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Arthropods form the largest and most varied assemblage of organisms on earth.
They are important economically as agricultural pests, as vectors of disease and as
a source of food. The study of their endocrine systems reflects their economic
significance, most work having been carried out on insects, crustaceans and ticks.
Knowledge in these areas has increased greatly in the last decade, with the advent
of improved techniques for the isolation and study of the hormones themselves,
revealing fascinating relationships between the endocrine systems of the various
arthropod groups. This volume brings together contributions from many of the
leading workers in the field, providing in-depth accounts of the current state of
knowledge of a wide range of hormone systems. The book presents a unique
summary of some of the most significant and exciting advances of the last decade,
brought together in a single volume for the first time.

@© in this web service Cambridge University Press www.cambridge.org



www.cambridge.org/9780521591133
www.cambridge.org

CAMBRIDGE

Cambridge University Press

978-0-521-59113-3 — Recent Advances in Arthropod Endocrinology
Edited by Geoffrey M. Coast , Simon G. Webster

Frontmatter

More Information

SOCIETY FOR EXPERIMENTAL BIOLOGY
SEMINAR SERIES: 65

RECENT ADVANCES IN ARTHROPOD
ENDOCRINOLOGY

© in this web service Cambridge University Press www.cambridge.org



www.cambridge.org/9780521591133
www.cambridge.org

Cambridge University Press
978-0-521-59113-3 — Recent Advances in Arthropod Endocrinology

Edited by Geoffrey M. Coast , Simon G. Webster
Frontmatter
More Information

SOCIETY FOR EXPERIMENTAL BIOLOGY SEMINAR SERIES

A series of multi-author volumes developed from seminars held by the Society for
Experimental Biology. Each volume serves not only as an introductory review of a specific
topics, but also introduces the reader to experimental evidence to support the theories and

principles discussed, and points the way to new research.

6. Neurones without impulses: their signifi-
cance for vertebrate and invertebrate systems.
Edited by A. Robertsand B. M. H. Bush

8. Stomatal physiology. Edited by P.C.G. Jarvis
and T. A. Mansfield

16. Gills. Edited by D. F. Houlihan, J. C. Rankin
and T. J. Shuttleworth

31. Plant canopies: their growth, form and
function. Editef by G. Russell, B. Marshall and
PG Jarvis

33. Neurohormones in invertebrates. Edited by
M. Thorndyke and G. Goldsworthy

34. Acid toxicity and aquatic animals. Edited by
R. Morris, E. W. Taylor, D. J. A. Brown and J. A.
Brown

35. Division and segregation of organelles.
Edited by S. A. Boffey and D. Lloyd

36. Biomechanics in evolution. Edited by
J_M. V. Rayner and R. J. Wootton

37. Techniques in comparative respiratory
ghysiology: an experimental approach. Edited
y C. R. Bridges and P. J. Butler

38. Herbicides and plant metabolism. Edited by
A. D. Dodge

39. Plants under stress. Edited by H. C. Jones,
T. J. Flowers and M. B, Jones

40. In situ hybridisation: application to devel-
opmental biology and medicine. Edited by
N Harris and D. (3, Wilkinson

41. Physiological strategies for gas exchange
and metabolism. Fdited by A. J. Woakes, M. K.
Grieshaber and C. R. Bridges

42. Compartmentation of plant metabolism in
non-photosynthesis tissues. Edited by M. J.
Emes

43, Plant growth: interactions with nutrition
and environment. Edited by J R. Porter and
D. W. Lawlor

44. Feeding and texture of foods. Edited by J. F.
V. Vincent and P. J. Lillford

45. Endocytosis, exocytosis and vesicle traffic
in plants. Edited by G R Hawes, J O. D.
Coleman and D. E. Evans

46. Calcium, oxygen radicals and cellular

damage. Edited by C. J. Duncan

47. Fruit and seed production: aspects of devel-

opment, environmental physiology and ecology.
dited by C. Marshall and J. Grace

48. Perspectives in plant cell recognition.

Edited by J. A. Callow and J. R. Green .

