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’ INTRODUCTION
The abstracts presented in this book are organised in two Sections:

Section [ contains abstracts of talks presented by invited speakers,.
These abstracts are arranged in the order in which the talks will be
presented. '

Section II contains alstracts re1afed to poster presentations.
Posters have been assigred to one of four sections:

A - NATURAL PRODUCTS AND NEURCPEPTIDES

B - PHYSIOLOGICAL ASPECTS OF RECEPTORS AND CHANNELS

C - BIOCHEMISTRY AND MOLECULAR BIOLOGY OF NEUROTRANSMISSION

D - CTUGS AND PESTICIDES: MOLECULAR BASIS OF SELECTIVITY, ACTION AND
RESISTANCE,

Within these sections abstracts are arranged alphabetically by first
author, Numbers Al etc. re”2r to poster locations at the poster
exhibition,

There are a number of blank pages included for your personal use.

Abstracts presenfed in this book include all submissions which reached
the edftor at 1.t March 1988.

Finally the organisers would like to thank. authors for the careful

presentation and prompt submission of their abstracts. We hope you
will find this book useful. ™~ .

SECTION I - CONTENTS
A.M. Monday - 1lth April

Page
. PLENARY LECTURE

1 Leslie Crombie, The natural Pyrethrins: A chemist's view,

NATURAL PRODUCTS - PART I

2-3 Bernard Hue and Tom Piek. Effects of kinirs and related
reptides on synaptic transmission in the insect CNS.

4-5 E11ahu Zlotkin, Lene Fishman and Dalia Gordon. On the site of
action of the insect selective neurotoxin-AalT. .

241 Miche! Lazdunski Molecular biology and pharmacology of fonic
channels.
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insect neuromuscular junction,

Michael Adams Spider Toxins affecting multiple targets at the

Tom Piek, Henk Karst, Cor Kurk, Albert Lind, JaT van Marle,

Terumi Naka31m1, Nico N1bber1ng, Haruhiko Shking

zaki, Willem

Spanjer and Yulan Tong. Polyamine-like toxins - A new class of

pesticides?
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12-13
14

18
16-17
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20-21

22

23

24

PLENARY LECTURE

Terumi Nakajima, Tadashi Yasuhara and Nobofumi Kawai. Animal

toxins of low molecular mass.

NATURAL PRODUCTS - PART II

Michael 0'Shea, Siegfried Hekimi 'and Marie-Francpise Schulz.

insect peptide hormone biosynthesis.

lan Duce, Spider venoms as probes for insect neuro

fransmission.

Hunter Jackson and Thomas Parks. Effects of spidér venoms on

the vertebrate nervouc system.

E. K. Michaelis. Purification  of an {nhibit
synaptic membrane glutamate binding sites frum the
spider Arangus gemma.

gr of brain
venom of the

KHaruhiko Shinozaki. Novel éxcitatory amino acid related

compounds pf natural origin,

Haruhisa Shfrahama. ~cromelic acid A and 8,
excitatory amino acids from a poisonous rushroom,

Tuesday - 12th April

PLENARY LECTURE
John Casida, Russell Nicholson and Christcpher Pal

very potent

mer.

Trioxabicyclooctanes as probes for the convuisant|site of the

GABA-gated chloride channel.
GABA RECEPTORS

P. Krogsgaard-Larsen, L. Nfelsen, J.S. Jensen,
Brehm an% F.5. Jorgensen., Molecular pharmacol

synaptic mechanisms,

g. Faich, L.
pgv of GABA

Y. Aracava, R. Rosental, K.L. Swanson, H. Rapoport and E.X.

erquerque. Structure-activity relationships of

(+) anatoxin

-a derivatives and enantiomers of nicotine on the peripheral

and central nicotinic acetylcholine receptor subty

pes.

George Lunt. The biochemical characterisation of insect GABA

receptors.

Jack Benson. Transmitter receptors on insect ney
GABA-ergic and cholinergic pharmacolagy.
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28

29-30
31-32

33-34
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35-36

37-38
39-40
41

42-43

44

Mohyee Eldefrawi and Amira Eldefrawi. Action of toxicants on
GABA and glutamate receptors.

Tuesday - 12th Apri!

PLENARY LECTURE

R.H. Michell, Receptor mediated signalling using second
messengers.

SECOND MESSENGERS

Peter Evans, Second messenger systems in insects: an
introduction. .

Fumio Matsumura. cffects of pyrethroids on neural protein
kinases and phosphatases.

Michael Dﬁogan and George Lunt. Coupling of muscarinic recep-
tors to second messenger systems in locust ganglia.

James Nathanson., Octopamine receptors: Biochemistry and mode of
action.

Roger Downer. Octopamine and dopamine-sensitive receptors and
cycTic AMP production in insects.

Wednesday - 13th April

PLENARY LECTURE

Toshio Narahashi. Molecular and cellular approaches to
neurotoxicology: past, present and future,

.

MOLECULAR NEUROBIOLOGY -

0liver Dolly. Functioral components in the nervous svstem
revealed by inhibitory and facilitatory toxins,

Heinz Breer. Receptors for acetylcholine in the nervous system
of insects.

C.F. Wu. Genetic and pharmacological analyses of potassium
channels in Drosophila. :

Y, Pichon. Acetylcholine, GABA and glutamate receptor channels
in cultured insect neurones.

Paul Salvaterra. Molecular Biolegy of Drosophila choline
acetyltransferase,
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51-52
52-53
P.M,

54

55-56

57-58

59-60
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AN,

§3-64

Thursday - 14th April

PLENARY LECTURE

Edson X. Alberquerque. The role of carbamates and oximes in
reversing toxicity of oryanophosphorus compounds. A perspec-
tive into mechanisms.

RECEPTORS AND ION CHANNELS

Daisuke Yamamoto. Patch-clamp analysis of single chloride
channels 1n primary neuronal cultures of Drosophila.

Cathryn J. Kerry and Peter N,R. Usherwood. Single channel
studies of the interactions of Agriotoxm636 with locust muscle
glutamate receptors.

Alistair Mathie. Patch-ciamp reéordings of transmitter-
activated ion channels in mammalian sympathetic neurones.

J. Dudel. Glutamate activated membrane channels in crustaceans.
Mark Sansom. Ion channels in artificial lipid bilayers.
Thursday - 14th April

PLENARY LECTURE

P.M. Dean. Molecular recognition, structural dissimilarity and
future developments in quantitative structure activity
relationships - (QSAR). .

STRUCTURE-ACTIVITY RELATIONSHIPS

Jeffrey Watkins, Structure-activity studies on mammalian
giutamate. receptors.

David Salt and Martyn Ford. . The use of multivariate analysis
n toxicological studies. '

David Livingstone, Martyn Ford and David Buckley.” A multi-
variate QSAR study of pyrethroid neurotoxicity based upon
molecuiar »arameters derived by computational chemistry.

1F1eming Jorgensen, Jette Byberg, Povl Krogsgaord-Larsan and

James Snyder. Qualitative and quantitative modelling of drugs
and pesticides. .

Frfday‘- 15th April

PLENARY LECTURE
R.M. Hoilingworth

SELECTIVITY /ND RESISTANCE

Martyn Ford. The d;hamic basis of selective toxicity.
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65-66 “live Brearley. Pharmacokinetics of insecticides in insects.

67
68-69

70-71

72-73

74-75

76

77-78
79-80
81-82
83-84

85-86

87-88

Jeffrey Bloomauist. Neuroghysiological assays far the

characterisation and monitoring of pyrethroid resistance.

David Soderlund. Neuropharmacology and molecular genetics of

nerve insensitivity resistance to pyrethroids,

David Sattelle, C.A. Leech, S.C.R. Lummis, B.J. Harrison, J:A.

David, G.0. Moores, A.W. Farnham and A.L. Cevonshire. Ilon
channels of insects susceptible and resistant to insecticides.

SECTION II - ABSTRACTS OF CONTRIBUTED PAPERS

A - NATURAL PRODUCTS AND NEUROPEPTIDES

Al - S.E. BANNER, L. SEALE, R.H. OSBORNE and K.J. CATTELL.
Effects ~’ proctolin on the fore and hind gut of the locust
Sehistocerca gregaria.

A2 - Brian A. CUTHBERT and Peter D. EVANS. The actions of
FMRFamide-1ife peptides on locust heart.

A3 - Yvon DOLJANSKY, VYves MITTAINE and Anne-Marie de
SAINT-MICHEL. Production of snake and scorpion venoms
containing neurotoxins. :

A4 - A]ain'DUVAL, Marcel PELHATE and Marie-France MARTIN.
Effects of scorpion toxin 2 from androctonus australis
hector on electrical activity in frog and rat skeletal
muscles.

-

A5 - Marina B. FRUSIC, Jelisaveta P. IVANOVIC, Miroslava I.
HANKOVIC-HLADNI and Vlasta 0. STANIC. The effect of
azadirachtin on the larvae of the cerambycid Morimus
funereus.

A6 - Fabian GUSQOVSKY, Daniel ROSSIGNOL, Elizabeth T. McNEAL
and John W. DALY. Pumiliotoxin B binds to a novel site on
the voltage-dependent sodium channel that is allosterically
coupled to other binding sites for peptide toxins.

A7 - Bernard HUE and Tom PIEK. Effects of THR6
on synaptic transmission in the insect CHS.

bradykinin

A8 - Mamhoud H., IDRISS. The .:..noracic gland activities
during the last larval instar of lepidopterous insects.

A3 - Henk KARST, Albert LIND, Jan van MARLE, Tom PIEK and
Janneke van WEEREN-KRAMER. Block of transmission and
glutamate reuptake inhibition in insect muscle by synthetic
delta-philanthotoxin,
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103
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Al0 - Henk KARST, Albert LIND, Jan van MARLE, Terumi
NAKAJIMA, Tom PIEK and Janneke van WEEREN-KRAMER. Effects
of spider toxins on glutamate transmission and uptake.

All - B.G. LOUGHTON. The mode of action of locust
hypolipaemic hormone.

Al2 - Prem N. MISHRA. Studies on ovicidal properties of
some natural products on the eggs of Hencsepilachra
vigintioetopunciata.

Al3 - MORDUE (LUNTZ), A.J. and PLANE, F. Muscular effects
of azadirachtin, o

Al4 - Terumi NAKAJIMA, Tom PIEK, Tadashi YASUHARA and Piet
MANTEL. Kinins isolated from the vencm of the solitary wasp
Megascolia flavifrons.

Al5 - Russell A. NICHOLSON, Philip S. ROBINSON, Christopher
J. PALMER and John E. CASIDA. Ivermectin-stimulated release
of neurotoransmitter in the insect central nervous system:
Modulation by external chloride and inhibition by a novel
trioxabicyciooctane and two polychlorocycloalkane insecti-
cides.

Al6 - Keiichiro NISHIMURA, Takamitsu KOBAYASHI and Toshio
FUJITA. Physicochemical properties of pyrethroids and

~sodium currents in crayfish giant axon.

Al7 - David R. PEPPER and lan R. DUCE. A comparison of the
effects of venoms from four spider families on neuromuscular
synapses of insects. '

Al18 - Tom PIEK, Bernard HUE, Albert LIND, Piet MANTEL, Jan
van MARLE and Hans H, VISSEP. Ampulex compressa changes the
behaviour of the cockroach. -

Al9 - Tom PIEK, Bernard HUE, Piet MANTEL, Terumi NAKAJIMA,
Marcal PELHATE and Tadashi YASIUHARA. Effects of the venom
of Copa interrupta on vertebrate smooth muscle and synaptic

" transmission in insect CNS.

