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The aim of present study was to conduct a comparative analysis of electrophysio-
logical characteristics for venoms and toxins of two species (Nephila clavata and
Argiope lobate) of spiders (Araneidae) that could be useful for laboratory practice and
future investigations. Their venoms and toxins function as antagonists of glutamate re-
ceptors, and these substances were used successfully for investigations of membrane
structures. The results of the electrophysiological studies of the venoms and toxins are
presented for the venom from N. clavata and its main active component toxin JSTX-3,
and for the venom from A. lobata and its three toxins — argiopin AR, argiopinin 1 (ARN-1),
argiopinin 2 (ARN-2). The qualitative and quantitative analysis of the correlations be-
tween the electrophysiological effects of studied toxins’ and chemical structures of their
molecules is presented. The problems of complexity of venoms’ composition and whe-
ther venoms’ properties are determined completely by the main active components are
discussed. The role of JSTX-3 as a “universal marker of glutamatergic synapses” in
different species of fauna are also discussed.

Keywords: venoms of spiders Araneidae, toxins, glutamate receptor antagonists,
transmembrane electric current

Nature proposes numerous instruments for scientific investigations. Such instru-
ments, were found in venoms and toxins of some Arthropoda [8, 12, 16, 23, 26, 42, 58,
60, 64, 65]. In present study, we addressed the venoms and toxins of two spider (Aranei-
dae) species — Nephila clavata and Argiope lobata (Fig. 1). They are known due to the
properties of their venoms as antagonists of glutamate receptors in different biological
species. That is why, from the late 1980th, they were successfully used in the electro-
physiological experiments, namely for investigation of membrane structures. In previous
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publications, we have described different Arthropoda venoms and toxins [1, 27-38]. In
present publication, we have characterized some electrophysiological properties of
N. clavata and A. lobata products in more details. Here we present the results of experi-
mental studies of glutamate receptors antagonists from Araneidae, namely spider species
Nephila clavata and Argiope lobata. These spiders are known as producers of specific
venoms and toxins for laboratory investigations. Further, we compared some electro-
physiological properties of the venom from N. clavata (JSTX-V) with its active compo-
nent — toxin JSTX-3 and venom from A. lobata (AR-V) with its active component — toxin
argiopin (AR) with two other toxins from this venom — argiopinin 1 (ARN-1), and argiopi-
nin 2 (ARN-2). We analyzed the results of such comparison in correlation with chemical
structures of studied toxins’ molecules — JSTX-3, AR (phenol derivatives), ARN-1, ARN-2
(indole derivatives) (Fig. 1). Finally, we have analyzed the relationships between toxins’
structures and their electrophysiological effects as a basis for the development of novel
methods of quantitative and qualitative investigations. Recently, we have described the
development of such methods [27]. In present publication, we presented some experi-
mental results and theoretical conclusions that were put in basis of those methods.

OH 4 © o H NH,
N N NHCNH
HO—Q/\'( N/\/\/\N)l\/\N/\/\/ \n)\/\/ i 2
0 H H H o 0
07 NH,

1-JSTX-3
OH H 0 0
HOAQ/\V( N/\/\/\N/\/\N/\/\NJ\(\/\NHCNHZ
o H H H Ho i
2
07 NH, NH
2-AR
OH H © o C\H3+/CH3 H NH;
N/\/\/\N)l\(\/\/N\/\/N\“)\/\/NHﬁNHz
N . H Ho N, o) NH
H 07 N,
3 -ARN-1
CH,
OH O 0 | uo NH,
N/\/\/\NJ\K\/VN\/\/N\“)\/\/NHCNHZ
| H H [
v © NH, 0 NH
H o7 NH,
4 — ARN-2

Fig. 1. Chemical structures of studied Araneidae toxins [20, 29]: 1 — JSTX-3; 2 — argiopin AR; 3 — ARN-1;
4 — ARN-2. 1 — from Nephila clavata; 2—4 — from Argiope lobata

Puc. 1. XimivHi CTpyKTypun gocnigkeHux TokcuHiB apaHeig [20, 29]: 1 — JSTX-3; 2 — aprioniH AR; 3 — ARN-1;
4 — ARN-2. 1 — Nephila clavata; 2—4 — Argiope lobata

Different natural venoms and toxins were studied for the neurophysiological inves-
tigations, for example the venoms of snakes [7, 10, 16—-18, 39, 45, 50], and arthropods
[5, 9, 43, 49, 56]. Numerous results of experimental studies of natural toxins were pub-
lished in classic monographs by P. G. Kostyuk, O. A. Krishtal, I. S. Magura, I. V. Skok, and
others [40, 46, 61]. Later on, these investigations were continued by the representatives
of their scientific schools in collaboration with foreign colleagues [1]. The results of study

