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Abstract

Recent studies have demonstrated that orb-weaving spiders may alter web
architectures, the amount of silk in webs, and the protein composition of silksin
response to variation in amount or type of prey. In this study we conducted food
manipulations to examine whether orb-weaving spiders may adjust the physical
properties of silk or its amino acid composition, as well as the structural features of
orb webs, to variation in prey. We fed Nephila pilipes two different types of prey,
crickets or flies, and then compared orb structure and the chemical and physical
properties of major ampullate (MA) silk between groups. Prey type did not affect orb
structuresin N. pilipes. However, MA silk diameter and the stiffness of orbs
constructed by spiders fed crickets were significantly greater than for the fly group.
MA silk manually drawn from N. pilipes fed crickets was significantly thicker, but
less stiff, than silk from spiders fed flies. Spidersin the cricket treatment also
produced MA silk with dlightly, but statistically significantly, more serine and
marginally less alanine than silk from spidersin the fly treatment. Percentages of
other major amino acids (proline, glycine and glutamine) did not differ between
treatments. This study demonstrated that orb-weaving spiders can alter structural and
material properties of MA silk, as well as the physical characteristics of webs, in
response to different types of prey.



Watanabe, 2000
Venner 2000

24

Tso, 1999
Venner et d., 2000

Pasquet et al., 1994

Higgins & Buskirk,
1992 Schneider 1998 Araneus diadematus

Chacon & Eberhard, 1980; Murakami, 1983 ;Sandoval., 1994; Watanabe, 2000

Sandoval, 1994  Herberstein
Heiling 1999

Octonoba sybotides hub
Watanabe, 2000

Wirth & Barth, 1992. Vollrath,

1987 Craig, 1989 Henscel & Lubin, 1990

Craig et al., 2000 Tso 2005

Major Ampullate Spidroin 1 MaSpl Xu & Lewis 1990 Major
Ampullate Spidroin2 MaSp2  Hinman & Lewis 1992

MaSpl (GA)n (A (GGX)n motif G: Glycine A :Alanine
X: Xu & Lewis 1990 (GAn (A B -sheet
Godline et al, 1999 Winkler & Kaplan 2000

MaSp2 GPGXX GPGQQ motif  P:Proline Q:



Glutamine B -turns Hayashi et

a., 1999 N. clavipes Tai 2004 N.
clavipes N. pilpes MaSpl
Tso 2005
glutamine  proline alanine FTIR
proline  glutamine [ -turns alanine 3 -sheet
MaSpl MaSp2
Craig
et al. 2000
60 x 60 x 30
5x5x3 m
11 10
7

Wirth  Barth 1992

Herberstein & Heiling, 1999

Guinea 2005
3 6 x 1.5cm 10x
7x2 3
2 2
1-2 M/min.
1.5ml reverse-phase

HPLC high-pressure liquid chromatography



10
2.4cm
Biology, University of California Riverside

stress /
Modulus
Godlineet al., 1999

7
hub 5
hub 5
30
7
30cm
Kohler & Vollrath, 1995
0.1g
20%
3cm 20%
10cm Kohler  Vollrath 1995

Araneidae)

10
Department of

strain
Modulus

3cm

Aranues diadematus (Araneae,



Rhisiart & Vollrath, 1994

Hub
Herberstein  Tso 2000
1 1 1 r, +C;‘ r+-—"
2 2 2 2

[Eﬂfau —=7(Hr,) :|+|:E7Zfa| - ﬂ(Hrl)}rau: 5 =
l(ru —Hr, _n-Hr J
2((8,-1) (s-1)
ru f dn H Hub

XRweo XRnb Xxx spird + XRweo XRnib xx radii

X Rweb xR hub x spira
radii

(SEM) Wirth & Barth
1992  Araneus

7TmA 3 15Kv S-2300



SYSTAT 9.0
Analysis of Covariance

ANCOVA

dependent variable

MANOVA
Modulus
100
Analysis of Variance
outlier
9 ;(:7.192mm ;<:7.3mm
x=1263.02 2 x=1293 2
x=0.825 x=0.849
x=1575.71 x=1807.56
x=67.78 x=61.33
x=3.964 m
x=0.826g, N=9 1.85

