes in the activated state. Blocking both
integral venom and delta- PTX had a reversible effect. However, unlike the argioxin,
a recovery of responses was faster if there was an agonist in the washing solution and,
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thus, the glutamate receptors were activated [8]. The delta-PTX also demonstrated
a presynaptic action by inhibiting of the re-uptake of glutamate [37]. That effect was
similar to the action of JSTX in the experiments with glutamate re-uptake by rats’ synap-
tosomes [75, 76].
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Fig. 1. Chemical structure of toxins of the arthropods: 7 — JSTX-3; 2 - NSTX-3; 3 - argiopin AR; 4 - PTX 433
[23, 40]

Puc. 1. XimiuHi CTPyKTYypu TOKCUHIB YneHnctoHorux: 1 — JSTX-3; 2 — NSTX-3; 3 — aprioniH AR; 4 — PTX 433
[23, 40]

The polyamine beta-PTX toxin with a molecular weight of 243 Da was also studied.
This toxin inhibited glutamate postsynaptic potentials in the nerve-muscular junctions of
the locusts, but its effect was weaker than that of delta-PTX [37]. The action of beta-PTX
was a reverse one: the amplitude of the EPSP was restored when the toxin was washed
out by the physiological solution. A degree of blockage depended on the concentration
of beta-PTX. During electrical stimulation of the neuromuscular preparation, the effect
depended on frequency of stimulation: in the interval of 5-20 s between impulses, the
effect of blocking increased with an increase of frequency. These experiments, as well
as experiments using concanavalin A, demonstrated that beta-PTX influenced desensi-
tization of the glutamate receptor and increased a duration of desensitization period [37].
Experiments conducted on single channels have shown that beta-PTX binds to the ac-
tivated glutamate receptor [37].

It should be noted that the insufficiently well-purified preparation of P. triangulum
venom caused a weak depolarization of the post-synaptic membrane in the nerve-mus-
cular junctions of the locusts [37].
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Study of molecular structures of glutamate receptors’ antagonists obtained
from Araneidae venoms. This issue has been briefly described in our previous studies
[2, 36, 38-57]. Chemical, biochemical and electrophysiological characterization of the
venoms and toxins from the Arthropods have been also carried out. An improvement of
the methods of isolation of the individual chemical substances from the venoms permit-
ted in 1990th to define the molecular weight and chemical structure of some toxins.
Until 1988, three most important for practical use and best studied Araneidae toxins
were obtained. They are JSTX-3, NSTX-3, and argiopin.

Methods of purification of venoms and toxins from Nephila spiders. In 1986, the ve-
noms were isolated from N. clavata and N. maculata and used for purification of toxins [5].
The venomous spiders’ glands were homogenized in 60% acetonitrile and the homoge-
nate was centrifuged for 5 min at 3,000 rpm. The supernatant was subjected to a reverse
phase high-performance liquid chromatography (HPLC) using the octadecylsilane column
(Toyo Sods, ODS TSK-120T, 4.6x250 mM) in 0.02% HCI and acetonitrile gradient con-
centration 0—-50% during 30 min with elution rate of 0.5 mL/min. The venom from N.
clavata contained four components possesing toxic properties — JSTX-1, JSTX-2, JSTX-
3, and JSTX-4. The venom of N. maculata contained three such components — NSTX-1,
NSTX-2, NSTX-3. JSTX-3 toxin was the main biologically active element of N. clavata
venom, and its concentration in the venom was the highest [5]. The chemical formula of
this toxin is presented in Fig. 1. lts molecule consists of the 2,4-dihydroxyphenylacetate-
asparagine coupled to asparagine, and through it to the polyamine [5, 28]. In the JSTX-4
molecule, the argiopin is coupled to JSTX-2 with a peptide link (Fig. 2, 3) [5]. Separate
toxic components differ between themselves by their polyamines’ structure (see Table):

Toxins from N. clavata and their chemical structure
TokcuHum 3 N. clavata i ixHA XiMi4Ha CTPyKTypa

Chemical structure Toxin
- (CH,), NH (CH,), NH, JSTX-3
- (CH,); NH (CH,), NH JSTX-2
- (CH,), NH (CH,), NH - Arg JSTX-4

NSTX-3 is the main active agent in N. maculata venom (Fig. 1). It is 2,4-dihydroxy-
phenylacetate-asparagine (arginylcadaverno-beta-alanyl) cadaverin that is very similar
to JSTX-3 (Fig. 1). According to mass spectroscopic investigations, its molecular weight
is 665 Da [5]. N. clavata venoms slightly differ in their physiological action of various
fractions [70, 71]. Effects of some of them were reversible, while the others, for example,
JSTX-3 acts irreversibly. Poorly purified JSTX-3 were stored in frozen state since they
changed their properties unpredictably. At the beginning, they acted irreversibly, then
with time, in electrophysiological experiments it was possible to remove its molecules
from the cell membranes [70, 71].