ISSN 1996-4536 (print) ¢ ISSN 2311-0783 (on-line) e BionoriyHi Ctygii / Studia Biologica e 2020 e Tom 14/Ne1 e C. 89-104



COMPARATIVE ANALYSIS OF ARANEIDAE VENOMS AND TOXINS: CHEMICAL STRUCTURES... 91

of some toxins from Arthropoda (including Araneidae toxins), as well as other similar
phenol and indole derivatives, were applied in agriculture [11, 15, 25, 41] and in eco-
logical monitoring of environment [31, 32, 34, 36]. Some of these results were also sup-
ported by the patents [30—38]. Because of importance of the results of study of Aranei-
dae venoms and toxins and their applications [1-6, 8, 9, 12—-15, 19-29, 42-45, 47—-49,
51-54, 56-65], our two previous reviews were devoted to fundamental works of the
authors who studied such venoms and toxins [28, 29]. In some of these works, the re-
sults of studying of chemical structures of Araneidae toxins, as well as their electrophy-
siological effects demonstrated blocking different channel-receptors complexes (CRC)
[1, 3,4, 6, 20, 21, 24, 27-38].

Investigations of Araneidae toxins are rather important because of the high effec-
tiveness and specificity of these substances. Previously, it was suggested that toxin
JSTX might be used as a universal “marker” of glutamate receptors in different repre-
sentatives of fauna of the Earth. There is a significant similarity of glutamate receptors
in different phylogenetically distant organisms: neuromuscular lobster junction, mam-
mals’ brain cells and others. Further, it was demonstrated that JSTX-3 cannot be used
as “universal marker of glutamatergic synapses” for different species of fauna because
of revealing complexity of glutamate CRC molecular structures.

Araneidae venoms and toxins as antagonists of glutamate channel-receptor
complex. Numerical results suggested in present article were obtained during the study
of the influences of glutamate receptors antagonists from N. clavata and A. lobata con-
ducted at O.0. Bogomoletz Institute of Physiology, NAS of Ukraine, by a scientific group
under the supervision of Prof. O.0O. Krishtal, namely by his collaborators Drs. A. Tsyn-
drenko, N. Kiskin, and O. Klyuchko. Experiments were performed using voltage-clamp
technique in a mode of holding potential at rat hippocampal membranes [1, 30-38].
Some of these results are presented in Figs. 2-5.

The venoms from two Araneidae species (Nephila clavata, Argiope lobata) and four
toxins from them with known chemical structure were investigated in these our experi-
ments: JSTX-3, AR, ARN-1, ARN-2 (see Fig. 1) [29]. The chemical formula of JSTX-3
molecule consists on the 2,4-dihydroxyphenylacetate-asparagine coupled to the poly-
amine [3, 24]. The molecular weight of AR is 646 Da, its chemical structure is depicted
in Fig. 1. It is a 2,4-dihydroxyphenylacetat-asparagine that is linked through a polyamine
with the terminal arginine [6, 20, 21]. According to the results of UV-spectroscopy, all
components of the venom AR-V were separated into three types: argiopin, argiopinins
and pseudoargiopinins (in Fig. 1, one can see 4 toxins studied in the framework of pre-
sent work). Thus, argiopin contains phenolacetic acid, argiopinins — dihydroxyindola-
cetic acid, and pseudoaryhopinins — indolacetic acid. Shorter fragments of JSTX-3 were
mentioned in present article — 2,4-dihydroxyphenylacetat-asparparin (DHPhA-Asp) and
2,4-dihydroxyphenylacetic acid (DHPhA). More information about Araneidae toxins
chemical structures is in [29].

Among these toxins, JSTX-3 has the simplest structure: its polyamine chain is the
shortest and has no branching. The AR molecule has longer polyamine chain attached
to it by 2 reactive amino groups. ARN-1 and ARN-2 have the polyamines with equal
lengths to which amino groups are also attached. A distinctive characteristic of ARN-1
is the easily dissociating cationic group that contains the pentavalent nitrogen in the
polyamine chain. According to the length of polyamine chain, all studied toxins can be
arranged in following sequence:

