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Abstract

The web structure, construction and protein profile of web and egg case of Argiope pulchella are described. The number
of radii and spirals in the web are more in the field condition when compared to lab condition. The chromatographic
analyses suggest the presence of glycine, serine, threonine, valine and tyrosine in the web while tyrosine is absent in the
egg case. The protein profiles of the web and egg case showed different polypeptide profiles.
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INTRODUCTION

Spiders are dominant arachnids, known to all men as
the spinner of silk threads that are often used to make
elaborate ingenious and beautiful webs (Savory, 1977).
They are found throughout the surface of earth right
from arctic to dry desert region. They are particularly
found in areas of rich vegetation and have occupied all
possible ecological niches on land (Turnbull, 1973).
Their biology, occurrence and distribution was studied
by Levi (1968) and Foelix (1982). Spiders are divided
into two groups viz., the wandering spiders and
sedentary web spiders.

Spiders belonging to the family Agelenidae are funnel
weavers, Lynyphidae are sheet web weavers,
Therididae and Pholicidae build some irregular webs
and Araenidae build the most impressive webs the
orb webs. Bradoo (1973) had described the web patterns
of various spiders. Witt (1967) had given an account of
web building spiders and the method of web spinning.

The thread from which the web is constructed is only
several microns thick. The fine structures of the thread
where they connect to the attachment disc possess
remarkable strength (Dewilde, 1943). An orb web
contains 1000-1500 connection points most of which
occur between the radii and the spiral threads (Jackson,
1971). In Araneus diadematus, usually 25-30 radial
threads forming fairly angles of 12-15°. Webs of young
spiders often have many more radii than adults (Witt

etal., 1971,1973). Kaston (1964) explained the remarkable
ability of spider to use several forms of silk. Bristowe
(1941) had reviewed spider’s spinning skill, their
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magical abilities to move through space in invisible
silken lines and their construction.

The silk is produced in silk glands and released by the
spinnerets. The spider was found to regulate the release,
mixing and the kind of the silk (Katson, 1964). Silk is a
proteinaceous secretory product and scleroprotein of
unknown structure. The molecular weight of the fibroin
of orb weaver Nephilia is 30,000 (Braunitzer 1955).The
molecule of the polypeptide change their orientation
from alpha configuration to beta which changes the
water soluble silk to insoluble thread.

Anderson (1971) had analysed amino acids in spider
web and cocoon. The pioneering studies of Fischer
(1907) revealed the amino acid content of the spider silk.
Recent research on the properties of the silk has
unearthed more fascinating facts that make ideal for its
function (Vollrath, 1972). This paper describes the web
structure, construction and protein profile of the web
and egg case of Argiope pulchella.

MATERIALS AND METHODS

The spiders were collected in polythene bags and
transferred to the lab without any damage or injury.
Later, they were allowed to grow in individual plastic
containers of height 19.5cm and breadth 11cm. The
containers used were provided with holes in the lid for
aeration/ventilation. Spiders were provided with
grasshopper, drosophila and small flies every day. The
containers were not kept at direct sun light in order to
maintain room temperature. Small cotton soaked in
water was placed to have 70-85% humidity. Spiders get
acclimated to these conditions in 2-3 days.

The following observations were made

Web construction: The old web in the site was destroyed
and the new web built by the spider was observed and
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the following were recorded both in the field and lab
conditions.

i. The time taken for the construction.

ii. Number of radii and spirals.

iii. Partial destruction of the web and the time taken for
repair and the repairing ability.

iv. Size and shape of the web.
v. Egg case construction.
Mechanical Property

i. Effect of water on the web: The spider was removed
and the web was kept under running water for 3-5min.

ii. Effect of vibration on the web: The web was disturbed
by vibration and the spider behaviour was observed.

Chemical properties

1.Analysis of the amino acid content of the web and
the egg case

The samples of the web and the egg case were subjected
to Thin Layer Chromatography (TLC) to study the amino
acid content.

One hundred mg of the web egg case was taken in a dry
test tube and to it was added 10ml of 6 N HCL. Air was
removed and the test tube was sealed and heated for 24
hrs at 110-150° in oil bath and the content was taken in
a petridish. The tube was washed with 2ml of water.
Then the solution was evaporated in a water bath till
the residue was formed. Then it was dissolved in 10ml
of 10% isopropanol, filtered and refrigerated.

The samples are spotted on the plate and suspended in
the chamber and then the solvent front was marked.
The plate was air dried and sprayed with Ninhydrin
and the Rf values were calculated.

2.Protein profile study of the egg case and the web

The total soluble protein from the web and the egg case
samples were extracted using 50mM Tris — HCL buffer,
pH 7.2 containing 20% Sucrose, 0.2% Cysteine
Hydrochloride and 2% ascorbic acid. The homogenate
was centrifuged at 12,000rpm for 15min at4°C ina
centrifuge. The supernatant was preserved for
Electrophoresis.

The protein profile was studied by using SDS-PAGE
and following the method of Laemmli (1970) and the
gel was scanned to measure the quantity of individual
polypeptides using a Laser Densitometer Scanner.