In 1987, JSTX-3 toxin and four its analogs were synthesized in Japan. The analogs
had different polyamines’ structures, and all of them blocked the glutamate recep-
tors [26]. In 1987, NSTX-3 toxin was also synthesized [87].

Study of chemical structure of the toxins obtained from A. lobata. The argiopin is
the main active component of A. lobata venom (Fig. 1), and the concentration of AR was
the highest in this venom [12]. Ability of A. lobata venom, mostly the argiopin, to block
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the glutamate receptors were determined [61, 62]. T. Budd et al. [12] showed that the
argiopin is the main active component of A. lobata venom, and its concentration there
was the highest. The molecular weight of AR in the obtained active substance was
646 Da. Its chemical structure was defined (Fig. 1). It is a 2,4-dihydroxyphenylacetate-
asparagine that is linked through a polyamine with the terminal arginine.

There are publications devoted to the isolation of fractions of the A. Jobata venom
containing toxins of different types of actions. E.V. Grishin et al. elaborated the method
of obtaining the toxin from that venom [22, 23]. 0.3% toxin was sedimented from a water
solution using 60% ethanol. That sediment was separated by centrifuging during 10 min
at 5,000 rpm. The supernatant was concentrated and analyzed using a reverse phase
HPLC on the column (22.7x250 mm, Zorbax C,) in 0.1% trifluoroacetic acid in aceto-
nitrile gradient (0—15%) during 75 min with the elution rate of 10 mL/min. The molecular
weight of purified toxin obtained using this method was near 1% of initial weight of the
venom; all other venom fractions (substances) were removed [22, 23].

In addition to the argiopin, at least nine compounds have been isolated from A. lo-
bata venom (Fig. 2), and their biological activity was found to be similar to that of the ar-
giopin. Like the argiopin, they were isolated by the HPLC [22, 23], but from other fractions
of the venom (Fig. 3). The argiopin was detected in fraction 1. Fractions 3, 7 — 0 were

CH CH

f : /2/\ AAA MWH NHCNH,

=

NHCNH,
) w AAN /Y\/v W \AN
3. /\/\/\ /\/\ /NN /Y\/\NHCNH
o)
OH H 2 Q
i " NWNMNM\NHSNHZ
N I o H H i NHz (e}
H  CH,
OH H 0 ﬁ
5. v NN\/\N/\/\N/Y\/\NHSNHZ
N I 8 H éH3 HoNH, NH
H cH,
NN
|
CH

Fig. 2. Chemical structure of toxins from the argiopinins’ family — ARN [23, 40]
Puc. 2. XimiyHa CTpyKTypa TOKCUHIB i3 poaunHu aprioniHiHiea — ARN [23, 40]
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shown to be the individual compounds. Other components were isolated using a re-
chromatography of the fractions 4—6 and 10 using a column with a reverse phase in
similar conditions. Further, chemical structures of all isolated toxins were studied in
details [22, 23]. These substances are homologous according to their chemical struc-
ture and contain the chromophore group in their molecule (phenol or indole, asparagine
(with a few exceptions), and polyamines of different lengths). According to the results of
UV-spectroscopy, all components of the venom were separated into three types: argio-
pin, argiopinins and pseudoargiopinins (Fig. 1, 2). Thus, argiopin contains phenolacetic
acid, argiopinins — dihydroxyindolacetic acid, and pseudoaryhopinins — indolacetic acid.
In some compounds, the asparagine may be replaced by a modified lysine (Fig. 1, 2).
The aliphatic polyamines whose length and structure are different for specific com-
pounds, is a necessary component of each toxin. Finally, each of these substances,
except the pseudoargiopinin-3, contains the arginine or its residue with a free a-amino
group [22, 23].

In 1986, E.A. Elin et al. obtained a synthetic argiopin. Such synthetic argiopin also
passessed an ability to block the glutamate receptors [18].