A20 - Stuart E. REYNOLDS, Richard I. SAMUELS and A. Keith
CHARNLEY, Destruxins, fungal toxins that activate calcium
channels in-insect muscle.

A2l - Sandri ROB8 and Peter D. EVANS. Distribution of
FMRFamide-11ife peptides in the locust nervous system.

£22 - James M. SCHAEFFER, Herbert W. HAINES and Mervyn J.
TURNER. Avermectin binding 1in Caenorhabditis elegans: A
two-stated model for the avermectin binding site.

A23 - James .M, SCHAEFFER, Thomas L. SHIH, Mervyn J. TURNER
and Helmut MROZIK. Agriopine differentiates between
vertebrate and invertebrate glutamate binding sites.
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129-130
131-132

133-134

135-136

A24 - Nico C.M. SCHULTER, Albert LIND, Jan van MARLE and
Janneke van WEEREM-KRAMER, Inhibition of transmission and
reduction of glutamate uptake 1in rat hippocampus by
delta-philanthotoxin,

A25 - Michael J. SEAGAR, Beatrice MARQUEZE and Francois
COURAUD. Molecular properties of the apamin binding protein
associated with a calcium activated potassium channel.

A26 - R.A. SHIELLS and G. FALK. Reversal of botulinuum
toxin synaptic blockade by nicotinamide at the rat
neuromuscular junction.

' A27 - David P. THOMPSON, Lamar LEE and Jerry W. BOWMAN.

Effects of ivermectin and related compounds on stretcher

‘muscle of the lined shore crab (Pachygrapsus crassipes):

Electrophysiolegical responses and  correlations with
anthelmintic activities.

A28 - Yulan C. TONG. Synthesis of é-philanthotaxin.

A29 -~ Frank ZUFALL, Christian FRANKE and Hanns HATT,
Avermectin B1A directly opens the multi-transmitter gated

chloride channel in crayfish muscle.

B - PHYSIOLOGICAL ASPECTS OF RECEPTORS AND ION CHANNELS

830 - Susan E. BATES, Robert L. hAMSEY and Peter N.R.
USHERWCOC. Giga-ohm record1ngs of glutamate gated channels
from adult locust muscle.

B31 - Isabel BERMUDEZ and David. J. BEADLE. 3KH-5-hydroxy-
tryptamine uptake by neurones from embryon1c cockroach bra1n
growing in primary cultures. -

B32 - Jeffery R. BLOCMQUIST and David M. SODERLUND. The
DOT-pyrethroid recognition site of the voltage-sensitive
sodium channel: interacticns with a]kalo1d activators and
sea anemone toxin.

B33 - Julian P.L. DAVIS and Robert M. PITMAN. The effects
of dopaminergic agents on an identified cockroach inhibitory
motoneurone,

B34 - Peter D. EVANS, C. Mohan THONOOR and John M. MIDGLEY.
QOctopamine receptor subtypes in Tlocust skeletal muscle:
Actions of octopamine and synephrine stereoisomers,

B35 - Christopher H HENDY and Mustafa B.A. DJAMGOZ.
Deltamerthrin raises potassium ion activity in the
micro-environment of the central nervous system of an
insect, Periplaneta americana.

836 - Lindy HOLDEN-DYE, Graham M. HEWITT, Kenneth T. WANN,
Povl KROGSGAARB-LARSEN and Robert J. WALKER. Studies
involving avermectin and the gaba receptor of Adscaris
muscle. ‘ »
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837 - Leszek JANISZEWSKI and Barbara GRAJPEL. The inflyence
of oxygen supply on insect muscle resting potential,

B38 - Tibor KISS. Pyrethroid modified sodium channels in
snail neurones.

B39 - R.J. MARTIN and A.J. PENNINGTON. Effect of
dihydroavermectin BIA on C1 single-channel currents in
Ascarig muscle. '

B40 - lan R. Mellor and Mark S.P. SANSOM. Ion channels
formed by a short chain a-helical peptide - mastoparan,

B4l - Barbara A. MILLER and Peter N.R. USHERNOOD Potassium
channels in cultured Tocust muscle.

B42 - Hans C. NEIJT and Henk P.M. VIJVERBERG. Serotonin
{5-HT ) receptor-operated tonic channels - in  mouse

neuroblastoma cells,

B43 '- Wendy D. NIGHTINGALE and Pobert M. PITMAN., lonic
currents in an iqentified insect motoneurone.

B44 - Marga OORTGIESEN, Regina G.D.M. van KLEEF, Rajesh B,
BAJNATH and Henk P.M. VIJVERBERG.  Differential effects of
inorganic lead on ion channels in the neuroblastoma cell
membrane,

B45 - Gregory T. PAYNE and David M. SODERLUND. Allosteric
interactions with the [2H]BTX-B binding site of the
voltage-sensitive sodium channel.,

B46 - Roderick H. SCOTT and Annette C. DOLPHIN.

Neurotransmitter, neuromodulator and Ca2+ channel 1ligand
actions of cultured rat DRG neurones are regulated by a
pertussis toxin sensitive G-protein.

B47 - Guy R. SEABROOK, Ianm R. DUCE and Stephen N. IRVING.
Block of neuromuscular transmission in housefly larvae by
cypermethrin:  Electrophysiologucal and ultrastructural
correlates.

B48 - Guy R. SEABROOK, lan R. DUCZ and Stephen N. IRVING.
Effects of the pyrethroid cypermethrin on L-glutamate
induced changes .in the input conductance of the larval
housefly Musca demestica ventrolateral muscles.

B49 - Keigh A. WAFFORD, Sarah C.R. LUMMIS and David B.
SATTELLE. Block of an insect CNS GABA receptor by
cyclodiene and cyclohexane insecticides.

B50 - Peter S. WHITTON, Russell A. NICHOLSON and Robin H.C.

STRANG. Effect of taurine on 29¢a?* uptake and acetyl-

choline release in locust synaptosomes.

851 - William WINLOW. The pond snail brain: A model system
for cellular studies on general anesthetics.
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652 - Bryony C. BONNING. Purification and characterization
oq mosquito acetylcholinesterase.

CE3 - Anna BORSODI, Sandor RENYHE, Eva VARGA, Jozsef SIMON
and Maria WOLLEMANN.  Affinity labelling of opioid
rjceptors.

C54 - M.C.S. BROWN, G.G. LUNT and A. STAPLETON. Investiga-
tion of chloride flux in membrane vesicles prepared from the
suFraoesophageal ganglia of locust Schigtocerca gregaria.

CSS - Timothy C. BUDD and lan R. DUCE, [mmunocytochemical
localizatfon of L-giutamate in motor imnervation of locust
(Sbhzatocerca gregaria) skeletal myscle,

»56 - Ash K. OWIVEDY. Binding of raxitoxin to voltage
dependent sodium chanrel of insect nerve menbrane
p-¢paration,

C51 - Scott P. FRASER, Mustafa B.A. DJAMGOZ, Peter N.R.
USHERWOOD, George USCH, Jeanette O'BRIEN, Mark G. DARLISON
and Eric A. BARNARD. Expression of glutamate, quisqualate
and gaba receptors in Xemcpue laevis oocytes by injection of
mRNA from locust leg muscle.

C58 - Daniel B. GANT, Mohyee E. ELDECRAWI and Amfra T,
ELOEFRAWI. Inhibition of glutamate receptor binding by
drugs and toxicant,.

CSQ - Andrew N. GIFFORD, Russell A, NfCHOLSON and Paul E.
BURT. Dopamine release by cockrcach synaptoscmes.
| .

csdﬁ - Laszlo HIRIPI. Role of the catecholaminergic and
serotonergic system in the requlation of the development of
Locusta migratoria.

CSﬂ - R. Elwyn ISAAC. The metabolosim of neuropeptides by
membrane peptidases from the locust, Sehistocerca gregaria.

€62, - KADYROV, G.X. Tnterchange y-aminobutyric acid (gaba)
and! e1ectr1ca1 activity of the hrain after injection of the
pes;ic1des (Mugan-1 and others}).

€63/ - M. XNIPPER, J. KRIEGER and H. BREER. Modulation of
acetylcholine release and high affinuty choline transport in
1nsect synaptsomes,

C64 - Haria E. ae LIMA, Francois COURAUD, Bruno LAPIED,
Carols R. DINIZ and Herve ROCQAT. Determination of the
molecular weight of an insect Na channel component by using
scorpion toxins.

(65 - Sarah C.R. LUMMIS and David B. SATTELLE.

Pharmacological properties and molecular size of insect
sodium channels’
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Cf6 - David R. E MacALLAN, John MARSHALL, George G, LUNT and
Eric A. BARNARD. An antiserum to a peptide sequence derived
from a cioned locust cONA crossreacts with the native locust
nicotinic acetylcholine receptor.

C67 « J. MARSHALL, D.8. SATTELLE, J.A, DAVID, M.G. DARL!SOM,
G.G. LUNT and E. A BARNARD. Cloning and expressjon of the
nicotinic acetylcholine receptor from the Tocust
Schigtocerea gregaria.

68 - Nabil A. MANSOUR, Shebl M, SHERBY, Ahmed M. EL-NABAWAY

-and Mamhoud M., [DRISS, Inte*ac:ion of gossypol with

glutamate. acetylcholine and adrenergic receptors.

c69 - RusselI A, HICHOLSON, Christooher J. PALMER and John
€. CASIDA, d.s-[H]butyl-l-(4-cynaophenyl )2 6,7

trioxabicyclo(? 2.2.]Joctane: specific binding in  the
American cockroach central nervous system, '

€70 - Jennifer ‘M. POCOCK, Melen M. MURFMIE and David. G,
NICHOLLS. Presynaptic actions of kaini¢c acid at the
fsolated mammalfan glutamatergic seurone,

€71 - Leo P. SCHOUEST Jr., Thomas A. MILLER and Richard W.
OLSEN. Quantitative three-dimensional morpholcgical
analysis of locust CNS gaba receptors,

€72 - Marfa-Tsabel SEPULVEDA and David B, SATTELLE. An
L-glutamate binding site 1n the central nervous system of
Periplaneta wmericana. .

€73 "= Josef SIERFERT, The convulsant recognition site of
the gaoa receptor  complex in teratogenicity of
polychlorecycloalkane fnsecticides in chicken emdryo,

C78 - George USOM, lan R. OUCE and Peter M.R. .USHEWOOD.

_ L-glutamate binding to membranes from the CNS of locuse

(achza'oecrca gregaria).

C75 - Georqe USOH, lan R, DUCE and Peter M R, USHERWOCD,
Phencyclidine binging to membranes from the (NS of locuse
(Schistocarsa gregaria).

C76 - Berrard VERDON, Stuart E. REYNOLDS an4 Georqe n. LUNT,

" Characterisation of specific birding sites for ('4) <

saxitoxin fn the caterpilliar (NS,

DRUGS & PESTIC!DES HOLECULAR BASIS OF SELECT!VITY ACTION
AND RESISTANCE ‘

077 - Jette R. BYBERG and F!emninq S. JURGENSEX, Per D,
KLEMMENSEN, A molecular modelling approach to the
understanding of pyrethroid activity.