JSTX-3 <AR <ARN-1 = ARN-2.
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Fig. 2. Characteristics of influence of JSTX-V: the venom decreased irreversibly the amplitudes of glutamate-
and kainate-activated electrical currents up to approximately 2/3 of their initial values in concentration
2.5-10°% units/uL. It was not possible to restore the amplitudes of these currents after 6 min of mem-
brane “washing” in Ringer solution. After the registration of control response to Glu and KK, the mem-
brane was maintained in JSTX-V during 3 min, after this the decrease of amplitudes of chemo- acti-
vated currents had happened. A — JSTX-V influence on glutamate-activated electrical current; B —
JSTX-V influence on KK-activated currents, arrow indicates the moment of start of venom “washing”.
Concentrations of Glu and KK were 1 mmol/L, V, 4 = -100 mV. Records A, B were done at different
cells

Puc. 2. Xapaktepuctuka Bnnusy JSTX-V: oTpyTa HeO60OpPOTHO 3MeHLLYyBana aMmnnityau rinytamar- i kaiHar-
aKTUBOBaHWX ENEKTPUYHMX CTPYMIB NpUOnu3Ho Ao 2/3 iXHiX No4aTKoBMX 3HAYeHb Yy KOHLEHTpauil
2,5-10% og./Mkn. Byno HEMOXIMBO BiGHOBUTM aMniliTyam UMX CTPpyMiB Yepes 6 XB BiAMVBaHHS MEMO-
paHu B po3uuHi PiHr'epa. Nicns peecTpauii KoHTponbHoi Bignosiai Ha Glu Ta KK membpaHy BuTpumy-
Banu B JSTX-V npotsarom 3 xB, nicns 4oro BiaOyBanocs 3MEHLUEHHS amniiTyd XeMOAKTUBOBAHMX
cTpymiB. A — BnnvB JSTX-V Ha rmyTamaTtakTMBoBaHUA enekTpuyHuin ctpym; B — snnue JSTX-V Ha
KK-akTvBOBaHuUiA CTpyM, CTpifka BKasye Ha noyatok "BiaMuBaHHs" oTpyTu. KoHueHTpadii Glu Ta KK
ctaHoBunn 1 mmone/n, V, 4 = -100 MB. 3anucu A, B 6ynu 3pobneHi Ha pi3HUX KniTuHax

Comparison of properties of integral venoms and toxins. As noted earlier, inte-
gral toxins of Arthropoda are heterogeneous mixture of substances that contain their
own toxins, enzymes, amino acids and other substances [2, 13, 28, 29]. The main active
component of integral venom JSTX-V is the toxin JSTX-3; of integral venom AR-V is the
toxin argiopin AR. As it was demonstrated in numerical experiments, the processes of
chemo-active currents blocking by venoms and their toxins have a number of common
features. They all suppressed to different degree the amplitude of transmembrane che-
mosensitive electrical currents activated by such agonists as glutamate (Glu), its ana-
logue kainate (KK, activated non-desensitized stationary currents), and quisqualate (QL).
In our experiments at O.0. Bogomoletz Institute of Physiology, National Academy of
Science of Ukraine, the results that were put in basis of analysis performed in this article
were obtained [1, 27, 30-38].

In Figs. 2, 3 the blocking effect of integral venom JSTX-V and its main active compo-
nent JSTX-3 on chemo-activated currents in rat hippocampal membrane is demonstra-

ISSN 1996-4536 (print) ¢ ISSN 2311-0783 (on-line) e BionoriyHi Ctygii / Studia Biologica e 2020 e Tom 14/Ne1 e C. 89-104



COMPARATIVE ANALYSIS OF ARANEIDAE VENOMS AND TOXINS: CHEMICAL STRUCTURES... 93

ted. In Fig. 4, the blocking activity of integral venom AR-V on chemo-activated currents
in neuronal membrane is shown. In Fig. 5, the blocking activity of the toxin argiopin
(AR), the main active element from this venom is presented. In our experiments, all
antagonists — venoms and toxins — acted in a reversible manner on glutamate receptors
in hippocampal membranes, but the rates of their reversible effects were different in all
cases (Fig. 6).

A Glu JSTX-3
OOt I OO ITIIITITI]

0.5nA 0.1 nA

100 ms 100 ms

0.2nA
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Fig. 3. Blocking of chemo-activated transmembrane electrical currents by toxin JSTX-3: A — glutamate-acti-
vated; B — kainat-activated ion currents. a) The scheme of the experiment is the same as at Fig. 1.
b) After the receiving of the control response to KK, toxin JSTX-3 was applied by the background of
KK-activated current. Concentrations Glu and KK were 1 mmol/L, JSTX-3 was 10 mol/L, V, 4 = -50 mV.
Records A and B were done on different neurons