A — CH.CN, %

A254"' 15
10
-5

10 20 30 40 50 60 70 80 T,xs

Fig. 3. Profile of separation of components of A. lobata venom [22, 23]. The separation was conducted by
means of HPLC on the column (22.5x250 mm) filled with TSK ODS-120T in 0.1% trifluoroacetic acid
in a gradient of acetonitrile concentration with the elution rate of 10 ml/min

Puc. 3. MNpodinb dpakuioHyBaHHS KOMMOHEHTIB OTPYTH A. lobata [22, 23]. Po3gineHHs BUKoHyBanv 3a Aorno-
MOrOK BUCOKOe(EKTUBHOI pianHHOI XxpomaTorpadii (Bepx) Ha KomnoHuj (22,5x250 mMm), HanoBHeHIn
TSK ODS-120T, y 0,1% Tp1TOPOLITOBIN KACIOTi y rpafieHTi KOHLEeHTpaLii aLeToHITpuny 3a WBnaKo-
cTi entouii 10 mn/xs

Components of venoms obtained from other spiders — Argiope and Araneus.
It was demonstrated that active fractions isolated from the venoms of spiders-Arachnids
of American continent were similar from the point of view of their physiological proper-
ties. Besides, their action was similar to the action of active fractions of A. lobata toward
the glutamatergic synapses [12, 28]. The composition of the venoms from A. trifasciata,
A. gemma, A. florida was studied. In general, methods of isolation and purification of
toxins from these spiders’ venoms are similar to methods developed previously for other
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toxins [5, 22, 23]. Isolation was carried out using a reverse phase HPLC [12]. Then the
active fraction was studied after the re-chromatography on the C,; column with the elution
rate of 2 ml/min in 0.08% solution of trifluoroacetic acid (5 min), and then in the acetonitrile
gradient for 15 min in 4% solution and during next 10 min — in its 10% solution.

A number of active fractions was obtained and purified from the venoms of the
abovementioned Araneidae. The results of studying chemical structure of toxins from
such Araneidae venoms demonstrated that they contained the same substance named
the argiotoxin, whose molecular weight was 636 Da. According to the results of the UV
spectroscopy, their chemical structure is the same as structure of the argiopins. It was
proved that active fraction of the venoms of numerous Araneidae is the argiopin, or the
argioxing [12, 28].

In addition to argioxing,, other toxins have been obtained from the venoms of A. tri-
fasciata and A. florida. Their chemical structures are homologous and might be sub-di-
vided into two families. The first family contains the phenolic derivatives, and this family
of toxins includes the argioxing,, and its methylene derivatives with a molecular weight
of 622, 650, 480, 466, 637, 678, 720 Da. While the second family of toxins includes the
indolyl derivatives of similar structure having another chromophore group. In A. trifas-
ciata, the main active agent is not the argioxing,,, and principal toxin of this family is
a peptide with a molecular weight of 659 Da. Its homologues have the molecular weight
of 673, 645, 503, 517 Da, respectively [12].

A contribution of each of these substances to total toxic effect of venoms is different.
According to the biological activity, all substances within this family can be arranged in
the following order (noted in the molecular weight) [12]:

1st family: 636 — 622 — 650 — 480 — 466 — 637 — 678 — 720
2nd family: 659 — 673 — 503 — 517

The venoms of various spiders’ species differ according to a quantitative composi-
tion of their components. For example, in A. florida, concentration of the argioxing,, is
the highest among toxins of the 2nd family [28]. The argiopin,, (2nd family) according
to the described properties coincides with the toxin which Jackson isolated from A. au-
rantia that irreversibly blocked a transmission between the cochlear nerve and the coch-
lear nucleus of birds [28].

As one can see from Fig. 1 and 2, chemical structure of the antagonists of the glu-
tamatergic synapses isolated from the venoms of various Araneidae have many com-
mon features. All of them contain: 1 — aromatic group (phenolacetic or indolacetic), 2 —
asparagine or modified lysine, 3 — aliphatic polyamine of different lengths, 4 — many of
them have N-terminal arginine [5, 12, 22, 23, 28].

Abovementioned toxins form two families depending on the aromatic groups which
they contain. The family of the phenolacetic acid derivatives contains the most wide-
spread and investigated toxins — the argiopin (argioxing,;), JSTX-3, NSTX-3 [28], while
the family of the indolylacetic acid derivatives is less studied and contains a number of
toxins from A. lobata (argiopinins, pseudoargiopinins), A. gemma, A. trifasciata and
other Araneidae [12, 22, 23].

