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Preliminary studies on the venom of three Indian spiders
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Abstract. Pure venom from 3 Indian spiders was extracted by electrical stimulation. The
average amount of venom yielded per spider and the average protein content in the venom
were evaluated. The venom proteins and free amino acids have been separated by
electrophoretic and chromatographic techniques respectively. Nine major fractions were
separated from the wolf spider, Lycosa indaqastrix and 7 from funnel web spider Pleisiophrictus collinus and the common house spider Heteropoda cenatoria. Each venom had a
distinct electrophoretic pattern. Chromatographic studies revealed that proline was the only
free amino acid common to all the 3 venoms.
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1. Introduction

Spider venom has received considerable attention by a number of workers because of
its potency and their clinical manifestations in man. However, the major work done
was on a few medically important genera like the black widow spider, Latrodectus by
Maretic (1966), Mccrone (1964), Mccrone and Hatala (1968), the brown recluse
spider, Loxosceles by Smith and Mick (1969), Mowis and Russel (1975) and Morgan
(1969), the Sydney funnel web spider Atrax by Wiener (1957, 1961) and Gilbo and
Coles (1964) and the wolf spider Lycosa and the banana spider, Pheneutria by
Fischer and Bohn (1957), as they possess potent venoms which can produce severe
envenomation in man.
In view of the fact that Pleisiophrictus collinus, Lycosa indaqastrix Walck 1837 and
Heteropoda venatoria Linn 1766 are widely distributed in and around the Madras
city and since cases of their bites are quite common. Although it has been well
documented that the envenomation by spiders could cause severe necrosis in
humans, research on the venom of spiders is limited mainly due to the difficulty in
capturing the large number of spiders to produce adequate quantity of venom,
needed for the research, and in obtaining pure venom from these spiders, owing to
their small gland size. This communication presents some quantitative data on the
collection of venom and a comparative electrophoretic and chromatographic pattern
of venom proteins and free amino acids.
2.

Materials and methods

The specimens used in the present investigation were collected periodically within
the 363-acre scrub jungle of the Madras Christian College and also from the agricultural fields and deserted houses in the neighbouring villages on the outskirts of
·Since deceased.
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the Madras city. P. collinus the common funnel-web spider a mygalomorph, and
H. venatoria. the common house spider and L. indagastrix the wolf spider are araneomorphs, chosen for the present study.
2.1

Extraction of spider venom

Among the methods used for obtaining spider-venom the most common ones are the
surgical removal of the venom glands, or the use of an electric stimulator (Smith and
Mick 1969). The former however presents two problems i.e. each spider can be used
only once, and moreover the material obtained is a mixture of venom along with the
gland tissues. Hence in the present investigation venom was extracted from unanaesthetised spiders by using an electrical stimulator, improvised in the laboratory,
but based essentially on the apparatus designed by Morgan (1970). The stimulator
was successful in that the electric shocks delivered were sufficient to stimulate spiders
for the extraction of venom quickly.
The stimulator used consists of batteries, wired to an automobile ignition coil and
a flat metal plate for mounting the spider. A high voltage direct current is discharged
through the wire of the ignition coil to the copper stimulator. The required voltage
can be set with the rotary switch (figure 1a).

Figure 1. a. Electric stimulator for extraction of venom. (A. Batteries; B. rotary switch;
b. Process of extracting venom
from a spider. c. A droplet of venom obtained in stimulating a spider.

C. automobile ignition coil; D. metal plate; E, stimulator).
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For venom extraction, an unanaesthetised spider was fixed to the metal plate, with
its cephalothorax projecting slightly over the edge of the plate. The stimulator was
then placed on the cephalothorax, just posterior to the eyes (figure lb). Closing and
opening the switch produced an electrical impulse in the form of a spark. A few such
electrical stimuli were sufficient to produce maximum contraction of the venom
glands, whereby a small droplet of venom was exuded out of the fangs (figure l c),
2.2