Puc. 3. BriokyBaHHS XEMOAKTUBOBaHMX TPAHCMEMOPaHHWUX ENEKTPUYHUX CTPyMiB TOKCMHOM JSTX-3: A —
rnyTamaTakTuBOBaHi; B — KaiHaTaKTMBOBaHi iOHHI CTpyMu. a) CxemMa ekCcnepuMeHTy Taka X, SK Ha puc. 1.
©6) Micnsa oTpMMaHHA KoHTponbHOI Bignosiai Ha KK TokcnH JSTX-3 annikyBanu Ha Tni KK-akTusoBa-
Horo cTpymy. KoHueHTpauii Glu i KK ctaHosunu 1 mmons/n, JSTX-3 6ys 10 monb /n, V, 4 = -50 MB.
3anucu A Ta B 6ynu 3pobneHi Ha pi3HNX HeNmpoHax

1nA

4s

Fig. 4. Peculiarities of action of venom from A. lobata (AR-V): open channel blocking, weak reversibility of
action (explanation see in text). Concentrations: KK 1 mmol/L, AR-V 10*g/ml, V,,, = -100 mV

Puc. 4. OcobnuBocTi aii otpyTh 3 A. lobata (AR-V): 6nokyBaHHS BigKpuTOro kaHany, cnabka 3BopoTHICTb il
(nosicHeHHst auB. y TekcTi). KoHueHTpauis KK 1 mmonb /n, AR-V 10 r/mn, V, 4 = -100 MB
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Fig. 5. Argiopin causes blockage of the open state of kainat-activated ion channels. After receiving of control
response, the neuron was maintained in AR during 3 min, then on background of AR the KK was added.
Concentrations: KK 1 mmol/L, AR 1.6-102 mol/L, V, ,, = -100 mV. Toxin removing by “washing” was 15 s

Puc. 5. AprioniH BMKNMKae GrnokyBaHHS BiAKPUTOrO CTaHy KaiHaTaKTMBOBaHWX iOHHUX kaHaniB. [licns oTpu-
MaHHS KOHTPOMbHOI BiAMNOBiAI HeNMpoH BuTpumyBanu B AR npotsarom 3 xB, NoTiM Ha TNi AR gogasanu
KK. KoHueHTpauii: KK 1 mmonb/n, AR 1,6-102 monb/n, V,,, = -100 MB. BuganeHHsi TOKCUHY crnoco-
6om “BigMuBaHHA" cTaHoBMno 15 ¢

S

34134 6 (39 14.4134 19177 44156 22 [ 47
JSTX-V JSTX-3 AR-V AR ARN-1 ARN-2

Fig. 6. The degree of blocking of kainat-activated currents by various antagonists (white columns) and the
degree of recovery of currents’ amplitudes after the antagonists removing in Ringer’s solution (shaded
columns). The values are given in percent of the amplitude of control response, the value of which
was taken for 100 % (top straight dotted line). Diagram was done for 6 different antagonists of gluta-
mate channel-receptor complexes [27]

Puc. 6. CTyniHb 6rnokyBaHHS KaiHaTakTMBOBAHMX CTPYMIB Pi3HMMMK aHTaroHictamu (6ini KONOHKW) i CTyniHb
BiJHOBMEHHS aMnniTyg CTPyMIB NiCNs BUAANEHHS aHTaroHIiCTiB y po3uvuHi PiHrepa (3awTtpuxoBaHi
KOMOHKM). 3Ha4YeHHs HaBedeHO Y BiACOTKax Bi4 amnmiTygu KOHTPOMbHOI BigMoOBifi, 3HAYEHHsST SKOT
npuiiHaTo 3a 100 % (BepxHs MpsiMa NyHKTUPHA NiHis). [liarpamy BUKOHaHO Ans 6 pi3HNX aHTaroHicTiB
rnyTamMaTHUX KaHano-peLenTopHUX Komnnekcis [27]

In our experiments, both argiopin and AR-V blocked only the opened channel
(Figs. 4, 5). The pair JSTX-3 and JSTX-V differed from them in their characteristics.
JSTX-V and JSTX-3 acted both on opening and closure of Glu- and KK-activated chan-
nels (Figs. 2, 3). Any differences between antagonists were not detected in experiments
for studying of potential-dependence of these toxins’ actions. The action of all four an-
tagonists to a greater or lesser extent depended on the holding membrane potential: the
blocking properties of all of them become worth with membrane depolarization.
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Regarding the differences in the action between the pairs of venom-toxin from
N. clavata and venom-toxin AR from A. lobata — they were visible in degrees of current
blocking and their recovering during “washing”, as well as in numerical values of param-
eters of blocking and “washing” (Fig. 6).