Organisms of Araneidae contain the same set of toxic substances as their venoms.
Difference between these venoms from various species is the absence or presence of
separate components, as well as a quantitative correlation of these components. Based
on these differences in chemical composition, various venoms possess different physi-
ological properties [12].
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Role of different sites of toxins’ molecules in blocking the glutamate recep-
tors. A contribution of various sites of toxin molecules into the effect of blocking the
glutamate receptors is different. The role of each of these fragments and mechanisms
of their interaction with the receptor are the points of interest. Most researchers suppose
that the aromatic groups (residues of phenol- or indolacetic acids) play the main role in
the interaction of toxins with the receptors, because these fragments are obvious part of
each toxin. There are results in favor of this point of view [75, 76]. The effects of JSTX-3
and its two fragments — 2,4-dihydroxyphenylacetate-asparagine (DHPhA-Asp) and
2,4-dihydroxyphenylacetate-asparagine (DHPhA) — on binding of marked glutamate to
synaptic membranes of rat brain were investigated. All three compounds blocked the
binding in a dose-dependent manner. Their effects differed in that the first two sub-
stances demonstrate the same effect in approximately the same quantities, and the
DHPhA was necessary about 3—-5 times more for this. A complete inhibition of binding
was reached at 0.33 mM DHPhA. The 2.5 DHFU and 3.4 DHFUs isomers also sup-
pressed binding of the glutamate. In the control experiments, L-glutamate was substi-
tuted effectively with diethyl ether of glutamic acid, a glutamate receptor antagonist [75,
76]. Araneidae venoms contain DHPhA in its free state, and it is possible that in natural
conditions these molecules also participate in blocking the receptors [17].

In other studies of these authors, a difference in properties of JSTX-3 and DHPhA-
Asp was registered [76]. It was found that JSTX-3 and DHPhA-Asp act in different way
on sodium-dependent and sodium-independent seizure of glutamate by the synapto-
somes of the rat brain membrane. Equal concentrations of JSTX-3 and DHPhA-Asp
depressed in equal rates sodium-independent binding of glutamate (for different
concentrations of the toxins). DHPhA-Asp was significantly less effective than JSTX-3
in blocking of sodium-dependent binding: to achieve the same level of blockage, the
DHPhA-Asp concentration should be 10-15 times higher than concentration of the
JSTX-3.

The role of polyamine in the effects of toxins was demonstrated in experiments on
blocking of the excitable postsynaptic potential (EPSP) by various JSTX-3 analogues
[26]. All analogues contained DHPhA-Asp combined with the polyamines of different
length, but they were shorter than a one in the JSTX-3. The extension of the polyamine
chain was followed by a formation of more stable toxin-receptor complex, and if, under
the action of analogue with the shortest chain, the amplitude of the EPSP was restored
with compound removing, then the action of JSTX-3 became practically the irreversible.

When properties of the argioxing,, analogues (argiopin) were studied, the role of
N-terminal arginine in blocking was demonstrated. The modification of the end of this
molecule led to a complete loss of its activity [12].

The RTX,,, molecule from P. triangulum toxin is very similar to Araneidae toxins. It
also consists of oxyphenol connected with the polyamine. However, its polyamine does
not contain asparagine or arginine. The RTX,,, molecule is an effective blocker of the
glutamate receptors with properties that are close to properties of Araneidae toxins.
Thus, it might be expected that phylantotoxins can be also used for studying the gluta-
mate receptor along with families of toxins from Araneidae [28].

A number of publications were devoted to a study of the molecular mechanisms of
toxins’ interaction of with the receptors. A protein named GBP was obtained from synap-
tic membranes that was able to bind glutamate [67, 68]. It was demonstrated that the
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glutamate binding to this protein was inhibited by the reagents of the FeS groups —
NaN,, KCN, chelating agents like the o-phenanthroline. Therefore, it was suggested that
the membrane glutamate binding protein is a glycoproteide with FeS group at the site of
ligand binding, and the spider toxins A. gemma. A. aurantia, N. arabesca acted on the
GBP in the same way as the reagents acted on the FeS groups. This may evidence that
toxins interact with the same prosthetic group [67, 68].