Determination of protein

Protein concentration in the venom was assayed according to Lowry et al (1951). All
absorbance readings were taken in a Kontron-Uvikon spectrophotometer.
2.2a Polyacrylamide gel electrophoresis: For the purpose of studying the nature of
the proteins of spider venom, electrophoretic method of Davis (1964) was employed.
Electrophoresis of the venom was carried out at 4°C in a 7·5% polyacrylamide gel,
set in a disc gel electrophoresis (Broviga) with the conventional Tris glycine buffer at
pH 8·3. 0·1 ml of venom reconstituted with distilled H 2 0 was loaded into each slot.
Maximum resolution was achieved using 4 rnA gel tube at 100 volts for 60-70 min.
The gel were later stained with 0-2% aqueous solution of Coomassie brilliant blue
and destained with 7% acetic acid.
2.2b Densitometric analysis: Densitometric scanning of proteins was carried out by
scanning the gels with the help of the Chromoscan Schimadzu cs-91O, Dual wave
length thin-layer chromatography scanner.
2.3

Chromatographic separation offree amino acids

Free amino acids were separated from spider venom using a uni-directional paper
chromatography. The venom sample was mixed with 2 ml of 80% ethanol for precipitation of the proteins and centrifuged at 11,000g for 5 min. Three volumes of
chloroform was then added to the supernatant to remove the precursors of lipids.
The aqueous layer formed at the top was used for spotting. Butenol, acetic acid and
water was used as the solvent, in the ratio 12: 3: 5. The amino acids were identified
using known R f values of the standard run under similar conditions.
3.

Result and discussion

Pure venom for the present study was obtained on electrical stimulation (4-6 volts)
by a variable (0-12) volt transforer, which permitted slow extrusion of venom from
the fangs into a microcapillary tube. The venom was a clear, highly viscous droplet of
fluid, with a tendency to dry fast.
3.1

Venom quantity

The average amounts of venom obtained per spider of each species are listed in
table 1. P. collinus being less aggressive and less irritable, yielded very low quantity of
venom (0'29± 0·02Ill/spider) as against L. indagastrix which yielded a significantly larger
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Table l.

Average yield and protein analysis of venom* in the spiders.

Species
L. indagastrix
H. oenatoria
P. collinus

Average yield
of venom (Jll/spider)

Protein
concentration
(Jlg/JlI)

0·65±0·03
0·38±0·02
0·29 ± 0·02

205·38 ± 7-97
251-15± 8·25
274·22± 8·56

Mean±SD.
*Each sample is obtained by pooling venom from 10 mature spiders.

quantity of venom (0,65 ± 0·03jll/spider) and H. oenatoria that yielded ()38± 0-02 jl1/
spider. Earlier reports on venom collection were questionable due to contamination
by stomach contents and other secretions. The use of a stimulator, in the present
study eliminates these contaminations and facilitates reproducibility. The methods of
extraction were effective among all the spiders tested, less than 5% failed to give
measurable quantity of venom. On comparing the average yield of venom, with the
data referring to the much dreaded Loxoceles reclusa by Morgan (1969) and Smith
and Micks (1969), it appears that the common house spider H. venatoria has a
similar quantity of venom, but the quantity of venom in L. indagastrix is comparatively much higher. The venom may vary quantitatively and qualitatively from
species to species and may also vary even within an individual, at different times of
the year, or under different environmental conditions or even with the age (Morgan
1969; Keegan et aI1960). In the present study, although variations in venom volumes
were observed during different stages of development, there was no significant
difference in the quantity of venom yielded by either of the sexes.
3.2