49. Inducible plant proteins: their biochemistry

and molecular biology. Edited by J. L. Wray

50. Plant organelles: compartmentation of

metabolism in photosynthetic cells. Edited by A.

K. Tobin

51. Oxygen transport in biological systems:

modelling of pathways from environment to

cell. Edited by S. Eggington and H. F. Ross

52. New insights in vertebrate kidney function.

Edited by J. A. Brown, R. J. Balment and J. C.

Rankin

53. Post-transitional modifications in plants.

Edited by N. H. Battey, H. G Dickinson and

A. M. Hetherington

54, Biomechanics and cells. Edited by F. J. Lyall

and A. J. El Haj

55. Molecular and cellular aspects of plant

reproduction. Edited by R. Scott and A. D. Stead

56. Amino acids and their derivatives in plants.

Edited by R. M. Wallsgrove

57. Toxicology of aquatic pollution: physiolog-

ical, cellular and molecular approaches. Edited

by E. W. Taylor

58. Gene expression and adaptation in aquatic

organisms. Edited by S. Ennion and G. Goldspink

59. Animals and temperature: phenotype and

evolutionary adaptation. Edited by 1. A. John-

stonand A. F. Bennett

60. Molecular physiology of growth. Edited by

P.T. Loughnaand J M. Pell

61. Global warming: implications for fresh-

water and marine fish. Edited by C. M. Wood

and G. McDonald

62. Fish stress and health in aquaculture.

Edited by G K. Iwama, A. D. Pickering, J.

Sumpter and C. Schreck

63. Scaling-up. Edited by P van Gardingen,

P, Curran and G, Foody

64. Plants and UV-B: responses to environmen-

tal change. Edited by P. Lumsden

© in this web service Cambridge University Press

www.cambridge.org


www.cambridge.org/9780521591133
www.cambridge.org

Cambridge University Press

978-0-521-59113-3 — Recent Advances in Arthropod Endocrinology
Edited by Geoffrey M. Coast , Simon G. Webster

Frontmatter

More Information

RECENT ADVANCES IN
ARTHROPOD ENDOCRINOLOGY

Edited by

Geoffrey M. Coast

Department of Biology, Birkbeck College,
University of London, London, UK

Simon G. Webster

School of Biological Sciences, University of
Wales Bangor, Bangor, Gwynedd, UK

CAMBRIDGE

UNIVERSITY PRESS

@© in this web service Cambridge University Press www.cambridge.org



www.cambridge.org/9780521591133
www.cambridge.org

Cambridge University Press
978-0-521-59113-3 — Recent Advances in Arthropod Endocrinology

Edited by Geoffrey M. Coast , Simon G. Webster
Frontmatter
More Information

CAMBRIDGE

UNIVERSITY PRESS
University Printing House, Cambridge CB2 8BS, United Kingdom

Cambridge University Press is part of the University of Cambridge.

It furthers the University’s mission by disseminating knowledge in the pursuit of
education, learning and research at the highest international levels of excellence.

www.cambridge.org
Information on this title: www.cambridge.org/9780521591133

© Cambridge University Press 1998

This publication is in copyright. Subject to statutory exception
and to the provisions of relevant collective licensing agreements,
no reproduction of any part may take place without the written
permission of Cambridge University Press.

First published 1998
A catalogue record for this publication is available from the British Library

Library of Congress Cataloguing in Publication data

Recent advances in arthropod endocrinology / edited by Geoffrey M.
Coast, Simon G. Webster.
p. cm. - (Society for Experimental Biology seminar series: 65)
Includes bibliographical references (p. ) and index.
ISBN 0 52159113 9 (hb)
1. Arthropoda - Physiology, 2, Endocrinology, Comparative.
3. Peptide hormones. |. Coast, Geoffrey M. (Geoffrey Mason), 1941-
II. Webster, Simon G. (Simon George), 1956- . Il Series:
Seminar series (Society for Experimental Biology (Great Britain)) : 65
QL434.72.R435 1998
573.415-dc21  97-21516 CIP

ISBN 978-0-521-59113-3 Hardback

Cambridge University Press has no responsibility for the persistence or accuracy
of URLs for external or third-party internet websites referred to in this publication,
and does not guarantee that any content on such websites is, or will remain,
accurate or appropriate.