D78 - Raymond CRICNTON Richard GREENWCCD, Martyn G. FORD
and David W. SALS, Tbe use of microcomputer hased data
logging and analysis systems in aeurotoxtco!oqica! studies
of pesticide action,
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THE NATURAL PYRSTHRINS : A CHEMIST'S VIEW

Leslie Crombie
Department of Chemistry, The University of Nottingham,.
Nottingham, NG7 2RD.

The development of the structure, stereochemistry and
synthesis of the group of natural insecticides from the achenes of
the flower heads of Chrysanthemum cinerariaefolium (pyrethrum), |
collectively known as the pyrethrins, will be discussed. The

Pyrechrin I R = CH=CH, R'=Me

. 1z R = CH=CH, R'=CO,Me
Cinerin I R = Me R'=sMe

- II R = Me . R'=CO,Me
Jasmolin ¢ R= Cﬂzuo R'=sMe

. 11 R= CHZMQ n'-cozuc

six esters are shown above and have becoma the natural models from
which todays' commercial pyrethroid insecticides [e.g. allethrin,
(S)~bicallethrin, resmethrin, bioresmethrin, permethrin,
cypermechrin, deltamethrin, fenvalerate etc.] have developed,
though the natural pyrethrins themselves continue to have a place .
in the market.

The biosynthetic origins of the pyrethrins is still poorly
documented although structures similar to chrysanthemic acid are
found in the important compounds presqualene and prephytoene.
Rethrolone esters of linoleic and paimitic acids occur in
pyrethrum extract and the origin of the rethrolones may well lie
in the 12-oxophytodicnoic acid (allene epoxide) pathway now
emerging in higher plants. .




EFFECTS OF KININS AND RELATED PEPTIDES ON SYNAPTIC TRANSMISSION IN
THE INSECT CNS.

Berrard Hue* and Tom Piek*

¢ Department of Neurophysiology, UA CNRS n°® 611, The University of Angers,
49045 Angerc Cedex, France.

* Department of Pharmnacology, University of Amsterdam, Meibergdreef |5, 1105
Al Amsterdam, The Netherlands.

In three taxonomically related groups of Hymenoptera, i.e., the social wasps, the
scoliid wasps and the ants, a characteristic type of polypeptide toxins have been

1,3 _ . ‘
'” the action of which on vertebrate smooth muscle, as well as the

tound,"’
chemical structure are closely related to that of bradykinin. The bradykinin-like
peptides have been called kinins by Jacques and Schachter'. Because scoliid wasps

. L . .8
use their venom to paralyse beetle larvae by stinging them in the nerve ganglia ,

we have studied the effects of the venom of the wasp Megascolia flavifrons and its

fractions is comparison with those of bradykinin and The bradykinin on cholinergic
synaptic transmission between cercal afferent fibres and giant interneurons in the

sixth abdominal ganglion of the cockroach Periplaneta americana.

Electrophysiological recordings were obtained, using the single-fibre oil-gap
method‘. A mannitol-gap method was also adapted to the presynaptic cercal
atferents, thus allowing the presynaptic polarization to be appreciated together
with the postsynaptic one. The venom and toxins were applied by superfusion or by
pertusion, using pressure application through a micropipette inserted within the
neuropile of the desheathed sixth abdominal ganglion. The effects were
appreciated as modifications of synaptic efficiency, i.e, : EPSP amplitude,
" ionophoretically-induced carbamylicholine potentials, pre- and postsynaptic resting

potential, membrane conductance and excitability.



The venom and the Thr‘bradykinin containing fraction, as well as bradykinin (10-%
M) cause a very progréssive block of synaptic transmission without any change in
postsynaptic membrane conductance and axonal excitability.

This blocking action was localized at the presynaptic level as it was suggested by
the following experimental data. .

During perfusion with Thr‘bradykinin (5 X 10-3 M) the EPSP amplitude decreased
gradually. However, the carbamylcholine-induced potential was not affected.
Moreover, t! stimulﬁs-dependent decrease in EPSP-amplitude during a pulse train
of low frequency strongly suggests a depletion of readily releasable transmitter
during low frequency release. The fact, that the readily releasable store is partly
replenished between puls‘e' trains, indicatels that kinins may affect the transport
system rather than the storage of transmit;er. It may be evident, from this study,
that kinins or kinin-like peptides play an important role in .the long term paralysis

caused by stings of the wasp into the insect CNS.
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ON THE SITE OF ACTION OF THE INSECT SELECTIVE NEUROTOXIN - AalT.

'Eliahu Zlotkin!, Lena Fishman! and Dalia Gordon?.

1Life Sciences. Zoology., The Hebrew University, Jerusalem 91904,
Israel, 2Department of Pharmacology, $J-30, University of
Washington, Seattle, WA 98195, USA.

The AalIT is a neurstoxic polypeptide (Mr 8 kD) derived from

. scorpion venom which selectively affects insects by the
induction of a fast excitatory paralysis!. The present study
deals with (a) the penetrability of the AalT and (b) tne essence
of its receptor.

(a) The first aspect is dedicated to the question how does a
relatively polar and large molecule such as the AalT reach the
well protected membranes of the insect nervous tissue? This
aspect was treated by LM autoradiography and binding assays
resulting in the following information: (1) Dissected insect’
nerves (with affected enveloping tissuas) have revealed a
specific binding of a high affinity of the [1351]AalT at the
various regions and ocuthranchings of the central as well as
peripheral nervous system of insects. (2) Injection of .
(1251]AaIT into the insect body cavity (thus mimicking a natural
scorpion sting), in a dose inducing motor disturbances of the
animal, has revealed that the CNS and the vast majority of the
peripheral branches are impermeable to the toxin. The toxin,
however, was shown to bind to the terminal branches of motor
nerves at their close proximity to the skeletal muscles. (3) The
above data coupled with binding studies suggest that the
sensitivity of the insect to the AalIT is not devendent only on
its apparent binding affinity (Kp) to the isolated neuronal
membranes but rather on the accessibility of the nervous tissues
to the toxin.

(b) The second aspect is dedicated to the clarification of the
pharmacological identity of the AalT receptor. The following
series of evidence suggests that the AalIT interacts with the
insect neuronal sodium channel: (1) AalT possesses binding
constants and pharmacologic characteristics typlcal to the (8-
scorpion toxins affecting vertebrates which are well known
markers of Na* channels2. (2) A B-scorpion toxin was recently
shown to possess identical binding sites to those of AalT in an
insect synaptosomal preparation?. (3) The AalT has revealed an
identical binding capacity to that of saxitoxint. (4) Voltage
clamp studies with an isclated nerve fibre of an insect have



w

clearly indicated that AeIT has exclusively affected sodium
conductance’. With this background the sodium channel c¢f a
locust CNS has recently® been identified and characterized
through the employment of antibodies against a peptide (SPIS)
corresponding to a highly conserved predicted intracellular
region of a sodium channel a-subunit. The channel protein was
visualized on an SDS-PAGE through its phosphorylation [32P] of
the Sepharose protein A precipitate of the channel-antibody -
complex. It has been shown that the a-subunit of the locust
channel (1) has a molecular weight of about 280 kD; (2) serves
as a substrate of phosphorylation by cAMP-dependent protein
kinase: (3) is devoid of a disulphide linkage to 8 subunits and
(4) is deveoid of sialic acid. These data supply the theoretical
and methodological basis for.a furthker study of the interaction
of AalT with the insect sodium channel. ‘
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Spider Venom Tcxins Affecting Multiple Targets at the
Insect Neuromuscular Junction

Michael E. Adams

Dmsxon of Toxicology and Physiology, Department of Entomology,
University of California, Riverside, CA 92521

Araneid (Argiope, Araneus) and Agelenid (Agelenopsis) spider venoms
show clear differences in biochemistry and physiological actiovns. These
differences relate to functionally distinct classes of venom toxins affecting
neuromuscular transmission. Non-lethal, flaccid paralysis caused by
Araneid venoms disappears within hours and is attributed to reversible
postsynaptic toxins. Agelenopsis venom induces irreversible paralysis
associated with an initial period of excitation. Here, postsynaptic toxins
resembling those of the Araneids act in concert with excitatory and
inhibitory presynaptic toxins exerting long lasting disruption of transmitter
release. Presynaptic toxins in Agelenopsis venom, while intrinsically
active alone act to synergize the paralytxc activity of the postsynaptic toxins.

All three venoms contain low molecular weight (400-800 dalton )
postsynaptic toxing which block glutamate-sensitive receptor channels in
muscle. Inhibition of neurally-evoked EPSP's and iontophoretic glutamat?
potentials is stimulus-dependent and follows two distinct time courses, a
fast block and a slow black. The toxins show a common structural motif
consisting of a basic, positively charged region coupled to a relatively
hydrophobic aryl moiety. Argiope toxins ("argiotoxins") and Araneus
toxins ("aranetoxins") incorporate arginine (free amino) and asparagine
with unconventional polyamines to form the basic part of the molecule.
Agelenopsis toxins («-agatoxins) lack amino acids, but have extended
polyamines. Aryl components in all cases are contributed by indolic or
phenylacetic acids. Variativa of polyamine conﬁguratlon in native
argiotoxins toxins correlates with potency differences in both paralysis and
neuromuscular assays. Hydroxylation of the aryl moiety may influence the
reversibility of synaptic hlock.

Agelenopsis venom contrasts with Araneid venoms in having two
additional classes of toxins affecting transmitter release. We have isolated
six excitatory peptides (u-Agatoxins [ VI) which cause repetitive firing in
nerve terminals reminiscent of scorpion toxins. These are 36-37 amino
acids long, including eight cysteine residues, and hence are presumed to
contain fecur disulfide bridges. The u-Agatoxins synergize postsynaptic
block caused by the a-agatoxins, apparantly by causing massive release of
natural transmitter from nerve terminals. Additional toxins in
Agelenopsis venom cause irreversible block of EPSP's without affecting
iontophoretic glutamate potentials.



. POLYAMINE LIXE TOXINS - A NEW CLASS OF PESTICIDES?

} 1 . 3 ‘ 1 3
Tom Piek , Henk Karst , Cor Kruk , Albert Lind , Jan van Marle ,
Terumi \e.kajma , Nico M. M, Nibbermg . Haruhmo Shmozaki
Willem Spanjer and Yulan C. Tong . .

'

Departazents of F’harmacc»logyl . Electronmicroscopy’. Meibergdreef
15, 1105 AZ Amsterdam, Organic¢ Chemistry’ . Nieuwe Achtergrécht
129, 1018 WS Amst:erdsm. The Netherlands, Faculty of
Pharmaceuncal Sc:.ences » and the Tokyo Metropolitan Inst. of

Med. Sc , Bunkyo-ku, Tokyo - 113 Japan, and Dow Chemical Res.C.
walnut Creek, California U.S. A

Vences of some species of spideés and wasps contain a number dt‘
toxins, which block glutnatergic transwission -t . The toxic
principles are peptid-polyamine structures in both spider venom‘ -
and wasp venca {this paper). We have compared the effects, on
insect neuromuscular transmission, of the synthetic toxins NSTX-3
(from the spider Nephila maculata) and JSTX-3 (from N.clavata), &~
PTX (from the wasp Philanthus triangulum) with the synthetic poly-
amines MLV- 5860 and MLV-6976, which also affect the glutamaterg:.c

transmss:.on .