Venom proteins

The protein concentration of the venom (Jlgfl,tl) is listed in table 1. Though the
average protein content in the venom of L. indagastrix is higher (133'00 ± 2·68 jlg/
spider) and that of P. collinus is as low as 80·33± 2'34 Ilg/spider, the concentration of
proteins per ml of the venom is the highest in the mygalomorph spider (274'22± 8'561lg/
Ill). The concentration of the toxic principles or the protein in the venom of the house
spider is found to be 251'15±8'25Ilg/jll and that of the wolf spider 205'38±7'971lg/
Ill, against the copious amount of venom secreted by it.
Based on the finding of Hodgon and Frank (1980), who suggested that proteins
play an important role in venom toxicity and that these roles assume different
importance in various species of venomous animals, a qualitative analysis of spider
venom proteins were attempted using disc-gel electrophoresis. Since venom is known
to be unstable with respect to its protein component (Schottler 1951), pure venom
used for the assay was fresh. A typical stained polyacrylamide gel electrophoretic
pattern of the venom along with their respective scan patterns are presented in
figure 2. The total number of fractions, their protein content and the relative proportion (%) are given in table 2. Though all gel columns were run at the same time
and under the same conditions, variations were observed in the venom proteins
which could be attributed to the wide range of toxicities observed in spiders. Such
toxic principles are capable of producing one or more deleterious changes in several
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Figure 2. A typical stained polyacrylamide gel electrophoretic pattern of the venom along
with their respective scan patterns. a. Pleisiophrictus collinus. b. Heteropoda venatoria.
Co Lycosa indagastrix.

organ systems or tissues and are even capable of provoking some of these changes
concurrently.
For the purpose of convenience and to avoid ambiguity, the electrophoretic
patterns seen in the running gels are broadly divided into 3 categories (table 2) of the
9 major fractions observed in the scan pattern of the venom of L. indaqastrix, 3 slow
moving cathodic proteins were seen near the point of application of the venom.
Similarly of the 7 major fractions in the venom of the house spider 3 of them were
slow fractions. In the mygalomorph, P. collinus venom, only two cathodic fractions
were noticed.
However, a few variations were observed in gel patterns of any particular species.
This intraspecific variations could depend on the stage in the regeneration cycle at
which the venom sample is obtained. The labile nature of venom is especially true
with regard to liquid venom (Marsch 1974). As venom secretion cannot cope with the
demands at the moment of need, the spider has to store venom in the lumen and
possibly in the secretory cells of the gland. Hence venom obtained on the first day of
milking had possibly been subject to autolysis or other breakdown process. With
subsequent milking, fresh venom is produced and the electrophoretic pattern
stabilises.
Although, the venoms appear to have the same basic nature, electrophoretic
studies indicate that there are qualitative differences in them. However several
common protein fractions were observed in the venom samples of the 3 species. Two
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Table 2. Qualitative analysis of proteins in the venom of spiders.
Electrophoretic fractions
Proximal ( - )

Species

Volume
of
venom
(}II)

Total
protein
content
(}Ig)

4·5
4·5
4·5

920·77
1068·75
1285·71

L. indagastrix

H. venatorla
P. co/llnus

No.
of
tions

Relative
propertion(%)

Protein
content
(}Ig)

3
3
2

3Q-364
35'581
16'102

279'58
38Q-27
207·03
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Figure 3. Free amino acids in the venom. a. L. indaqastrix.
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b. H. tenatoria.

c. P. collinus.
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similar cathodic fractions and two similar anodic fractions of relatively similar
mobilities were observed in the venom of L. indagastrix and H. venatoria: Likewise,
one similar distal fraction was noticed in the venom of the mygalomorph spider
P. collinus and L. indagastrix and another similar anodic fraction in the venom of
H. venatoria and P. collinus. The presence of such common antigens in the venom of
dreaded species may enable one to prepare antivenin against one that could
neutralise the lethal effects of the venom of other species.

3.3

Free amino acids of the venoms

A comparison of the free amino acids in the venoms of the spiders were presented in
figure 3. Lycosa venom was found to contain 9 different amino acids-cysteine,
lysine, histamine, glutamine, proline, Iso-leucine, methionine, tryptophan and
glutamic acid. P. collinus venom contained 6 free amino acids and H. venatoria
venom had 4 free amino acids, proline being the only amino acid common to all the
venoms.
Hence it is evident from the foregoing analysis that the venoms of the 3 common
Indian spiders present unique and a distinct pattern of proteins and free amino
acids which could probably account for the differences in their clinical manifestation
following envenomation by the spiders.
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