During the study of kinetics of electrical transmembrane currents blocking at the
background of stationary KK-activated ionic currents, it was found that the pairs “venom-
toxin” had similar kinetics of blocking (see Table) [32—56]. Thus, the blocking processes
of CRC by both JSTX-V and JSTX-3 could be described by one exponent. The same
processes of channel-receptor complex (CRC) blocking by AR-V and AR were approxi-
mated satisfactorily by two exponents in both cases (see Table) [32—-56]. One exponent
could also describe the process of AR-V and AR removing by “washing” in Ringer’s solu-
tion. Qualitatively, general features of the action in “venom-toxin” pairs were reflected in
the existence of one constant of the reaction of interaction of JSTX-V and JSTX-3 with
CRC and two constants of the direct reaction of interaction between AR-V and AR. Quan-
titatively, the rate of interaction of antagonists with CRC can not be compared, since the
concentrations of venoms and toxins were measured in different units. No differences
were found in the specificity of antagonists’ action within the pairs JSTX-V and JSTX-3;
orAR-V and AR. In used conditions, they all suppressed the amplitudes of only Glu-, KK-,
QL-activating currents. Consequently, in the composition of the venoms there were no
antagonists of other receptors, namely GABA and glycine receptors.

Kinetic characteristics of blocking of KK-activated ionic currents [27]
KiHeTu4Hi xapakTepuctukmu 6nokyBaHHs KK-akTuBoBaHMX ioHHUX cTpyMiB [27]

Constant rate of blocking (direct reaction) Velpay e clEaiEal Ue!

Antagonist amplitude recovering
K, K, V_

JSTX-V 4.4-10° uL/(un.s) - 0

JSTX-3 2.1-10°L/(mol.s) - 1.3-102s™

AR 1.6-10° L/(mol.s) 0.85-10* L/(mol.s) 4.2-102s"

ARN-1 3.3:10° L/(mol.s) 1.6-10* L/(mol.s) 7.9-102s"

ARN-2 2.9-10% L/(mol.s) 0.59-10* L/(mol.s) 3.1-102s"

A described similarity in characteristics of actions of venoms and toxins (their main
active components) allow to conclude that the physiological properties of the venom
JSTX-V and AR-V were determined by the toxins JSTX-3 and AR, respectively. Howe-
ver, the contribution of these toxins in overall effect although maximal, but does not
exhaust all the properties of the venom. For example, the irreversibility of JSTX-V action
(unlike JSTX-3), might be explained by the presence of other fractions in the venom,
that are bound with the membrane irreversibly. During binding, such blockers could
change irreversibly the properties of glutamate channel-receptor complex (gCRC) by
themselves, or they could operate through different, more complex mechanisms. Via
binding with the membrane, but not blocking the gCRC by itself, they could increase the
stability of the complex gCRC — JSTX-3. Although the probability of second assumption
is less, we can not refuse from it absolutely.

The results of our studies of venoms and toxins from A. lobata suggest the following
mechanism. AR-V is “washed” much worse than AR. AR-V contains a number of fractions
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with toxic activity; AR is only one of them. Such fractions were capable to block KK-ac-
tivated currents practically irreversibly. After studying of composition of venom AR-V,
other active components like argiopinin 1 (ARN-1) and argiopinin 2 (ARN-2) have been
isolated from it [28, 29]. Both these substances blocked KK-activated currents, forming
significantly more stable links on the membrane than AR. It was possible to see that
argiopinin 1 acts less reversibly than other antagonists. Obviously, the greater
degree of irreversibility of AR-V action in comparison with AR is determined by ARN-1
and similar toxins.

The pair JSTX-V and JSTX-3 the largest difference in these characteristics demon-
strated. During the action of integral venom the amplitude of KK-activated response fell
to a new steady state (34 % of control response) and no longer recovered. Then the
JSTX-3 toxin was able to be removed partially with the recovery of the response ampli-
tude (from 64 % to 39 % of control response). The same tendency but in less degree
was observed in AR-V and AR pair. Thus, the degree of AR-V ability for removing is
really lower (from 14 % to 32 % of control response) than for AR (from 20 % to 77 % of
the control response).

We took into account the complexity of venoms composition. For example, any of
the well-purified or synthetic toxins did not activate transmembrane ion currents by itself.
If such activation occurred, the analysis showed the presence of glutamate in such poor-
ly purified preparations. This fact makes us doubt in the data of other authors [63] who
found that that Arthropoda toxins activate ion currents in the membranes by themselves.
As a rule, the rough preparations or integral venoms were used in those experiments.