All toxins block glutamate potentials evoked by iontophore-
tically applied glutamate pulses. They are active at the following
concentrations: 10° M (NSTX-3, JSTX-3), 107 M (6-PTX), 107 M (MLV-
5860) and 10-'.\! (MLV-6976). In this order the speed of reversibi-
lity increases. Concanavalin A considerably increases the rever-
sibility of NSTX-3. .

The gpider toxins and §-PTX curtail glutamate potentials, the
MLV's do not so. .

The high affinity uptake of glutamate by terminal axons and
glial cells is significantly increaséd' by JSTX-3 and NSTX-3, sig-
nificantly inhibited by &-PTX, and not affected by the ML}I's.
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S-PTX
(Philanthus triangulum)
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ANIMAL TOXINS OF LOW MOLECULAR MASS,

Terumi Nakajima, Tadashi Yasuhara and Nobufumi Kawai®

Faculty of Pharmaceutical Sciences, University of Tokyo, Tokyo 113, and .

'Tokyb Metropolitén Institute .f Neurosciences, Fuchu, Tokyo 183, Japan

We have characterized novel toxic components of low melecular méss
during the'elucidating process of the biologically active substance in
animal origin. ‘

Novel cardiac¢ steroids in the snake.The snake belonging to the genus
Rhabdophis has a pair of special giands, nuchedorsal glands,along the

neck. The material in these glands was reported to cause severe injury

when splashed in;q eyes by céreless handling of the snake or by beating
the snake's neck Qith a club. We analyzed this glandular material chemi-
cally and demanstrated the presence of novel polyhydroxylated cardiac
steroidsl. It is well known that bufonid toads contain cardiac steroids
in the prominent paroctoid glaﬁds located behind the ayes. Different
from those in toad, cardiac steroids in the snake occur in a non-conju-
gated form in the glands and are chéracteristically tetrahydroxylated
constitutents with respect to their common features, i.e. 3,5,11,14; 3,
7,1;.14 or 3,5,14,16 respectively. Trihydroxylated séeroid, gamabufota-
lin is also present. Some snake cardiac steroid; were as potent as oua-
bain in the positive inotropic action on guinea pig papillary muscle,

Novel cytotrophic peptides in wasp venom. The social wasps commonly

possess two series of the hydrophobic peptide family as the venom compo-
nents. One of them are histamine releasing peptides, mastoparans, and
others are vespid chemotactic peptides. Both families of .peptides are
composed of hydrophobic amino acids and basic amino acidz. Among these
:eétides. mastoparan shows a variely of biological action in addition

to mast cell degranulation and histamine release. Mastoparan acts on
adrenal chromatfin cells, platelets to release catecholamines or sero~
tonin, and raises prolactin secretion from pituitary cells. It was also
reported that mastoparan bound to calmodulin in the preéence of Ca ion
with fhe highest affinity and inhibited the calmodulin-sensitive enzymes

as phosphodiesterase. Mastoparan activates membrane bound phospholi-




pase AZ. In addition, mastoparan activates GTP-binding protein in a

cell membrane to stimulate the binding rate of GTP to the protein.
vespid chemotactic peptide is a tridecapeptide amide which causes chemo-
taxis for polymorphonuclear leucocytes and macrophages. A transient
¢levation of intracellular Ca ion and O; generation have been observed
in neutrophils when the cells were treated by the peptides. Unxike‘
mastoparan, the peptide does not affect c>n the GTP-binding protein but
interact directly %o FMLP receptor in neutrophils.

Ncvel neurotoxins in the spider, gerus Nechila. opider tox:n obtained

from the venom of the spider telorging to the genus Nephila has been
recognized as a new neurotexin(JSTX, NSTX) which ~.presses . irreversively
the excitatory postsynaptic potential and the glitamate potential in the
lobster neuromuscular junction with high degree of specificily. We puri-
fied the active principles from the venom of Nephila clavata and N. macu-
lata and found that JSTX and NSTX composed of many kinds of the struc-
turally similar toxic principles. Scme of these toxic principles identi~
{iedlchemically as their :ommcn structure composed of a 2{4-dihydroxy-
phenylacetyl asparaginyl cacaver:nocarboxyethylaﬂino-derlvative3.

Scme of these toxins and the related compounds were chemically synthe-
syzed and the structure-activity relationship was investigated. Another
series of the toxic principle were 21s0 characterized from the venom

of N. clavata.

1251~JSTX irre~

JSTX was made radicactive by labelling vith‘lodine-IZS.

versively blocked the EPSP of the lobster neuromuscular synapse in a

similar manrer as the natural toxin. Light microscope autoradiography

of 125I-JSTX treated muscle showed that radioactive spots were loca-

lized in the synaptic area along with the fine nerve branches. Elec-

tron microscopic analysis chowed that thesé spots were coincided with

the structure characteristic of the neuromuscular synapse.. This find-

ing gives morphological evidence that JSTX binds to the glutamate

receptor-ion channel molecules.
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Insect Peptide dormone Biosynthesis

Michael 0'Shea, Siegfried Hekimi and Marie-Francoise Schulz
Laboratoire de Neurobiologie, Université de Geneve
20 rue Ecole-de-Médecine, CH-1211 Genave 4, Switzerlang

Abstrace:

We have studied the synthesis of the sequenced locust adipekinetic
hormones AKH | and Il (pGlu-Leu-Asn-Phe-Thr- -Pro-Asn-Tra- Gly=Thr-YH

and pGlu-Leu-Asn-Phe-Ser-Thr-Gly-Trp-NHy), . These hormones are

made in the corpys cardiacum (CC) and are imoortant resulatory peptides
which stimulate 1ipid metaoolism during prolonged activity such as
migratory flight. Two precursors, P! and P2, of the AKHs have been
identified by a varfety of molecular, biochemical and immuncchemical
methods. Using in vitro tissue culture of the (C we Fave shown that
these AKH.precursors also produce two -additicnal peptides we call AXM
Precurfor Related Peptides or APRP 1 and 2.

. Protetn sequencing has been ysed to determine the primary structures
of the APRPS, Under reducing condftions the APRPs become smaller in
molecular waight consistent with them being dimers linked by disulphide
bridges. wWe believe APR? | s a homodimer of a 28 amino acid chain
(s-chain) and APRP 2 {s probably a heterodimer, also of 23 residue
peptides {a and 2). Messenger RNA extracted from the (C has been ysed

to direct protein synthesis in an in vitro cell-free translation system

(wheatgerm). This shows that CC mRHA 15 very efficientiy translated
primarily into only two polypeptides of ahout 6Kd. The simplicity of
,this pattern of protein synthesis from CC mAMA fs consistent with our
findings in the tissue culture system showing that P! and P2 are
“primary products of the CC neyrosecreteory cells,

A Agt'0 cDNA 1ibrary has been constructed from the CC mRNA and screened
with oligonucleotides based on the .structure of the AKMs and APRPs.
Positive clones are deing analysed.

Developmental studies indicate that strong requlatory control is
exerted on the synthesis of the precursors and its penstide products.
The mechanism which underlies this control {5 ynder investination as is
the biological activity of the newly discovered AKH Precursor Related
Peptides, .
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Spider Venoas as Probes for Insect Veurotransaission
Ian R, Duce

Departaent of 2Zonlogy, University of Nottinghas, Universtity Purk,
Nottingham NG7 2RD,

Venoas and toxins have provided s selection of powerful tonls for
studies of the nervous systea, Historically tYese matertals have
plaved a promineat part in sany breakthroughs {n neurobiology and
continue to be taportant in several recent developments invalving
the isolation and purification of receptors sand ion channels.
Yatural products have also played a key role {n the developaent
of several groups of pest{-ides. In viev of theta observations it
is likely that a group of antaals, ssch as spiders, which asre
predominately (nsectivorous and which use venos to subdue thetr
prey 3ay provide a8 source of materials with potential ae
insecticides or tools for studying the insect nervous systes,

In recent ye3srs we have studted the effects of vencss from
several groups of spidaers on (nsect nerve and nerve wmuscle
preparattons using & range of neurophysiological techniques,
Infttally this vork was directed tovards s search for cospouvads
vith sctivity at the L-glutamate receptor’ion channel compler of
the (nsect. Venoams from several families of spider were screened
for fnhtidition of the neurally evoked twitch contraction of the
locuat retractor unguts suscle, Apparent sctivity st the post-~
junctional site vas coufirmsed by exaeining the tnhidition of
excitatory potentials i{nduced by the tonophoresis of L-glutseate,
Activity of this type was Sound {n the venoms of Argiope
trifasciatas and Araneus gezza.’ The active cosponents wvere found
to be lov solecular veight roopoundﬁ zhich ve and twvo other
groups have chealically characterised and which are referred
to as Argtotoxine, The Argiotoxins ahow chesfcal simtlacities to
goxtns JSTX and NSTX fanlated froe other orb-vad veaving spiders
. These spider toxins sll appear to ac. as antagonists o! L-
glutasate receptor/channel complexes,

Tox{colngtcal and pharmacologtcal studies of spider venoms have
concentrated largely nn thetir effects on vertedrate preparatioos,
hovever & spectrum of effects have Deen described on {asect
nervous tissue, In addition to the post syneptic effects
dgescribed above presynaptic actinng of venoss have been descrided
in fnsects, The wvell known effect of dlack vidov spider veaom on
verteb ate motor endplates 19 reflected in s nessive increase !n
spontaneous release of neurotrangseitter from locust
neuromuscular jusctions”, This effect s also produced by venom
from other theriditd sespiders such as Stestods grosss, and
Steatoda bipunctarg. A presynaptic locus of actton has also deen
fdplicated in the actiog of Steatods pakyullisss venoms on ceatral
synapses in cockrnaches’,

Data obtatned yusing vhole silied venoe or venom gland excracts
may be amisleading in that spider venoms are complex "cocktails”
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of cheaicals of widely differing molecular wveight and type., Our
studies with the venoms of several groups of spiders have
suggested azultiple sites of action may be involved in toxicity.

Adans and colleagues shoved that Agelenopsis aserta venon
contained toxins with pre- and post- synaptic actions, It is thus.
apparent that in order to produce materizls of value for
pharmacological or pesticidal application extensive purification

and characterisstion of spider venoms will be essential, However
it i3 also clear that these msaterials are likely to be a valuable
resource wvorthy of expliotation in the search for co3pounds with
specificity for s{tes within the insect nervous systes,
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EFFECTS OF SPIDER VENOMS ON THE VERTEBRATE NERVOUS SYSTEM

Hunter Jackson and Thomas N. Parks

Department of Anatomy, University of Utah Medical Center, Salt
Lake City, Utah 84132

Spider venom research has for many years concentrated on
venons of spiders that are dangercus to man. AsS a consequence of
that work, it has been known for some time that venoms of some of
those spiders (e.g., black widows (Latrodectus spp.] and Sydney
funnel web spiders (Atrax spp.]) contain toxins affecting the
vertebrate nervous system. One such compound, a-latrotoxin, has
found widespread application in neurobiology research by virtus
of its effects on presynaptic transmitter release.