The samples were subjected to run in a mini slab gel for
4hrs, under a constant voltage of 60V for stacking gel
and 100V for separating gel. The gel was stained with
Coomassie Brilliant Blue R-250 and was destained
sufficiently to visualize clear polypeptide bands and
scanned using a Laser Densitometer Scanner.
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RESULTS AND DISCUSSION

i.Web construction: At first the spider selects a suitable
place to start with and takes a head down position.
Then it secrets the adhesive disc or the attachment disc
at which time feeding was not seen and many mooring
threads were fixed. After that the radial threads were
established with the help of front legs. Then the spiral
threads were drawn by connecting the radial threads.
After that the circular strengthening zone and the hub
were constructed. The final step was the formation of
the spirals that are equal in distance and according to
the will of the spider the sticky and non sticky spirals
are laid. The time taken for the construction was
25-30minutes. Then in the next day the X shaped
stabilimentum was completed. (Fig.1)

ii. Number of radials and spirals: The number of radii
in the field was more than in the lab condition. The
number of radii and spirals in the field were 33-36 and
52-56, respectively. On the other hand in the lab the
number of radii and the spirals were 24-28 and 35-43,
respectively.

iii. Partial destruction of the web: When the webs were
destructed to a little extent, they were repaired. But if
the web was destructed often / more than 3-4 times, the
spider moved to a new position.

iv. Size and shape of the web: The web in the field had
a diameter of 30-45cm, while in the lab it was only 11-
12.5cm in diameter.
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Fig-1. Web of Argiope pulchella

v. Construction of egg case: The case was constructed
in the early hours. At first the base was constructed by
repeated to and fro movements of the abdomen. The
time taken for the construction was 15min. Then
the eggs were laid in the centre of the mat which took 3-
4min. Later the spider covered the eggs with another
layer of silk thread mat. The entire construction took
40min.

Mechanical property: i. Effect of water on the web:
When the web was exposed to water flow, the
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Plate-1. Amino acid profile of web and egg case of
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Plate-2. Protein profile of web and egg case of

A.pulchella obtained from Thin Layer Chromatography  A. pulchella obtained from SDS-PAGE

(TLO).
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A-WEB, B- EGG CASE and Standards 1 to 13

STANDARDS:

1. CYSTINE 8. THREONINE
2. GLYCINE 9. VALINE

3. HYDROXY-PROLINE 10. ISO-LEUCINE
4. LYSINE 11. ASPARGINE

5. HISTIDINE 12. METHIONINE
6. TYROSINE 13. TRYPTOPHAN
7. SERINE

Table 1. Rf Values of amino acids in the web and egg
case of Argiope pulchella

Amino acids Rf Values
Standard | Web | Egg case

Glycine 0.138 0.111 0.102
Serine 0.155 0.120 0.129
Threonine 0.195 0.203 0.185
Valine 0.324 0.287 0.277

Tyrosine 0.361 0.352 -
ISO-Leucine 0.379 0.388 0.388
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Figure 2. Protein profile scan of egg case of
A.pulchella.
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Figure 3. Protein profile scan of web of A. Pulchella

attachment disc stayed in its position. Small air bubbles
were seen in between the network of the web. After
2-3minutes of continuous exposure the spirals got
loosened.

ii. Effect of vibration on the web: When the web was
vibrated, the spider showed rocking movement for about
2-3minute. If there was a prolonged vibration, then it
dropped like a dead individual and stayed without
moving for about 20minutes.

Chemical property: i. Amino acid content of the web
and the egg case: The Chromatographic analyse of the
samples suggest the presence of amino acids viz.,
Glycine, Serine, Threonine, Valine, Tyrosine and Iso-
Leucine in the web and in the egg case Tyrosine was
absent.(Plate-1 & Table 1)

ii. Protein profile: The protein profile showed several
polypeptide bands in the gel ranging from 15KD to
200KD, both in the web and in the egg case samples.
The prominent bands were at 200 KD, 120 KD, 86 KD,

82 KD, 80KD, 76 KD and 24KD. (Plate-2, Figs. 2 and 3).

Web spinning is an innate mechanism. Even though it
is innate the selection of the site, size, structure and
texture of the web depend upon the space available
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which are perceived by the leg muscle and hence it can
adapt to the given situation.

The radial threads help in communication and provide
quick access routes to the spider. The spirals help to
capture the prey once when the prey is caught it tries to
free itself which makes it to get entangled more. The
arrangement of the sticky and non-sticky spirals and
the distance between them is altered every time a new
web is constructed.

The common feature of the web which is the X shaped
stabilimentum help the web to avoid looping and
removal of water during rainy season. This also helps
to support the body against gravitational force and it
also acts as a shield against heat radiation.

Recent research on the properties of the spider silk has
unearthed more fascinating facets that make ideal for
its function. Study of web design had led to engineering
marvels which resulted in buildings constructed with
minimum raw materials, without much pillars inside
to support, extensive use of gravitational force etc. Apart
from these uses, spidersilk is used in medical field as
well. It is used as suture threads, in burn treatments
and the medical use is traced to Ayurvedic preparation
also. Current fields like Robotics, use the spiders as
models forconstructing robots. As such, future studies
on these lines are suggested.
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