Other our results might be caused by complex composition of venoms. All venoms
and toxins were kept frozen at -4 °C. During the first 3—4 months, the properties of those
venoms remained unchanged. However, with long-term storage (more than 67 months),
the properties of integral venoms be changed. For example, JSTX-V began to "wash off”
after its removing, the KK-activated responses were partly restored. Similar observation
was made by Japanese authors [47, 48, 57]. However, is impossible to answer unam-
biguously why is that happening. Possibly, venom preparations are less stable than indi-
vidual toxins due to the mutual influence of venom components. With a prolonged stora-
ge, the molecules of irreversibly active substances can be decomposed more quickly.
During dissolving, low molecular weight substances interact with the membrane. It is pos-
sible to explain that effect better after a more detailed study of Arthropoda venoms’ and
toxins’ properties.

Comparative analysis of properties of different Araneidae toxins in a link with
their chemical structures. The influences of all studied toxins on the glutamate receptor
were characterized by a number of common features. They all blocked glutamate- (GLU),
kainate- (KK), and quisqualate (QL)-activated currents in rat hippocampal membranes to
various degrees and were washed differently. They did not act on the excitatory, glycine-,
and GABA-activated currents in these neurons. Their blocking action depended on the
transmembrane holding potential — it became worth with membrane depolarization. All
these substances could block the open channels in gCRC. It is possible to assume that
properties of these toxins are due to the fragments of molecules that are common to all
toxins: phenolic or indole fragment coupled to asparagine.

Our experiments did not demonstrate any significant differences in the properties of
toxins containing phenolic or indole fragments. The only slight difference is that the dis-
sociation of AR derivatives that contained indole groups is slowed down slightly (see the
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Table). However, the direct constant rates of toxins’ interaction with AR derivatives did
not differ significantly. Such pattern of properties of toxins, phenol- and indole- deriva-
tives allows to make some conclusions (see below).

First, the mechanism of gCRC block by toxins should be based on the reaction of
the interaction of aromatic toxin groups with membrane groups. Second, this reaction
have to be common to indole and phenolic groups, so, the membrane should not “dif-
ferentiate” them. Finally, probably these groups (or linked with asparagine) predeter-
mine the effect of gCRC block and its main features (potential-dependence and others).

Influence of toxins on activated and non-activated receptor. The main difference in
the action of toxins is that JSTX-3 interacts with gCRC, regardless of whether it is in the
activated state or non-activated (Fig. 3). From other side, the main mechanism of action
of AR, ARN-1, ARN-2 is the blocking of GLU- and QL-activated channels in the open state
(Fig. 5). Similar results were obtained previously for AR [21, 24]. What is the explanation
in difference in the toxins action? The only structural difference between JSTX-3 and
other ones is more simple molecular structure of the first one. It is possible that further
minor complication of structure of A. lobata toxins’ molecules (extension of their polyami-
ne chains, adding of amino groups branched from the main chain), increases the selecti-
vity of their interaction with gCRC in such a way that they lose the ability to bind to gCRC
in the non-activated conformation. Thus, were simple JSTX-3 molecule is less “legible”
and “do not distinguish” the receptor conformations that correspond to the activated and
inactivated states. In both cases, JSTX-3 molecule blocks the ion currents almost com-
pletely. We would like to carry out similar experiments investigating more simple frag-
ments of JSTX-3 molecule — 2,4-dihydroxyphenylacetat-asparparin (DHPhA-Asp) and
2,4-dihydroxyphenylacetic acid (DHPhA) that can block gCRC [53].

An interesting feature is that the processes of AR and JSTX-3 removing by “washing”
in Ringer’s solutions (both in the presence and without agonists (GLU, KK)) were similar.
According to our preliminary data, the presence of agonists (GLU, KK) was necessary for
the better “washing” of argiopin and some argyopinins in solutions. The processes
of formation and dissociation of toxin-receptor complexes were better for these substan-
ces with the activation of gCRC. According to the literature data, another toxin — gCRC
antagonist with similar characteristics is known: 3-philanthotoxin [4]. However, a signifi-
cant difference in structure of its molecule (it has oxyphenol instead of 2,4-DHPhA or
2,4-DHPhA-Asp) and the absence of data on that issue does not allow us to make any
conclusions about the relationship of its properties with the structure of its molecule.

According to data of some authors’, the necessary condition for AR “washing” is the
presence of agonist in washing solutions [48, 24]. This contradicts to the results of our
researches. However, that effect is easy to explain taking into account that in those
works the roughly purified AR preparations were used. That effect could be caused by
the impurities of argiopinins.

It should be noted that the obtained regularities of toxins’ properties’ correlation with
their structure may be changed during the study of newly obtained antagonists with
another chemical structures.