© in this web service Cambridge University Press www.cambridge.org



www.cambridge.org/9780521591133
www.cambridge.org

Cambridge University Press
978-0-521-59113-3 — Recent Advances in Arthropod Endocrinology

Edited by Geoffrey M. Coast , Simon G. Webster
Frontmatter
More Information

Contents
List of contributors page X
Preface XV
Table of three- and single-letter abbreviations for amino acids xvii
Part I: Moulting, metamorphosis and reproduction 1
Structures, functions and occurrences of insect allatostatic peptides 3

ROBERT J. WEAVER, JOHN P. EDWARDS,
WILLIAM G. BENDENA and STEPHEN S. TOBE

Neuropeptides inhibiting growth and reproduction in crustaceans 33
SIMON G. WEBSTER

Molecular, cytological and physiological aspects of the crustacean
hyperglycemic hormone family 53
FRANCOIS VAN HERP

Endocrine effectors in insect vitellogenesis 71
XAVIER BELLES

Endocrine regulation of development and reproduction in acarines 91
LEE O. LOMAS and HUW H. REES

@© in this web service Cambridge University Press www.cambridge.org



www.cambridge.org/9780521591133
www.cambridge.org

Cambridge University Press
978-0-521-59113-3 — Recent Advances in Arthropod Endocrinology

Edited by Geoffrey M. Coast , Simon G. Webster
Frontmatter
More Information

viii Contents

Ecdysteroid synthesis in the crustacean Y-organ: role of cyclic nucleotides
and Ca?* 125
DIETRICH SEDLMEIER

and ALEXANDRA SEINSCHE

Regulation of steroidogenesis: role of transaldolase in crab moulting
glands ) 138
FABIENNE LACHAISE and GHISLAINE SOMME

Part II: Control of intermediary metabolism, and ion and water
balance 147

New perspectives on the structures, assays and actions of locust

adipokinetic hormones 149
MICHAEL J. LEE

and GRAHAM J. GOLDSWORTHY

Signal transduction of adipokinetic hormone 172
WIL J. A. VAN MARREWIJK
and DICK J. VAN DER HORST

The regulation of primary urine production in insects 189
GEOFFREY M. COAST

Locust ion transport peptide (ITP): function, structure, cDNA

and expression 210
JOHN E. PHILLIPS, JOAN MEREDITH,

NIEL AUDSLEY, MARK RING,

ANDRIS MACINS, HUGH BROCK,

DAVID THEILMANN and DWIGHT LITTLEFORD

Part I1I: ‘Myotropic and myoininbibitory’ arthropod
neuropeptides: structures and functions? 227

@© in this web service Cambridge University Press www.cambridge.org



www.cambridge.org/9780521591133
www.cambridge.org

Cambridge University Press
978-0-521-59113-3 — Recent Advances in Arthropod Endocrinology

Edited by Geoffrey M. Coast , Simon G. Webster
Frontmatter
More Information

Contents X

The dipteran Leu-callatostatins: structural and functional diversity

in an insect neuroendocrine peptide family 229
HANNE DUVE, ALAN THORPE,

ANDERS H. JOHNSEN, JOSE-LUIS MAESTRO,

ALAN G. SCOTT and PETER D. EAST

An insect peptide family in search of functions: the tachykinin-related
peptides 248
DICK R. NASSEL, C. TOMAS LUNDQUIST,

J. ERIC MUREN and ASA M.E. WINTHER

The distribution, biological activity, and pharmacology of
SchistoFLRFamide and related peptides in insects 278
IAN ORCHARD and ANGELA B. LANGE

Conserved crustacean cardioactive peptide (CCAP) neuronal
networks and functions in arthropod evolution 302
HEINRICH DIRCKSEN