ANCOVA

MANOVA Multivariate

x=3.428 m

x=1.525g, N=9

1.105



7
Glycine  Alanine
Alanine

Modulus

X=67.78

Glutamine Serine Proline
MANOVA Serine
Glutamine Proline Glycine

ANCOVA

Maor Ampullate Spidroin1 MaSpl Xué&

Lewis 1990 Major Ampullate Spidroin2 MaSp2 Hinman & Lewis 1992

2000 MaSp2
Alanine

Modulus

Alanine  Glycine

Glutamine  Proline
Glutamine

Winkler & Kaplan
MaSpl [3-sheet
Godline et a, 1999
Alanine
Modulus

Modulus

Zax 2004 N. clavipes
MaSp2 [3-turn

Proline

8



MaSpl  MaSp2

Glycine Glycine Tso etl.,
2005 Proline 52 Serine 129 CGlutamine 129 Alanine 6.4
Glycine 6.8 Proline 6.7 Serine 4.7 Glutamine 10.5 Alanine

6.6 Glycine 6.5
Ramos-Elorduyet al., 1997

Tso 2005
Serine  Alanine Alanine
Tso 2005 1
N=8 2 3

Pasquet, 1984 Leborgne& Pasquet, 1987 Work & Young 1987

Chacon, P. & Eberhard, W. G. 1980. Factors affecting numbers and kinds of prey
caught in artifical spider webs, with consideratiobs of how orb webs trap prey.
Bulletin of the British Arachnological Society, 5: 29-38.

Craig, C. L. 1989. Alternative modes of orb web weaving spiders. Biotropica, 21:
257-264.

Craig, C. L. 1987. The ecological and evolutionary interdependence between web
architecture and web silk spun by orb web weaving spiders. Journal of the

Linnean Society, 30: 135-162.



Craig, C. L., Riekel, C., Herberstein, M. E., Weber, R. S,, Kaplan, D. & Pierce, N. E.
2000. Evidence for diet effects on the composition of silk proteins produced by
spiders. Molecular Biology and Evolution, 17(12): 1904-1913.

Gilman, J. J. 1996. Strength of Spider Silk. Science, 272.

Godling, J. M.,Guerette, P. A., Ortlepp, C. S. & Savage, K. N. 1999. The mechanical
design of spider silks: from fibroin sequence to mechanical function. Journal of
Experimental Biology, 202: 3295-3303.

Guinea, G V., Elices, M. & Real, J. |. 2005. Reproducibility of the tensile propertied
of spider( Argiope trifasciata) silk obtained by forced silking. Journal of
experimental Zoology, 303A: 37-44.

Hayashi, C. Y., Shipley N.H. & LewisR. V. 1999. Hypotheses that correlate the
sequence, structure, and mechanical properties of spider silk proteins.
International Journal of Biological Macromolecules, 24: 271-275.

Henscel, J. R. & Lubin, Y. D. 1990. Environmental factors affecting the web and
activity of a psammophilous spider in the Namib Destert. Journal of Arid
Environments, 22: 173-1809.

Herberstein, M. E. & Heiling A. M. 1999. Asymmetry in the orb webs: aresult of
physical constraints? Animal Behaviour, 58: 1241-1246.

Herberstein, M. E. & Tso, |. M. 2000.Evalution of formulae to estimate the capture
area and mesh height of orb webs(Araneoidea, Araneae). Journal of Arachnology,
28: 180-184.

Hieber, C. S. 1984. Orb-web orientation and modification by spiders Araneus
diadematus and Araneus gemmoides (Araneae:Araneidae) in response to wind
and light. Zeitschrift fur Tierpsychologie, 65: 250-260.