Degree of KK-activated currents blockage. None of studied toxins could block KK-
activated currents completely, even at high concentrations (10* mol/L). JSTX-3 suppre-
ssed the amplitudes of KK-activated currents the most effectively — up to 6 % of the initial
values. The efficiency of KK-activated currents suppression decreased from left to right in
the following sequences of toxins: JSTX-3 > AR > ARN-2 > ARN-1. As one can see, the
degree of current suppression by the toxins may depend on the length of their polyamines:
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the shorter the toxin, the more effectively it closes the ion channel. However, this finding
should be supported by additional studies of other analogs with different lengths of
polyamine chain.

Irreversibility of toxins’ action. For JSTX-3 analogues with different polyamine
lengths, it was found that polyamine chain elongation caused the formation of more
stable toxin-receptor complex [22, 24]. However, AR demonstrated more revealed re-
versible action, although its length is only slightly longer than that of JSTX-3. Perhaps,
this is due to the fact that two amino groups linked with AR polyamine chain can react
easily, and the length of polyamine appeared to be functionally less important? To an-
swer this question, we studied how the toxin structure is related to the rate of “washing”
of other A. lobata toxins (see Table, Fig. 6).

We demonstrated that AR was in separate position among the other studied toxins
from A. lobata. All other A. lobata toxins were “washed” much worse, regardless of their
structures. However, if to study the sequence of analogs separately, it was shown that it
was easier to wash the substances with longer polyamine fragment. This was true within
the groups of argiopinins 1-5 and pseudoargiopinins 1-3 (see [29]). Our conclusion is
opposite to the conclusion of other authors, that was made earlier for JSTX-3 analogues
(see above). Thus, for AR and its analogues — the longer is the toxin molecule, the better
it is “‘washed”. The exception was ARN-1 (arginopinin 1) whose action is almost irrever-
sible. However, unlike other toxins, its polyamine contains an easily dissociated cationic
group with pentavalent nitrogen. This group probably contributes to the formation of more
stable toxin-receptor complex.

Kinetic characteristics of toxins’ blocking action. Based on the calculations’ for the
values of toxins’ binding constants and constants of toxins’ “washing” (see the Table), as
well as on the basis of previous data obtained during the study of argiopinins 1-5 and
pseudoargiopinins 1-3, the following conclusion was done. With the lengthening of the
polyamine chain, the values of the first binding constants of the toxins with gCRC in-
creased, and the constants of toxins “washing” increased too. Otherwise, the longer is
the toxin molecule, the faster it binds to the receptor and breaks the links with gCRC
more quickly during dissociation. This rule is not true for the molecules having long side
chains, namely ARN-4, whose binding constant is higher than expected. Perhaps, this
regularity should be transformed as follows: the longer and more branched is the toxin
molecule, the faster it binds and breaks the bonds with gCRC.

Relationships between toxins structures and their electrophysiological cha-
racteristics as a base for novel methods of quantitative and qualitative analysis.
All toxins studied in this work were isolated both from the natural source — venoms, and
were synthesized in laboratory conditions. The effect of synthetic analogues was com-
pletely identical to the action of natural toxins. This confirms the correctness of the de-
coded toxins’ structures and the identity of the synthetic toxins with the corresponding
natural analogs.

We suggest that the relationships between toxins structures and their electrophysio-
logical properties described above can be used for the development of novel methods
of qualitative and quantitative analysis [27, 33, 37, 38]. Accordingly, this our suggestion
can be defined as following algorithm.

1 — The necessary electrophysiological characteristics have to be registered in ex-
periments. 2 — These data have to be accumulated and ordered in databases. 3 — The
relationships between toxins structures and their electrophysiological properties have to
be established and revealed (for example, in a graph form). 4 — Unknown chemical
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substance can be defined on the base of established relationships in comparison with
known substances. It is necessary to emphasize that such methods have to be based
obviously on good statistics and developed computer basis.

Abovewritten can be illustrated by a simple qualitative graph (Fig. 7) [27]. Axis OX —
chemical structures (phenol and indol derivatives); their structure complication is from
the left to right. Axis QY — qualitative representation of the effects described in this arti-
cle. In the circles, the numbers 1, 2 mean following regularities: 1 is the decrease of
effect with chemical structure complication, and 2 is the increase of effect with chemical
structure complication [27, 33, 37, 38].
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Fig. 7. Qualitative regularities of damaging toxic effect of studied substances [27, 33, 37, 38] (details see in text)

Puc 7. AkicHi 3aneXHOCTi NOLKOAXYBanbHOro TOKCUYHOIO BMAMBY AOCAIAXEHUX pevoBuH [27, 33, 37, 38]
(NosicCHeHHs y TeKcTi cTaTTi)

CONCLUSIONS

In present article we have analyzed the results of the studies of some Araneidae
substances. The results of investigations of two spider species — Nephila clavata and
Argiope lobata are presented. Some electrophysiological characteristics of these ve-
noms and toxins — their main active components — have been observed. The results of
electrophysiological properties studies for the pairs: venom from N. clavata with toxin
JSTX-3, and venom from A. lobata with toxins argiopin AR, ARN-1, ARN-2 are pre-
sented in parallel. A described similarity in characteristics of actions of venoms and
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toxins (their main active components) allows concluding that the physiological proper-
ties of the venom JSTX-V and AR-V are determined by the toxins JSTX-3 and AR,
respectively. However, although the contribution of these toxins in overall effect is sig-
nificant, it does not cover all properties of the venom.