Subsequently, a qualitative analysis of the reaction of toxins binding with the FeS
groups was carried out. The reagent on the FeCl, phenols that contacts with it gives
a dense green color of the solution [82]. The same change in color appeared when FeCl,
was added to JSTX-3 solutions (A, = 630 nm), and it disappeared when EDTA was
added [97]. No other metal ions gave such coloration at contact with phenols or JSTX-3 —
it was much lighter in reactions with Hg?*, Cu?*, Ce®, Ce*". An existence of such specific
reaction between the Fe®* ions and JSTX-3 permitted an assumption that in a result of
their interaction appears the chelating complex with development of green color of solu-
tion [97]. A schematic representation of such complex is shown on Fig. 4.

As a result of those studies, it was concluded OH
that Araneidae toxins, and JSTX-3, in particular,
can form the chelating complexes with the pros-
thetic group of glutamate membrane receptors.

This mechanism of toxins interaction with the glu-

tamate receptors was confirmed in the experi- /CHQ--(CHZ)n

ments on the neuromuscular junction of lobster. co |\~

The blocking characteristics of JSTX-3 significant- | RZNH NH™ ~ (CH,),

ly deteriorated with the addition of Fe*" ions in the /y I . \‘\\ j

culture medium [74, 75, 97]. NH\ Fe NH
Thus, the results presented in our review | A | - 77

demonstrated that the arthropods’ toxins, both \\\Nlllj/

phenol and indole derivatives, may be useful in the CH\C > a(CH.)

laboratory experiments. The molecular weights \ o | i

and chemical structure of the most important to- CH,

xins were studied until the end of 20th century CO/I\llH

[2, 36, 38-57]. Of practical significance might be 2

three Araneidae toxins synthes.ize_d at that pe_riod: Fig. 4. Hypothetical structure of the chela-

JSTX-3, NSTX-3, and the argiopin. Synthesis of ting complex of JSTX-3 with cation

JSTX-3 toxin and its four analogs with different Fe [97]

polyamines’ was conducted, and they all blocked Puc. 4. Tinotetnuna crpykTypa xenatHoro

the glutamate receptors [26]. A synthetic argiopin J'fl‘i’s";”::s'jcé;']STx'3 3 kaTioHoM 3a-

also possessed an ability to block the glutamate
receptors [18].

Chemical structure of antagonists of the glutamatergic synapses isolated from the
venoms of various Araneidae has several common features. All these aganists contain:
1 — aromatic group (phenolacetic or indolacetic), 2 — asparagine or modified lysine, 3 —
aliphatic polyamine of different lengths, 4 — many of them have N-terminal arginine [5,
12, 22, 23, 28].

The abovementioned toxins form two families depending on the aromatic groups
which they contain. A family of phenolacetic acid derivatives contains the most wide-
spread and investigated toxins — the argiopin (argioxing,), JSTX-3, NSTX-3 [28]. The
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family of the indolylacetic acid derivatives is less studied and contains a number of
toxins obtained from A. lobata (argiopinins, pseudoargiopinins), A. gemma, A. trifas-
ciata and other Araneidae [12, 22, 23].

A study of toxins from N. clavata and A. lobata was carried out in Ukraine by a sci-
entific team under a supervision of O.A. Krishtal [2, 36] (Fig. 5). As a result of their stu-
dies, they concluded that the 2,4-dihydroxyphenylacetate-asparagine fragments play
a key role in toxin interaction with the glutamate CRC. These fragments are similar in all
these antagonists and define their biological activity. The length and structure of poly-
amines define the individual differences in toxins’ properties.

A Glu JSTX-V
vasonnsascwssomancesss N )

1nA
100 ms
B
KK JSTX-V . ]
[ ) I [ |
STEa, A
v Al T
0.2nA
F')M —

Fig. 5. The venom JSTX-V blocks chemo-activated transmembrane electrical currents in membrane of rat
hippocampal pyramidal neuron: A — influence on glutamate-activated (Glu) currents; B — influence on
kainat-activated (KK) currents. After the registration of the control responses to Glu and KK, the mem-
brane was maintained in Ringer solution with JSTX-V (2.5x10** units/ul ) during 3 min. In this experi-
ment, the amplitudes of chemo-activated currents decreased after the JSTX-V influence. Experiment
with JSTX-V re-application in the same concentration (2.5x10* units/pl ) on the background of KK is
shown on (B). Concentrations of Glu and KK were 1 mmol/l. V hold — 100 mV [42]