Hinman, M. B. & Lewis, R. V. 1992. Isolation of a clone encoding a second dragline

silk fibroin. Journal of Biological Chemistry, 267: 19320-19324.

10



Kohler, T. & Vollrath, F. 1995. Thread biomechanicsin the two orb-waving spiders
Araneus diadematus ( Araneae, Araneidae) and Uloborus wal ckenaerius
(Araneae, Uloboridae). Journal of Experimental Zoology, 271: 1- 17.

Leborgne, R. & Pasquet, A. 1987. Influence of aggregative behaviour on space
occupation in the spider Zygiella x-notata (Clerck). Behavioral Ecology and
Sociobiology, 20: 203-208.

Opell, B. D. 1989. Measuring the stickness of spider prey capture threads. Journal of
Arachnology, 17:112-113.

Pasquet, A. 1984. Predatory site selection and adaption of the trap of four species of
orb-weaving spiders. Biological Behaviour, 9: 3-19.

Pasquet, A., Ridwan, A. & Leborgne,R. 1994. Presence of potential prey affects
web-building in an orb-weaving spider Zygiella x-notata. Animal Behaviour, 47:
477-480.

Persons, M. H. & Uetz, G W. 1996. The influence of sensory information on patch
residence timein wolf spiders( Araneae: Lycosidae). Animal Behaviour, 51:
1285-1293.

Ramos-Elorduy, J., Moreno, J. M. P, Prado, E. E., Perez, M. A., Otero, J. L. &
Guevara, O. L. 1997. Nutritional value of edible insects from the state of Oaxaca,

Mexico. Journal of Food Composition and Analysis, 10; 142-157.

Rhisiart, A. & Vollrath, F,. 1994. Design features of a spider’s orb web. Behavioral
Ecology, 5: 280-287.

Sandoval, C. P. 1994. Plasticity in web design in the spider Parawixia bistriata: a
response to variable prey type. Functional Ecology, 8: 701-707.

Schneider, J. M. & Vollrath, F. 1998. The effect of prey type on the geometry of the
capture web of Araneus diadematus. Naturwissenschaften, 85: 391-394.

Tso, I. M., Wu, H. C. & Hwang, |. R. 2005. Giant wood spider Nephila pilipes aters

11



silk protein in response to prey variation. Journal of Experimental Biology, 208:
1053-1061.

Venner, S., Pasquet, A. & Leborgne, R. 2000. Web-building behaviour in the
orb-weaving spider Zygiella x-notata: influence of experience. Animal Behaviour,
59: 603-611.

Vollrath, F. 2000. Strength and structure of spider’s silks. Reviews in Molecular
Biotechnology, 74: 67-83.

Watanabe, T. 2000. Web tuning of an orb-web spider, Octonoba sybotides, regulates
prey-catching behaviour. Proceedings of Royal Society, Londan, 267: 565-569.

Winkler, S. & Kaplan, D. V. 2000. Molecular biology of spider silk. Reviewsin
Molecular Biotechnology, 74: 85-93.

Wirth, E. & Barth, F. G. 1992. Forcesin the spider orb web. Journal of Comparative
Physiology A, 171: 359-371.

Xu, M. & Lewise, R. V. 1990. Structure of a protein superfiber: spider dragline silk.
Proceedings of the National Academy of Sciences, 87: 7120-7124.

Zax, D. B., Armanios, D. E., Horak, S., Malowniak, C. & Yang, Z. 2004. Variation of
Mechanical properties with amino acid content in the silk of Nephila Clavipes.

Biomacromolecules, 5: 732-738.

12



ANCOVA

¢ ) (%) ()

(

)

7.19 +0.21 1263 +128  0.82 +0.15 1575 +191 67.7 £3.1

7.3 £0.32 1293 +104  0.85 0.17 1807 +192 61.3 +3.6

F 2.014 0.081 0.023 0.356 2.371
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