Interest in spider venoms on the part of the neuroscience
community has greatly increased, however, since the discovery
that certain orb-weaving spiders produce small toxins targeting
the receptor-ion channel complexes associated with excitatory
amino acid neurotransmitters. To appreciate that interest, one
must understand that excitatory amino acid neurovtransmitters,
especially glutamate, appear to be the predominant excitatory
transmitters in the vertebrate CNS. They have now been
associated with such normal brain functions as learning and
memory and a variety of neurological disorders including anoxic
damage, Hurtington's disease, and epilepsy. In 1982, Kawai and
colleagues® reported that a toxin froa the orb-weaving spider
Nephila clavata produced potent and long-lasting suppression of
excitatory amino acid transmission in the vertebrate brain. Thac:
finding, together with the fact that the insect prey of spiders
employ glutamate as a transmitter at their neuromuscular
junctions, provided the basis for investigating spider venoms as
a new source of much needed excitatory amino acid antagonists.
Although supply problems have limited research in this area,
several venoms have now been shown to have excitatory amino acid
antagonist activity.

More surprisingly and Jjust as importantly from the
perspectiva of a vertebrate neurobiologist is the finding. that
certain spider venoms also contain calcium channel antagonists,
Of the four such toxins reported to data, three are found in the
venoms of spiders belonging to the family Agelenidae (funnel-web
spiders) while one is produced by a spider from the family
Plectreuridae. Two of these four toxins, (found in the venom of
the Agelenopsis aperta spider) affect the vertebrate CNS, whereas
the other two have not affected vertebrate preparations tested
thus far. The two calcium antagonists from the Agelenopsis
spider hava extremely unusual properties that make them of
considerable potential value for bajic research. In addition, at
least one of the two has been shown to have anti-convulsant
properties which serve to illustrate the potential clinical
applications of calcium antagonist toxins or their derivatives.

1 gawai, N., Niwa, A., and Abe, T. Biomed. Res. 1982, 3 353-1%5.
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“PURIPICATION OF AN INHI3ITOR CF BRAIN SYNAPTIC MS

SIT2S FROM THE VENCM OF THE SPIDER ARANZUS GEMMA,

..........

MBRANE OLUTAMATE 3INDING

$. K. Michaelis, Cnt:.,

Blomed. Ras., Univ. of Kansas, tavrence, KB, 6604#, UBA.
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NOVEL EXCITATORY AMINO ACID RELATED COMPOUNDS

OF NATURAL ORIGIN

H. SHINOZAKI

- The Tokyo Metropolitan Institute of Medical Science, Tokyo 113, Japan

Pharmaco. gy began when man first used a plant extract to relieve the
syrﬁp(o_ms of disease, and naturally occuring substances have played an
important role in the neuropharmacological research. In the course of our
pharmacological studies on excitatory amino acids, quisqualate and kainate
were found to have marked excitatory actions in bcth. invertebrates and -
vertebrates, and theanine, matrine and tuberostemonine demonstrated glutamate
inhibitory actions at the crayfish neuromuscular junction {(NMJ). They are
all naturally occurring substances. We report here on electrophysiological
actions of acromelic acid and stizoiobic acid, which are novel amino acids of
natural origin, in order to encourage the utilization of these new and
potentially valuable compounds.

Acromelic acid is one of kainc'ds (kainate related compounds) isolated
from a poisonous mushroom, and markedly depolarizes crayfish opener muscle
fibers in a dose-dependent manner, and its potency is about 10 times as

potent as that of domoic acid (acromelic acid is about 100 times more potent

H

N-_.O
U .+CH,COOH
[al COOH COOH

NH,

HOOC HOOC 0,0

Acromelic acid A Stizolobic acid
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than Rainic acid). Brief iontophoretic application of acromelate produced a
depolarization of the crayfish muscle, which lasted longer than the glutamate
potential, and the time constant pf its decay phase was more than 2 times
larger than that of the glutamate potentiall. This is in contrast to kainic
and domoic acid which are not able to produce a fast and large depolarization
even when large ,a,mc,:unts were iontophoretically applied at this junction.
Moreover, acromelic zcid ma'rkequ potentiated the glutamate response but
depressed the qdisqualate résponsef ih spite of the fact that both glutamate
and quisqualate act on the common receptor at the crayfish NMJ. Acromelic
acid'induced spike discharges from rat cortical neurones and caused a
significadt ‘depolar.izatién of motoneurones in the‘new—born rat spinal cord.
Stizolobic acid and stizolobinic acid, amino acids isolated from a plant,
4 reduced responses to quisqualate and glutamate in a competitive manner at the
crayfish NMJ, without affecting responses to GABA and acromelic acid.
Stizolobic acid neither affected the resting membrane potential nor the input
~ resistance of the crayfish opener muscle. The amplitude of excitatory
junctional poter.wtials was decreased by stizolobic acid in a concentration
deperident manner. The blocking action of stizolobic acid was not use-
depenaent at the crayfish NMJ.' Stizolobinic acid was about 5 times less
potent than stiZolobic acid. On the other h_énd, in the mammalian CNS,
+izolobic acid caused a depolarizing response ‘contrary to our expectatibn.
Iontgphoretic appliéation of stizolobic acid to the rat cerebral cortical |
neurones induced significant spike di;charges. The depolarizing response of
the new;born rat spinal cord ventral roots caused by stizolobic acid was not
affected by the existence of M'g-2+ ions or APV, suggesting that stizolobic

acid does not bind to the NMDA-preferred receptor in the rat spinal cord.
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ACROMELIC ACID A AND B, VZRY POTENT EXCITATORY AMINO ACIDS FROM A POISONOUS
MUSHROOM

~ Haruhisa Shirahgma

Faculty of Science, Hokkaido University, Sapgoro, 060 Japan

Extremely potené neurcexcitatory amino acids, acromelic acid A and B, were
tsolated from a poisondus mushroom Clitocybe acromelalga Ichiaura. ‘Bacausn ot
snall quantities (110ug and 40ug r-spectively), %S, IR, 13C-NMR could not be
observed and the structure were deduced froa 'H-NMR and UV spectra and
biogenesis. In order tb confirm the structures and observe physiological activity,
both acids were synthesized from kainic acid. ’ The structures werr consequently
confirmed and absolute configurations were alsoc determined. Acromelic acid A was
roptesentea as (2s, 13s, 45)-3-ca:boxymethyl-4-(§-carboxy-2—pyr1don-3~yl) proline
ili and B as (2S5, 1S, 4S)-l-carboxymethyl-4-{6-carboxy-2-pyridon-S-yllproline (2).
Examination of the action of acromelic acld; at a crayfish neuromuscular junction
revealed that both of the acids yielded the most potent depolarization so far (100
times mér- potent than kainic acid). Neuroexcitator, action of the several
‘derivatives of acromelic acid was observed and it was suggested that a pyridine

ring equipped at Ci4) of proline effected the stt;nqth of the action.

Relative strength of potenciation of excitatory responses o givtamate induced by acromelic acid A, B

and their derivatives is roughly indicated.
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TRIOXABICYCLOOCTANES AS PROBES FOR THE CONVULSANT SITE
OF THE GABA-GATED CHLORIDE CHANNEL

John'E. Casidal, Russell A. Nicholson? and Christopher J. Palmer!l

lpesticide Chemistry and Toxicology Laboratory, Department of Entomological
. Sciences,University of California, Berkeley, California 94720, U.S.A.

24ellcome Resarch Labbtatorie&. Berkhamsted Hertfordshire, U.X.

Bicyclophosphorus esters [R-C(CH0)1P=X; X=0 or S] and bicycloorthocarboxylates
[R-C(CH70)3C-R’] with suitable R and R’ substituents [g.g., R = (CH3)3C and
R = substituted-phenyl] are potent GABA, receptor antagohist; and inhibitors of
GABA-stimulated chloride flux. .Some of these 2,6,7-trioxab19yclo[2.2.2]octanes
also have significant levels of 1n§ecticid§l activity. Radioligands from this
class are useful in binding assays with ner;e menbranes to probe the convulsant
site(s) of the GABA-gated chloride cliannel in insects and vertebra:e;. Many
compounds act fn vitro at 0.1 to 10 nanomolar and ip vive at 0.01 to 1 mg/kg.
Selective toxicity is potantially conferred by species differences in the nature
of the target sites and in metabolic activation ;r detoxification. The polychloro-

cycloalkane insecticides also act at thz same or a similar binding site.
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MOLECULAR PHARMACOLOGY OF GABA SYNAPTIC MECHANTSMS

P. Krogsgaard-Larsen. L. Nielsen, J.S. Jensen, E. Falch,

L. Brehm and F.S. Jorgensen

The Royal Danish School of Pharmaby, Department of Chemistry BC,
2 Universitetsparken, DK-2100 Copenhagen, Denmark

The neutral amino acid 4-aminobutyric acid (GABA) is an inhibitory
neurotransmitter in the mammalian CNS. Approximately 30-35% of all
central neurones are utilizing GABA as a neurotransmitter, keeping
virtually all neurones in the CNS under GABA control. These effects
are mediated by at least two classes of distinctly different recep-
tors (GABA-A and -B receptors), and there is some evidence of the
existence cof GABA autoreceptors. GABA 1s transported by multiple
transport (uptake) systems located in neurones and glial cells, and
GABA is metabolized by the enzyme GABA-T. There is an increasing
pharmacological and therapeutic interest in agents capable of stimu-
lating specifically GABA synaptic mechanisms, agonists at distinct
receptor subtypes and inhibitors of glial GABA uptake or GABA-T be-
ing of primary interest. '
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The molecule of GABA is characterized in a high deqree of conforma-
tional mobility allowing GABA to adopt a variety of different confor-
mations. This molecular property of GABA may be essential to its
complex physiological role. A prerequisite for the development of
specific GABAergic drugs on a rational basis is information about
the "biologically active” conformations of GABA. Via design of mo-
del compounds as exemplified below, in which stereochemical, confor-
mational and electronic parameters have been systematically varied,
compounds with specific and very potent actions at different GABA
synaptic mechanisms have been developed. '
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The structural parameters of these model compounds have been mapped
out using X-ray, computer molecular modelling and spectroscopic
techniques. Adjustment of physicochemical parameters of pertinent
model compounds, such,as the GABA-A- agonist THIP, have led to speci-

fic zwitterionic GABAergic agents capable of penetrating the blood-
brain barrier.