Puc. 5. Otpyta JSTX-V Briokye XeMoakTMBOBaHI TpaHCMEMOPaHHi eNeKTPUYHI CTpymMu y MembpaHax nipa-
MigHUX HEWPOHIB rinokamny Lwypa: A — BIAUB Ha rnytamar-aktueoBaHi (Glu) ctpymu; B — BNAvB Ha
kaiHaT-akTnBoBaHi (KK) ctpymu. lMicna peectpalii koHTponbHMX Bignosigen Ha Glu Ta KK membpaHy
BUTPUMYBanu y posuunHi Pibrepa 3 JSTX-V (2,5x10* oa/mkn) npotarom 3 xB. Y LibOMY eKCnepuMeHTi
amMnniTyan XeMo-akTUBOBaHWX CTPYMIB 3MeHLUyBanucs nicng snnuey JSTX-V. EkcnepumeHT i3 no-
BTOpHO annikauieto JSTX-V y Tii xe koHueHTpauii (2,5x10* oa/mkn) Ha Tni KK nokasaHo Ha (B).
KoHueHTpauii Glu Ta KK ctaHoBunu 1 mmone/n. V nigtp — 100 mB [42]

In those studies, it was found that JSTX-3 is a unique toxin among others from the
point of view of a correlation between its chemical structure and the physiological effects,
and the most simple structure is defining maximal effect [8]. The argiopin toxin also pos-
sesses unique properties among the toxins obtained from A. lobata, because of optimal
correlation between its chemical structure and physiological effect [22, 23]. As a result of
these studies, it was concluded that Araneidae toxins, and JSTX-3 in particular, can form
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the chelating complexes with the prosthetic group of the glutamate receptors in plasma
membrane. This mechanism of toxins interaction with the glutamate receptors was stu-
died also in experiments on a neuromuscular junction of the lobster. The blocking charac-
teristics of JSTX-3 significantly deteriorated with the addition of Fe** ions to the cultural
mixture [74, 75, 82, 97]. Physiologically active toxic molecules with such chemical struc-
tures were also suggested to be used in biotechnology [41, 42].
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TOKCMHW-aHTaroHICTU rnyTamaTepriYyHUX cMHanciB 0ynv BUSABIIEHI B OTPyTaX Pi3HMX
Ha3eMHUX YNIEHNCTOHOTMX — Ik KOMax, Tak i naBykiB. Bidoma XiMmiuHa CTpyKTypa Aesk1x
i3 HMX, BINbLUICTb € NOXiAHMMM heHony 1 iHaony. IX YCMilHO 3aCTOCOBYIOTh AN enek-
TpodpizionoriyHnx gocnigKeHb MeEMOpPaHHWX CTPYKTYP, i LIEeN ornsg NpUCBAYEHO OEAKUM
pesynbrataMm AOCigKeHb TakuxX PEYOBUH, O MOXYTb ByTn kopucHumMu gnsa nabopa-
TOPHOI MpakTuku. Y nybnikauii onncaHo ekcnepuMeHTanbHi JOCAIMKEHHA XiMiYHUX
CTPYKTYp napanenbHo i3 pesyrnsrataMu enekTpodisdionoriyHoi peecTpadii eekTis, Ski
CMPUYMHSAIOTE OTPYTU | TOKCUHU OESKUX YNEHUCTOHOrMX. 3anpomnoHOBaHO MOSICHEHHS
disionoriyHoi Aii pe4oBMH-aHTAroHICTIB ryTaMaTHUX PeLenTopiB 3anexHo Big ocobnu-
BOCTEN IXHbOT XiMiYHOT ByaoBM. OBroBopeHo porb Pi3HNX parMeHTiB MOreKyn TOKCKU-
HiB y GrioKyBaHHi rmyTamaTHUx peuenTopiB. TakoX HaBeaeHo iHopMaLito LLoJ0 KOMMo-
HEHTIB OTPYT KOMax poauH Sphecidae (Philanthus triangulum) i Araneidae, a came Kinb-
KOX BMAIB NaBYKIB i3 poais Argiope, Araneus, Nephila.

Knroyosi crioea: oOTpyTM UNEHUCTOHOMMX, TOKCWHW, aHTaroHiCTM peLenTopis,
TpaHCMeMBpaHHUIA enekTPUYHUN CTPYM
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