Control of the insect oviduct: the role of the neuropeptide CCAP
in the tobacco hornworm, Manduca sexta 334
ANNA K. MARSHALL and STUART E. REYNOLDS

Part IV: Peptidases, peptide and pseudopeptide mimetics: towards
new strategies of insect pest control? 355

Insect angiotensin-converting enzyme: comparative biochemistry

and evolution 357
R. ELWYN ISAAC, DAVID COATES,

TRACY A. WILLIAMS and LILIANE SCHOOFS

Mimetic analogues of the myotropic/diuretic insect kinin

neuropeptide family 379
RONALD J. NACHMAN, G. MARK HOLMAN

and GEOFFREY M. COAST

Index 392

@© in this web service Cambridge University Press www.cambridge.org



www.cambridge.org/9780521591133
www.cambridge.org

Cambridge University Press
978-0-521-59113-3 — Recent Advances in Arthropod Endocrinology

Edited by Geoffrey M. Coast , Simon G. Webster
Frontmatter
More Information

Contributors

AUDSLEY, N.

Central Science Laboratory, Ministry of Agriculture Fisheries and Food,
Sand Hutton, York Y04 1LZ, UK.

BELLES, X.

Centro de Investigacion y Desarollo (CSIC), Jordi Girona 18, 08034
Barcelona, Spain.

BENDENA, W. G.

Department of Biology, Queens University, Kingston, Ontario, Canada
K7L 3N6.

BROCK, H.

Department of Zoology, University of British Columbia, Vancouver, BC,
Canada V6T 174.

COAST, G. M.

Department of Biology, Birkbeck College, University of London, Malet
Street, London WCIE 7HX, UK.

COATES, D.

Department of Biology, University of Leeds, Leeds LS2 9JT, UK.
DIRCKSEN, H.

Universitat Bonn, Institut fiir Zoophysiologie, Endenicher Allee 11-13,
53115 Bonn, Germany.

DUVE, H.

School of Biological Sciences, Queen Mary and Westfield College,
University of London, Mile End Road, London E1 4NS, UK.

EAST, P. D.

Division of Entomology, CSIRO, Canberra ACT 2601, Australia.
EDWARDS, J. P.

Central Science Laboratory, Ministry of Agriculture Fisheries and Food,
Sand Hutton, York Y04 1LZ, UK.

GOLDSWORTHY, G. J.

Department of Biology, Birkbeck College, University of London, Malet
Street, London WCIE 7HX, UK.

@© in this web service Cambridge University Press www.cambridge.org



www.cambridge.org/9780521591133
www.cambridge.org

Cambridge University Press
978-0-521-59113-3 — Recent Advances in Arthropod Endocrinology

Edited by Geoffrey M. Coast , Simon G. Webster
Frontmatter
More Information

Contributors xi

HOLMAN, G. M.

Veterinary Entomology Research Unit, FAPRL, Agricultural Research
Service, 2811 F&B Road, College Station, TX 778945, USA.

ISAAC, R. E.

Department of Biology, University of Leeds, Leeds LS2 9JT, UK.
JOHNSEN, A. H.

Department of Clinical Biochemistry, University State Hospital,
Copenhagen DK-2100, Denmark.

LACHAISE, F.

Laboratiore d’Embryologie Moléculaire et Cellulaire, Université Paris XI,
91405 Orsay Cedex, France.

LANGE, A. B.

Department of Zoology, Unversity of Toronto, 25 Harbord Street,
Toronto, Ontario, Canada M5S 3GS.

LEE, M. .

Bio and Immuno Chemistry, Unilever Research Laboratorium
Vlaardingen, Olivier van Noortlaan 120, 3133 AT Vlaardingen, The
Netherlands.

LOMAS, L. O.

Department of Biochemistry, University of Liverpool, PO Box 147,
Liverpool L69 3BX, UK.

LITTLEFORD, D.¥

Department of Zoology, University of British Columbia, Vancouver, BC,
Canada V6T 1Z4.

LUNDQUIST, C. T.