These studies are consistent with the view that GABA adopts distinct
"biologically active" conformations at different synaptic mechanisms,
which exhibit dissimilar or, in some cases, opposite stereochemical
requirements. Elucidation of these aspects has made pharmacological
and clinical studies of the consequences of selective manlpulatlon
of different GABA synaptic mechansisms possible.
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STRUCTURE~ACTIVITY RELATIONSHIPS JF {(+)ANATCXIN-a DERIVATIVES AND ENANTICMERS
OF NICOTINE ON THE PERIPHERAL AND CENTRAL NICOTINIC ACETYLCHOLINE RECEPTOR SUBTYPES.
Y. Aracava, R. Rosental, K.L. Swanson, H. Rapoport & E.X. Albuquerque. Dept.
Pharmacol. Exp. Therap., Univ. of Maryland Sch of Med., Baltimare, MD 21201.
The stereospecificity and potency of semi-rigid agonists (+)-anatoxin-a
(AnTX) and (-)-nicotine (NIC) were exploited to study the function of nicotinic
acetylcholine receptor icn channel complexes (nAChR) in central and peripheral
nervous systems using patch clamp techniques. Channel currents induced by (+)-AnTX
and (+) or (+)NIC on skeletal muscle fibres from the frog were similar to those
activated by acetylcholine (ACh) although bursts were divided into a few brief
openings. (+)-AnTX appears to act purely as an agonist or desensitizing agent
by binding to the a-bungarotoxin (a-B8GT) site. The allosteric site has less
(or different, see below) stereospecificity; it was therefore possible to demonstrars
that {(~) and (+)-NIC also have noncompetitive blockifgsacticns,

The nAChRs of the rat brain, i.e., [*H]NIC and I-2-BGT binding sites,
have Flso been differentiated by the selective binding of (+)-AnTX to the high
affinity NIC binding site. Using (+)-AnTX, channel activity was recorded on
neurohs cultured from necnatal rat hippocampi and basal ganglia. The channels
activated Ly ACh were similar, although more brief. (+)-AnTX is a poor ligand
for the muscarinic binding site of rat brain (Proc. Natl. Acad. Sci. USA, 78:
4639, 1981). This demonstrates the presence of functional central nAChRs (§§§§
' Lett. 222: 63, 1987).
(+)-AnTX analogs with modificatiors of the amine moiety and the ketone
side Fhain were tested for actions on the nAChR of skeletal muscle and Torpedo
electiroplaque. These similar receptor types had 2 sites which were sensitive
to the analogs: both the agonist (a-BGT) site and an allosteric site. Interaction
with |the latter site caused noncompetitive inhibition and was characterised
by hilstrionicotoxin (HTX) binding. Complementary biochemical and electrophysiologica
techniques correlated 1) the binding to 2-3GT site with contracture pctency
and stimulation of HTX binding and 2) the inhibition of muscle twitch with antagoniss
of HTX binding. Patch clamp studies demonstrated the microscopic kinetics of
changes in ion channel conformation which were induced by these derivatives.
In the case of noncompetitive inhibition, the kinetics were compared to those
descriibed by the sequential open channel blocking model.

SUPPORTED BY: NIH Grant-NS23050
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THE 3TQOCHEMICAL CHARACTERISAf!ON CF INSECT GABA RECEPTORS

GEORGE G. LUNT, Department of Biochemistry, The University of Bath,
Bath, England, BA2 7AY

t
v

The GABAA receptdr complex of mammalian brain is a 4 subgnit
protein that has distinct but interacting binding sites fcr several
grdﬁps of ligands. GA3A binding in vive results in the opening of
*he recartoc's integral C1” channel and Shis effect can be modulated
by benzodiazepines, barbiturates, caée convulsants and picrothinin.
.Addifionally several insecticidal agents also affect receptor function;
of particular interest are the avermectins and the cyclodienes.

Thus it is assumed that insect GABA receptors may resemble: their
mammalian counterparts and may represent attractive targets for insect

‘'specific neurotoxic' agents.

Several laboratories have demonstrated in insects the presen of
binding sites that resemble in some respects those of mammalian brain
GABAA receptors. In our own laboratory we have shown that in locust
ganglia there are binding sites for GABA, benzodiazepines, barbiturates,
cage convulsants and picrotoxinin that interact in a modulatory manner.
In several respects thesé sites differ frcm the correséonding site

on mammalian GABAA receptors. Thus the GABA site is insensitive

to bicuculline, the benzodiazepine site shows a Ca** dependghce

;nd’a different pharmacelogy and the cage convulsant site' shows complex
binding kinetics. In the case of the benzodiazeéine binding site
photoaffinity labelling reveals a subunit with a molecular weightA
distinct from that of mammalian GABAA receptor asubunit. The relationship
‘between the cage convulsant site and the picrotoxinin site also appears

to be different in that TBPS binding is unaffected by picrotoxinin.

These findings lend'support to the view that insecp GABA receptor

complexes may represent potential targets for insect specific control
agents.
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TRANSMITTER RECEPTORS ON
INSECT NEURONAL SOMATA:
GABA-ERGIC AND CHOLINERGIC
PHARMACOLOGY.

Jack A. Benson

R & D Plant Protection, Agricultural Division,
CIBA-GEICY Ltd., CH-4002 Basel, Switzerland.

How similar is the pharmacology of insect receptor
subtypes to that of mammalian subtypes in the same and
different receptor familles? To what extent can
chemicals used to define receptor subtypes in the
mammalian nervous system (classical diagnos<tic ‘
compounds) be rellied on to characterise receptors and
ion channels in insects? To answer these questions, we
have established pharmacological profiles for the
GABAergic and cholinergic receptors on the somata of
neurones from the thoracic ganglia of the locust,

Locusta migratoria.

Following mechanical separation, these somata
remain viable for hours urder voltage clamp conditions.
When exposed to brief, pressure micro-applications of
GABA, they respond with a current which reverses at -55
to -65 mV and {s carried by Cl~ lons. Acetylcholine
evokes two pharmacologically separable responses, a
"nicotinic” AChl response and a "muscarinic”" ACh2
response. The GABA receptors belong to the CABAp
receptor family but exhibit clear pharmacological
differences frcm the corresponding vertebrate
receptors. For example, they are insensitive to
bicuculline. The AChl receptors also differ from their
vertebrate counterparts, sharing characteristics of
both muscular and neuronal nicotinic acetylcholine
receptors as well as possessing unique properties.

The activity of a number of classical dlagnostic
compounds on the AChl receptors suggests that the
specificity of suzh compounds is not always the same in
insects as in other animal groups. Tetraethylammonium
(TEA) 1s often used as a selective blocker of specific
K* channels although it is also a ganglionic
cholinergic blocker in mammals. Strychnine is
recognised as a selectlive glycine antagonist although
it also has been associated with cholinergic effects.
Picrotoxin (PTX) is a selective blocker of Cl~
channels, especlally those assoclated with GABAp
receptors, and bicuculline 1s the dliagnostic antagonist
. of GABAp receptors in vertebrates. All four of these
compounds act as blozkers of the response mediated by
AChl receptors in the locust neuronal somata. In the
case of PTX, its action against the GABA response
occurs at a concentration several orders of magnlitude
below the effective dose against the cholinergilc
response. However, the otlier three compounds are potent
in or below the concentration ranges within which their

~

"classical" vertebrate effects occur.
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ACTION OF TOXICANTS ON GABA AND GLUTMATE RECEPTORS

Mohyee Eldefrawi & Amira Eldefrawi

Department of Pharmecology & Bxperimental Therapeutics
Univeraity of Maryland, School of Medicine
, Baltimore, Maryland 21201, U.S.A.

GABA and glutamate receptors 'of mammalian brain and insect muscles are
identified by radioactive ligand binding and ion flux measurements.
Interactions of drugs and toxicants with thess receptors are inferred from
their effects on either ligand binding and/or receptor-regulated ion fluxes.

The GABA receptor is & primary target for the toxic action of many
insecticides which inhibit its function by binding in or close to its chloride
channel. These include pelychlorocycloalkane cospounds. There is good
correlation between the inhibition by cyclodienes and v-hexachlorocyclohexanes
. of the binding of (23S]tert-butylbicyclophosphorothionate (TBPS) and their .

‘inhibition of GABA-regulated chloride tranaport. Type II pyrethroids also
" inhibit GABA-regulated Cl- 'transport atereospecifically but with less potency
than the cyclodienes. These pyrethroids bind with similar affinitics to a
witochondrial protcin associsted with Ca?* transport and labeled by (?R!ROS-
4864,

Although several organcphoaphate anticholinestersses and flame retardants
inhibit the GABA receptor, there is no correlation between their effects on
.GABA receptor function and their anticholinesterase sctivities or deleyed
neu~o~ toxicities. Inhibitfon of GABA reaceptor be responsible in part for the
toxic action of several natursl mycotoxins. Tresorgenic mycotoxins thet cauae
enime] staggers and the antihelminthic-insecticidal Averwectin 81 are nlso
inhibitors of the GABA receptor,

In collaborsation with Professors K. Nakanishi and P.N.R. Usherwood,
pbilanthotoxin was isolated from the venom of the diggar wasp Philanthus
" triangulum, its ‘structure was identified and was synthesized. It inhibits
revsersibly glutametergic transsission in insect muscle. It has no effect on
- the binding of (?H)glutamate to rat brain or invertebrste muscle sesbranes.
On the other hand, it inhibits noncowpetitively the (luta-to-enh.ncad binding
of [?H]MX-BOl to rat brain N-sethyl-D-sspartste receptor.
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SECCND MESSENGER SYSTEMS IN INSECTS: AN INTRODUCTION

Peter D. Evans

AFRC Unit, Dept. of Zoology, University of Cambridge, Cambridge
CB2 3BJ

Second messenger systems are ucsed to link the activation of
membrane bound receptors by external atimﬁli, such as hormones
and neurotransmitters, to intracellular response mechanisms.
Responses mediated by second messenj;er activation usually far
outlast the periocd of receptor activation enabling a minimum
amount of hormone or transmitter to produce a long-lasting
effect. 1In addition, weak signals can be amplified many £o5ld by
vthe use of a second messenger system, s$o0 that the syctem can be
made very sensitive to small changes in the concentration of the
agonist. Further, second messengers enable responses to be
elicited in regions of a cell at a distance from the site of
'aqonist receptor interactions. Since there are many steps in the
second messenger mediated pathways between the binding of the
.aqonist to a receptor ﬂnd the actual response aystem, such
mechanisms are {deally suited to be mcdulated by other events, so
.that responses may be amplified or inhibited depending perhaps on
the arousal state of the insect.

Currently there i3 much interest in a considerable array of
different second messenger systems, However, in ln;ects most of
the work in this field has been restricted to a consideration of
only two subclasses. namely those tha" use cyclic nucleotides and
those that are mediated by the enzymatic breakdouﬁ ot

phosproinositolds. For example, a considerable amount of
26
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evidence suggests that many of the actions of octopamine‘on
incect tissues, such as skeletal muscle, light organs, fat cellé,
blood cells, oviductg, are ali mediated via an activation of
adenylate cyclase activity which raises intracellular levéls ot
cyclic AMP. 1In addition evidence is accumhlatihg for a role for
changes in cyclic GMP levels in the mediation of the actions of
eclosion hormeone. The inositol phosphate pathway has Eeen shown

to mediate the actions of a number of different receptors in

insect tissues. These include one class of 5~HT receptor on the

blowfly salivary gland and muscarinic chdlinerqic‘:eceptcrs in,
the insect central nervous system. In addition it may mediate
some of the actions of some neuropeptides in insect tis$uesﬂ
Recent information sugéests that the functional significanée
of changes in the levels of second messengers in insect tissues
hust be conaidered‘Ln relation to a number of other factors,
including, physiological concentration range of the agonist, age
of the tissue, compartmentation of response within a éissue, and
availabilicy of substratus. Some of these factors will be

discubsed.
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Effects of Pyrethroids on Neural Protein Kinases and Phosphatases

Fumio Matsumura
Dept. of Environmental Toricology and
Toxfc Substances Program, LEHR Facility
Unfversity of California, Davis, CA 95616 USA

varfous pyrcthroids have been shown to interfer with normal functions of
sodfum channels and neurotransmitter release mechanisas, However, the bio-
chemical mechanisms by which these chemicals cause such & variety of neural
effects has been a mystery. Previously our research group has found that these
chemicals along with some chlorinated hydrocarbon insecticides (e.g. 0OT)
fnhibit the processes involved in ATP-nydrolysis, particularly those which
exhibft high calcfum sensitive ties, while scme of those processes represent
neural ATPases, we have recently shown that a significant portion of the above
ATP hydrolyzing processes are carried by various protefn kinases and phospha-
tases. The nature of the protpins, phosphorylated with low concentrations of
gamma-32p.ATP (e.g. 109 . 10-6M), were studied using SOS polyacrylamide
gel-electrophoresis. In the case of the -at bdrain and ths squid optic lobe
synaptosomes, the predominant protein kinases were (1) Cac*.calmodulin
dependent (=CCPX), (2) c-AMP dependent (=PXA) and (3) calctum-phospholipid
dependent (sPKC) protein kinases Deltamethrin used as & typical type [!
pyrethroid, inhibited (1) at 10-8 - 10°6M and to a lesser extent (3). :
Surpris1ngly it did stimu1ate (2). By using a purified PKA and histone, it was
found tha& this pyrethroid stimulates its phosphorylation action on histone at a
low (>10-13M) concentration. In the absence of histone, PXA is known to
" phosphorylate its own requlatory subunit., This process was Inhibited by
deltamethrin at the same concentration range. Thus it appears that the action
of deltamethrin is to release the catalytic subunit from the inhibitory
fnterference from its requlatory subunit. Also using & purified
calcium-calmodulin sensitive phosphatase (calcineurin), it was found that
deltamethrin inhibits protein dephosphorylation processe* However, such
actions required high concentrations (10-5 to 10-4M) of the pyrethroid.
Such diverse actions of pyrethrofds on these enzymes are expected to cause 2
variety of changes in the functions of key protein which are requlatea by
phosporylation/dephosphorylation process. One of the key proteins studied was
synapsin | of which roles in synaptic transmitter releasing processes are being
examined,



COUPLING OF MUSCARINIC RECEPTCRS TO SECCND MESSENGER SYSTEMS IN
LOCUST GANGLIA.