The similarity in blocking characteristics between each venoms and corresponding
toxins is presented. In our comparative analysis of correlations between the electro-
physiological effects of studied toxins and their chemical structures, following effects of
these interactions were studied: 1 — toxins influence on the activated and inactivated
receptors; 2 — degree of blocking of KK-activated currents by different studied antago-
nists; 3 — comparison of degrees of irreversibility of toxins action; 4 — differences in ki-
netic characteristics of toxins’ blocking actions. The relationships between toxins’ struc-
tures and their electrophysiological characteristics are described; they can be used for
the development of novel methods of qualitative and quantitative analysis [27, 33, 37,
38]. For these methods, the patents of Ukraine were obtained [30-38].
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NOPIBHANBHUA AHANI3 OEAKUX OTPYT | TOKCUHIB ARANEIDAE:
XIMIYHI CTPYKTYPU 1 ENEKTPO®I3IONOrIYHI BIIACTUBOCTI

O. M. Knroyko

HaujoHanbHut asiayitHutl yHisepcumem, nipocr. Jllnbomupa ysapa, 1, Kuie 03058, YkpaiHa
e-mail: kelenaXX@nau.edu.ua

MeToto ny6nikauii 6yB NOpPiBHANBHUIA aHani3 pe3yneraTiB BUBYEHHS eNekTpodisio-
NOriYHNX XapaKTEPUCTUK TOKCUHIB i OTPYT AesKMX naBykiB Araneidae, siki MaloTb OyTu
KopuCHUMU Ans nabopaTopHOI NpakTUKM Ta noganblumx gocnigpkeHs. NpeacraBneHo
pesynsrati gocnifXeHb pevoBuH i3 ABOX BuAiB nasykiB — Nephila clavata i Argiope
lobata. BoHu cTanu BigoM1MMK 3aBASKM BNACTUBOCTAM IXHIX OTPYT i TOKCUHIB SK aHTaro-
HicTiB rmyTamaTHux peuenTtopiB. Lli pe4yoBuHM ycnilulHO BUKOPUCTOBYBanNu Anst 4OCHi-
DKEHHST MEMOpPaHHUX CTPYKTYp. Pedynbrati enekTtpodisionoriyHnX JoCnigKeHb OTpyT
i TOKCUHIB NpeacTaBneHri ansa otpyTn 3 N. clavata Ta 1Oro 0CHOBHOIO [it04Oro KOMMOHEH-
Ta TokcuHy JSTX-3, a Takox onst otpyTn 3 A. lobata i TpbOX 11 TOKCUHIB — aprioniHy AR,
aprioniHiHy 1 (ARN-1), aprioniHiHy 2 (ARN-2). lNpegctaBneHo AaHi Woao BignoBigHOCTI
MK enekTpodi3ionoriYyHMMK XapakTepucTukaMmm aii 4OCniAXKEeHNX TOKCUHIB i XiMIYHOH
CTPYKTYPOIO IXHIX MOMeKyn; BOHU MOXYTb OyTW 3aCTOCOBaHI ANs PO3BUTKY HOBITHIX Me-
TOAIB SIKICHOrO Ta KinbkicHoro aHanisie. O6roBoptoBanucs npobnemu KOMMMEKCHOro
cKragy OTpyT, @ TaKOX MOXITMBICTb MOBHOIO BU3HAYEHHS BNIACTMBOCTEN OTPYT 3a iXHIMM
OCHOBHUMM aKTUBHUMM KOMMNOHeHTaMu. Posrnsganaca takox ponb JSTX-3 ak “yHiBep-
carnbHOro Mapkepa rnyraMmaTepriyHMx CUHanciB” gnsi pisHMX BUAIB dhayHu.

Knroyosi cnoea: oTpyTu naeykiB Araneidae, TOKCUHW, aHTaroHICT rmyTaMaTHUX
peuenTopiB, TPAHCMEMOPaHHUIN ENEKTPUYHUIA CTPYM
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