Department of Zoology, Stockholm University, S-10691 Stockholm, Sweden.
MACINS, A.

Department of Zoology, University of British Columbia, Vancouver, BC,
Canada V6T 174.

MAESTRO, J.-L.

School of Biological Sciences, Queen Mary and Westfield College,
University of London, Mile End Road, London E1 4NS§, UK.
MARSHALL, A. K.

School of Biolgical Sciences, University of Bath, Claverton Down, Bath
BA2 7AY, UK.

MEREDITH, J.

Department of Zoology, University of British Columbia, Vancouver, BC,
Canada V6T 1Z4.

MUREN, J. E.

Department of Zoology, Stockholm University, S-10691 Stockholm, Sweden.

1 Deceased

@© in this web service Cambridge University Press www.cambridge.org



www.cambridge.org/9780521591133
www.cambridge.org

Cambridge University Press
978-0-521-59113-3 — Recent Advances in Arthropod Endocrinology

Edited by Geoffrey M. Coast , Simon G. Webster
Frontmatter
More Information

xil Contributors

NACHMAN, R. J.

Veterinary Entomology Research Unit, FAPRL, Agricultural Research
Service, 2881 F&B Road College Station, TX 77845, USA.

NASSEL, D. R.

Department of Zoology, Stockholm University, S-10691 Stockholm,
Sweden.

ORCHARD, I.

Department of Zoology, University of Toronto, 25 Harbord Street,
Toronto, Ontario, Canada

PHILLIPS, J. E.

Department of Zoology, University of British Columbia, Vancouver, BC,
Canada V6T 174.

REES, H. H.

Department of Biochemistry, University of Liverpool, PO Box 147,
Liverpool L69 3BX, UK.

REYNOLDS, S. E.

School of Biological Sciences, University of Bath, Claverton Down, Bath
BA2 7AY, UK.

RING, M.

Department of Zoology, University of British Columbia, Vancouver, BC,
Canada V6T 1Z4.

SCHOOFS, L.

Zoological Institute, Katholicke Universiteit Leuven, Naamsestraat 59,
3000, Leuven, Belgium.

SCOTT, A. G.

School of Biological Sciences, Queen Mary and Westfield College,
University of London, Mile End Road, London E1 4NS, UK.
SEDLMEIER, D.

Universitdt Bonn, Institut fiir Zoophysiologie, Endenicher Allee 11-13,
53115 Bonn, Germany.

SEINSCHE, A.

Universitdt Bonn, Institut fiir Zoophysiologie, Endenicher Allee 11-13,
53115 Bonn, Germany.

SOMME, G.

Laboratiore d’Embryologie Moléculaire et Cellulaire, Université Paris IX,
91405 Orsay Cedex, France.

THEILMANN, D.

Department of Zoology, University of British Columbia, Vancouver, BC,
Canada V6T 1Z4.

THORPE, A.

School of Biological Sciences, Queen Mary and Westfield College,
University of London, Mile End Road, London El 4NS, UK.

@© in this web service Cambridge University Press www.cambridge.org



www.cambridge.org/9780521591133
www.cambridge.org

Cambridge University Press
978-0-521-59113-3 — Recent Advances in Arthropod Endocrinology

Edited by Geoffrey M. Coast , Simon G. Webster
Frontmatter
More Information

Contributors xiil
TOBE, S. S.
Department of Zoology, University of Toronto, Toronto, Ontario, Canada
MS5S 3GS.

VAN DER HORST, D. J.

Department of Experimental Zoology, Utrecht University, Padualaan 8§,
3584 CH Utrecht, The Netherlands.

VAN HERP, F.

Department of Experimental Zoology, Faculty of Sciences, Catholic
University of Nijmegen, Toornooiveld, NL 6525 ED Nijmegen, The
Netherlands.

VAN MARREWIJK, W. J. A.

Department of Experimental Zoology, Faculty of Sciences, Catholic
University of Nijmegen, Toornooiveld, NL 6525 ED Nijmegen, The
Netherlands.