Michael J. Duggan and “George G. Lunt.

Medical Research Council Molecular Neurobiology Unit, Cambridge

and “Department of Biochemistry, Univeréity of Bath, Bath. *

The muscarinic acetylcholine receptor (mAChR) has a
fundamentally ' different mechanism of action from <that of the
nicotinic ‘acetylchclind receptor (nAChR). The nAChR is well

characterised in both insects and vertebrates as a ligand gated
A\ .

sodium channel. The vertebrate mAChR has no integral icn channel

ard produces its effects by mobilizing GTP-binding proteins.
These GTP-binding prcﬁoins can influence a class of potassium
channoi ©ang the activity ‘of adenylate cyclase aﬁd
phosphatidyl)inositol-diphosphate specific phosphodiostera;om

Tﬁos. effects are maediated by mAChRs of different pharmacoloegy

which have recently been shown to be the products of several

different genes.

In insects the presencovqf an mAChR has been inferred
from the demnnstration of binding of radiolabelled ligands to
ganglionic homogenates. Observations of physiological effects of

muscarinic pharmacolegy in the insects are few in number and

their possible mechanism of action has not previcusly been

investigated,
In this satudy on locust cerebral ganglia, radicligand
binding experiments have shown some of the complex pharmacology

found in vertebrate gystems. This finding has Dbeen used =to
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indicate the presence of multiple subtypes of mAChR. Furthermore,
cholinergic agonists have been shown both toc decrease the rate of
accumulation of cAMP and to iacrease the turnover of phosphatidyl
inositol. These effects can be aﬁtagonised by compounds of a
muscarinic pharmacology and this is indicative of mAChR-mediated

regulation of second messenger metabolism, analogous to that

seen in mammals.

30



RECEPTORS:

crT E .
0 TRY AND MODE OF ACTION

o MIN
B 1 MIS

OPA
CHE)
James A. Nathanson

Department of Neurology, Rarvard Medical School, and Neuropharaacology
Research Laboratory, Mass. General Hospital, Boston, MA 02114

Octopamine 1is a physiologically significant neurotransmitter in
insects, hav‘iing both neurohumoral. and transmitter ac:ions.' Because
exogenously applied octopaminergic agonists can disrupt insect
behavior and Ilnterfere with feedingl-3, the potential exists for the
development of potent olctopamin‘e anaslogs which would have pesticidaxl
or pestistatic toxicity for insects. Becaus; membrane receptors for
octopamine appear to be pi‘esen: primarily in 4invertebrates, such
analogs would have reduced toxicity for mammals and other vercebrates,l
Recent experiments {a our laboratory have been directed toward
developing techniques which vill lead to a gre:car"undersca‘nding of
thAc biochemistry of octopamine receptors (pnrtlcuvlatly thqse
associated with the activation of ndgnyl;te cyclase) and to a better
knowledge of how these receptors may vary among different 1nsect‘
species, In particular, we have bdeen developing a series of
octopamine receptor probes t.o characterize and 1isolate solubilized
octopamine receptor proteins.

Recently, we have syathesized a new octopamine agonist, NC-5Z,
which 1is mors than 100 times as potent as octopanine, itself}, in
activating adenylate cyclase and is the most potent octopamine agonist
yet described in the firefly light organ system. Under conditions of
reversible binding, NC-5Z {s n complete agonist'whose ‘activaticn can

be inhibited by known antagonists of octopamine-sensitive adenylate
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cyclase. NC-5Z 1s also very effective in activating adenylate cyclase
in cockroach nerve cord and 1in Manduca 355£1 nerve cord, where {t
appears to be able to differentiate among two adenylate cyclase~
associate& receptor subtypes. The coapound exerts antifeeding
activity 1in Handuc@ sexta larvae and light emitting antivity in the
firefly light organ.

NC-5Z 1is not only potent but has been designed, under certain
éonditions, to bind irreversibly to octopamine receptors and to remain
active {n {its _(ovalently-dound state, We have deveiobed a synthetic
scheme for radiocactively labeling this compouﬁd and have begun to show
labeling, bdoth autoradiographically (to insect tissues) and to
s&lublized octopamine recgptor‘proteins. ‘NCjSZ and related hompounds
should be of‘ considerable use 1in investigating tﬁe 1ntersp;cies
distribution and molecular pharmacology of octopamine receptor sub-
types, their histochemical localization, their coupling to adenylate
cyclase, and their blochemical characteristics.

1. Hollingworth, R., Lund, A. In “Insecticide Mode of Actidn‘,

Coats J.R., Bd,, Academic: New York, 1952, pp. 189-227.

2. Nathanson, J.A. Proc. Natl. Acad. Seil. USA 1985, 82 599-603.

3. Nathanson; J.A. Molec. Pharmacol. 1985; 28 254-268.

4.‘Nathanson, J.A. In "Toxicants Affecting GABA, Octopamine, and

Other Neuroreceptors in Iﬁver:ebra:es‘, Green; M., Rolling¥

vorth, R., Hedin, P,, Eds., Am, Chea. Soc.: Wash., 1987, pp.

154-161.
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OCTOPAMINE~ AND DOPAMINE-SENSITIVE RECEPTORS AND CYCLIC' AMP
PRODUCTION IN INSECTS

Roger G.H. Downer

Department of Biology, 6n1versity of Waterloo, Waterloo,

Ontario, Canada, N2L 3Gl

An adenylate cyclase compléx that {s GTP-dependent and sensitive
to Mg", NaF and forskolin has been identified in several insect
tissues. . Incubation of membrane preparations from cockroach
brain and nerve cord in the presence of 1 x 10"6 M octopamine or
dopamine results in eleQaced levels of cyclic AMP and. additivity
studies indicate that distinect membrane recep:;rs are involved
in mediating the responses to the' two monocamines. OCCOpaﬁine,
but not dopamine, also elevates cyclic AMP levels {n prepara-
tions from cockroach haemocytes and locust nerve cord. |
A variety of potential agonist; and antagonists were tested
to provide pharmacological characterisations of the octopamine
and dopamine receptors. The octopamine-mediated stimulation of
cyclic AMP »prcduction is mimicked by synephrine, tyramine,
naphazoline, cloaidine and several formamidine pesticides
whereas the response is inhibited by mianserin, promethazine,
phentolamine, gramine, cis-flupenthixol, cyproheptadine and
dibenamine., However, differences in the pharmacology of the
octopamine-mediated response between diffefen: tissues confirm
earlie? suggestions that there are several types of octopamine
receptorl. Studies on dopamine-mediated elevation of cyclié AMP

production iudicate an agonistic response with the selective
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Dz-agonist LY-171555 and no stimulation with the selective
Dl-agonisc. SKF-38393. However, studies with antagonists
indicate moderate inhibition with both the selective Dl-
antagonist SCH-23390 and the Dz-an:agonist, spiperone. Thus,

the data suggest that the insect dopamine receptor that {s

coupled to adenylate cyclase is pharmacologically distinct from
dopamine receptors that have been described for vertebrate

tissues.

Preliminary evidence will also be presented to suggest that
some octopamine effects {nvolve {ncreases in intracellular

calcium concentration and that octopamine-mediated cyclic AMP

production may be modulated by protein kinase C.

1. Evans, P.D. J. Physfol. 1981 318 99-122.
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MOLECULAR AND CELLULAR APPROACHES TO NEUROTOXICOLOGY:
PAST, PRESENT AND FUTURE

Toshio Narahashi

Department of Pharmacelogy, Northwestern University Medlcal School, Chicago,
Illinois 60611, U.S.A.

The mechanism of action of toxic substances on the nervous system has been
studied for many years, yet it was not until 1980s that approaches and
techniques were developed to allow us to study the toxic action ar the wolecular
and cellular levels. The present paper s concerned mainly with neurotoxicology
of {nsecticides, and represents some highlights of the study performed in our
laboractories during the past 38 years. Emphasis is placed on the rationale of
developmen: of the study rather chan mere historic -aspects or technical details.

One of the earliest electroghysiological studies of insecticidal actions vas
performed in 1942 by Lowenstein’ who discovered massive discharges in the insect
nervous ‘system intoxicated with pyrethrum extract. Similar stimulating actions
were observed vith other insecticides including DDT, lindane, dieldrin and
organophosphacesz. However, these studies remained totally phenomenological. A

. quantum leap was made toward the mechanism of action when intracellular
wicroelectrode techniques were applied to cockroach giant axons. It was shown
that repetitive after-discharges evoked by a single stimulus in the DDT- and
pyrethroid-poisoned axon were induced by an increase in depolarizing
after-potencial that reached the threshold for generation of action
potential3:®, '

The ionic nechanisu underlying the increase in depolarizing after-potencial
was disclosed by using voltage clamp techniques which represented another
quan:un jump. The sodium channel current was shown to be prolonged by DDT and
pyrethroids, causing an increase. in depolarizing after-potential 6, which in
turn would evoks repetitive discharges. However, since the sodium current thus
recorded originated from a large number of sodium channels, we did not know how
individual channels were affected. The breakthrough for this problem was made
by adopting patch clamp techniques originally developed by Neher and Sakmann? .
Individual sodium channels were kept open for only 1-2 msec under normal

_conditions, but the open time was prolonged by various pyrethroids to as long as

several hundred milliseconds to several seconds3:?. Prolonged openings would
cause a prolonged vhole cell sodium current, and account for hyperactivity of
the nervous system and aninmal.