WEAVER, R. .

Central Science Laboratory, Ministry of Agriculture Fisheries and Food,
Sand Hutton, York YO4 1LZ, UK.

WEBSTER, S. G.

School of Biological Sciences, University of Wales Bangor, Bangor,
Gwynedd LL57 2UW, Wales, UK.

WILLIAMS, T. A.

INSERM Unit 36, College de France, 3 rue d’Ulm, 75005 Paris, France.
WINTHER, A. M. E.

Department of Zoology, Stockholm University, S-10691 Stockholm,
Sweden.

@© in this web service Cambridge University Press www.cambridge.org



www.cambridge.org/9780521591133
www.cambridge.org

Cambridge University Press
978-0-521-59113-3 — Recent Advances in Arthropod Endocrinology

Edited by Geoffrey M. Coast , Simon G. Webster
Frontmatter
More Information

Preface

In the past few years, there has been a dramatic increase in our knowledge
of the structure and function of arthropod neuropeptides. Just ten years
ago, very few insect and crustacean neuropeptides had been identified.
Rapid advances in techniques for peptide purification, sequence analysis
and mass determination have greatly facilitated the characterisation of
neuropeptides which are often present in small (picomole; 107!2 mol)
amounts. Today, more than 100 arthropod neuropeptides have been fully
characterised and that number is continually being added to. The availabil-
ity of these peptides, together with specific antisera and cDNA probes, has
expedited progress towards understanding their functions as hormones,
neurotransmitters or neuromodulators at molecular, cellular and organis-
mal levels. Although the diversity of the phylum might presage a similar
diversity in neuropeptide structure and function, some neuropeptides,
such as crustacean cardioactive peptide (CCAP), appear to be extraordi-
narily well conserved with regard to structure, function and neural
network architectures. Others appear to have very different functions in
divergent (or even similar) arthropod groups, although they maintain suf-
ficient structural similarity to permit comparisons to be made.
Additionally, many neuropeptides have multiple actions on a wide variety
of target tissues, and new functions are regularly being reported. Indeed, it
seems likely that the physiologically relevant role(s) of many neuropep-
tides may be quite different from those originally described. In a volume of
this size, it has not been possible to cover all aspects of this rapidly expand-
ing field, but invited contributors describe current work in selected areas of
arthropod endocrinology and highlight future directions such studies
might take. Endocrine mechanisms implicated in the control of intermedi-
ary metabolism, water balance, visceral and cardiac muscle activity,
moulting and metamorphosis are dealt with in the first sixteen chapters,
while the final two chapters are concerned with peptide processing and the
development of stable lipophilic peptidomimetics. In the long term it
seems likely that agonists or antagonists of arthropod neuropeptides will
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xvi Preface

be of commercial value as insecticides and possibly in manipulation of
growth and reproduction in crustacean aquaculture.

This volume arose from a two day symposium held as part of the 1996
annual meeting of the Society for Experimental Biology. We wish to
acknowledge the financial support provided by the Company of Biologists,
Cambridge University Press and the Society for Experimental Biology. We
would also like to thank everyone who attended this symposium and who
contributed to some very lively discussions.

Geoff Coast and Simon Webster
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Table of three- and single-letter
abbreviations for amino acids

Alanine
Arginine
Asparagine
Aspartic acid
Aspartic acid or

asparagine (undefined)

Cysteine
Cystine (half)

Glutamine
Glutamic acid
Glutamic acid or
glutamine (undefined)
Glycine
Histidine
Hydroxylysine
Hydroxyproline
Isoleucine
Leucine
Lysine
Methionine
Ornithine
Phenylalanine
Proline
Serine
Threonine
Tryptophan
Tyrosine
Unknown or ‘other’
Valine

Ala
Arg
Asn
Asp
Asx

Cys
I

Cys or Cys

Gln
Glu
Glx

Gly
His
Hyl
Hyp
Ile
Leu
Lys
Met
Orn
Phe
Pro
Ser
Thr
Trp
Tyr
Xaa
Val
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