Our knowledge was further advanced by measurements of ion fluxes and
receptor binaing. Although these studies will not be the major subject of
discussion in the present paper, suffice it to say that some of the studies
dealing with Na* fluxes across the membrane provided support to the notion of
- the pyrethroid-induced prolongation of sodium channel opening, while some others
proposed a new hypothesis calling for the interaction of type 11 (a-cyano
containing) pyrethroids with GABA receptor-channel complex as the basis for
toxicity However, deltamethrin was much less potent on the GABA system than
on :he sodium channel 12, and had little or no effect on the specific binding
of { H]dihydropicro:oxinin. a ligand for the GABA-activated channell3, More
direct demonstration against the GABA hypothesis has recently been made by patch
clamp experiments using the primary cultured neurons isolated from the rat
dorsal root ganglionlh Application of 10 uM deltamethrin caused no change in
the CABA-induced chloride current while 1ncroas£n5 and prolonging the sodium
channel current recorded from the same neuron in s manner characteristic of type
II pyrechroids. Therefore, the GABA receptor-channel complex appears to play
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lictle or no role {n the toxic action of deltamethrin.

It has been known for a long tiwse that cyclodienes and lindane stimulace
synaptic transaission“. Ligand binding and Cl° flux measurements {ndicafed that
these insecticides blocked the GABA resceptor-channel couplox12'15'16. The
validity of this hypothesis has recently been demcnstrated for lindane uging the
patch claamp technique 4. The rat dorsal root ganglion neuron responded to GABA
by generating a desensitizing (inactivating) and a non-desensitizing ‘

" (steady-state) chloride currenz, and the former component was completely blocked
by lindane (vy-BHC) but not by a-BHC. Therefore, this blocking action appears to
be one of the factors responsible for synaptic stimulation caused by lindane.

Whereas our current research deals vith the action of incecticides af the
single channel level, the futura of this field will be directad toward the
molecular mechanism. One of such studies will be concerned with the
identification of the molecular components of subunits of the target
receptor-channel complex with which insecticides interact. This will be
followed by characterization of the mechanism involved in insecticide-receptor
molecule i{ntaraction. Current rapld developments in molecular biology and cell
biology should be incorporatad into such studies of insecticides.

1. Lowenstein, O. Nature 1942 150 760-762

2. Narahashi, T. Advances {n Insect Physiology, ed. J.W.I. Beament, J.R.
Treherne and V.B. Wigglesworth, Academic, London, 1971 § 1-93

5. Narahashi, T. J. Cell. Comp. Phy;iol. 1962 39 61-65

4. Narahashi, T. and Yamasaki, T. J. Physiol. 1960 132 122-140
S. Narahashi. T. and Haas, H.G. Science 1967 157 iA38-1aAO

6. Narahashi{, T. and Anderson, N.C. Toxicol. Appl. Pharmacol. 1967 10 529-547
7. Neher, E. and Sakmann, B. Nature 1976 26Q 779-802
8. Yamamoto, D., Quandt, F.N. and Narahashi, T. Brain Res. 1983 274 344-349

9. Chinn, K. and Narahashi, T. J. Physiol. 1986 38Q 191-207

10. Lavrence, L.J. and Casida, J.E. Science 1983 221 1399-1401

|
\

11. Chalmers, A.E., Miller, T.A. and Olsen, R.¥. Neuropharmacology and
Pesticide Action (Neurotox ‘85 Abstr.) 1985 41-42

12. Bloomquist, J.R. and Soderlund, D. Biochem. Biophys. Res. Commun. 1985 133
37-43

13. Matsumura, F. and Tanaka, K. Cellular and Molecular Neurotoxicology, ed. T.
Narahashi, Raven, New York, 1984 225-240

14. Ogata N., Vogel, S.M. and Narahashi, T. Soc. Neurosci. Abstr. 1587 i} 65

15. Abalis, I.M., Eldefrawi, M.E. and Eldefraw{, A.T. Pesticide Blochen|
Physiol. 1986 24 95-102 !

16. Ghiasuddin, S.M. and Matsumura, F. Comp. Biochem. Physiol. 1982 Z}g}IAI-lhhl
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FUNCTIONAL COMPONENTS IN THE NERVOUS SYSTEM REVEALED BY
INHIBITORY AND FACILITATORY TOXINS

J. Oliver Dqlly
Department of Biochemistry, lmperial College, London SW7 2AY.

Neurotransmitter release and its modulation by voltage-activated
K channels have been studied using botulinum neurotoxin (BoNT) and
dendrotoxin (DTX), specific and novel probes that respectively inhibit
and facilitate secretion [reviewed in (1-3)]).

BoNT represents a family of highly toxiec di-chain proteins (M_ ~150,000)
produced by Clostridiwm botulimum that cause botulism in humans 5nd
livestock, by specifically and irreversibly blocking Ca?! —dependent release
of acetylcholine from peripheral nerve terminals. This involves targetting
to cholinergic nerves by interaction of its heavier chain with ecto-
acceptors, internalization and inactivation of a component of the release
process. Recent electrophysiological recordings (4) in large cholinergic
neurons showed that extra~ or intra-cellular administration of BoNT
type A or B blocked quantal release. Moreover, the toxin inhibited
release from non-cholinergic neurons grovided it was micro~injected into
the cell. The two purified and individuallyrrenatured chains of BoNT,
which are non-toxic in mice, failed to affect the release of acetylcholine
whether applied inside or outside the neurons. However, blockade of
acetylcholine release was observed after intra-neuronal administration of
both the heavy and light chains or when the latter was injected ard the
heavy chain bath~applied. In brain synaptoscmes the release of several
neurotransmitters is BoNT-susceptible and, likewise, secretion from
exocrine cells can be prevented by the toxia. Thus, the presence of both
chains is required tntra-~cellularly to inactivate an essential component
of a ubiquitous secretion system. Investigations on the molecular nature
of the action of this'universal' probe will be discussed in relation to
the possible identity of its functionally important substrate.

DTX is one of a homologous group of basic, single-chain polypeptides
(M_ ~7,000) purified from mamba snake venoms. It is a potent convulsant
that facilitates tran-mitter release at both peripheral and central
synapses. These actions appear to result from a selective bleockade of
at least two variants of fast-activating, voltage-dependent K channels
that are intimacely involved in controlling nerve cell excitability and
synaptic transmission (5,6). A K curreat found in rat ganglia that
inactivates slowly is most sensitive to DTX and 4-aminopyridine (although
this is orders of magnitude lesy potent) whereas hippocampal CA; neurons
display a faster inactivatingz K conductance that is attenuated by larger
concentrations of these agents; a third variety detected in superior
cervical ganglion is viptually unaltered by DTX. Consistent 'with these
widespread effects on K channel sub-types, two or more populations of
high affinity acceptors for *23I-labelled DTX have been characterized
in vertebrate brain. A minor species of this acceptor protein also binds
B-bungarocoxin (a pre-synaptically active snake protein) and occurs
predominantly on membrane of nerve terminals (7) whilst the more abundant
DTX acceprsr occurs also on somatic and axonal membranes (1). Although
analysis of detergent-solubilised extracts of synaptic membranes shovs
that the DTX acceptor is a3 large glycoprotein (Mr ~400,000), a subunit
of 70,000 has been identified by cross-linking to DTX. Interestingly,
this corresponds in size to pretein 'isotypes' of a chanmel in Droscphila
that have very recently been predicted frgm ¢DNAs identified, using a
mutant (Shaker) with a defective A-type K channel (8).
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A gomparison will be made betwveen the postulaced structure for the
fly K. channel and the oligomeric/subunit properties established for
the putative K channel/DTX acceptors.

{. Dolly, J.0, Black, J.D., Black, A.R., Pelchen-Matthews, A. and
Halliwell, J.V. Novel roles of aeural acceptors for inhiditory
and facilitatory xins. In: Natyral Toxins = Animal, Plant and
Microbial, (J.B. uerris, ed.), pp. 237-254 (1986). Oxford
University Press.

2. Dolly, J.0., Ashcon, A.C., Evans, D.M., Richardson, P.J., Black, J.D.
2nd Melling, J. Molecular action of botulinum teurotoxins: role
of acceptors in targetting to cholinergic nerves and in the
inhibition of the release of several transmitters. In: Cellular
and Molecular Basis of Choliasergic Function, (M.J. Dowdall and
J.N. Hawthorne, eds.), pp. 517-533 (1987). Ellis Horwood, cChichester.

3. Deolly, J.0., Stansfeld, C.E., Breeze, A., Pelchen-Matchews, A.,
Marsh, S.J. and Brown, D.A. Neurongl acceptor sub-types for
dendrntoxin and their relation to K channels. In: Neurotoxins and
their Pharmacological Implications, (P, Jenner, ed.), pp. 81-96.
Raven Press, New York.

4, Poulain, B., Tauc, L., Maisey, E.A., Wadsworth, J.D.F., Mohan, P.M.
and Dolly, J.0. (1988) Neurotransmitter release is blocked intra-
cellularly by botulinum neurotoxin and this requires uptake of
both its polypeptides by a process mediated by the larger chain.
Proc. Nacl. Acad. Sci. USA (in press).

5. Halliwell, J.V., Othman, I.B., Pelchen-Matthews, A, and Dollv, J.O.
(1986). Central action of dendrotoxin: selective reduction of a
transient K conductance in hippocampus and binding to localized
acceptors. Proc. Natl. Acad. Sci. USA 83, 493-497.

6. Stansfeld, C.E., Marsh, S.J., Parcej, D.N., Dolly, J.0. and
Brown, D.A, (1987) Mast cell degranulating peptide and dendrotoxin
selectively inhibit a fast-activating potassium curreunt and bind
to common neuronal proteins. Neurosci., 23, 893-902.

7. Pelchen-Matthews, A. and Dolly, J.0. (1788) Distribution of acceptors
for B-bungarotoxin in the central nervous system of the rat,
Brain Res. 441, 127-138,

8. Timpe, L.C., Schwarz, T.L., Tempel, B.L., Papazian, D.M., Jan, Y.N.

and Jan, L.Y. (1988)., Expression of functional potassiuw channels
from Shaker cONA in Xemorus oocytes. Nature 331, 143-145.
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RECFPTORS FOR ACETYLCHOLINE IN THE NERVOUS SYSTEM OF [NSECTS

Y. BREER

University Scuctgar:-aohenheia

I{nstitute of Zoophysiology

7000 STUTTGART 70, West Gersany . ' '

The central nervous systes of arthropods is highly cholinergic fnnervated;
- thus f{nject gangl{a appear to be most appropr.ate for studying neuronal ace-~
tylcholine receptors (AChR). Using specific ligands,’like v=bungaratoxin and
quinuclidin&lbenzilnte. rather high concentrations of choliﬁ&rgic binding si-
tes have been de;cc:ed fn'che-head and thoracic gaaglia of vofious insect
species. In coftrast to the propondcr;ncc of muscarinic receptc=s {n the ver-
tebrate brain, tne nicotinic receptor type predominates in insects, wheTeas
only & small portion displayed muscarinic properties. Nevcrthéless, both subd-
types of th auscarinic receptor (Ml' Hz) have been discovered also in the in-~
sect nervous tissue. Subcelluiar fraccionation experiments have revealed that
the xz-subtypc appear to be pradozinantly located lt'CHC nerve teraiﬁlls and
to be {nvolved in the feedback regulattop,of presynapcic activity, notadbly the
evoked releasq of acetyle-l{ne.

Atteapts have been made to (dent{’y the nicotinfc acetylcholine receptor from
the nervous tissue of locust. A large coaplex protein, thch bindsa~toxin with
hi;h nffxniiy has been solubilized from locust membrzne preperations and puri-
fied via denst:i gradient centrifugation and affinity chromatography to
‘honogencicy.'ln aicroQiectrophoro:Lcnl analys's onli 8 single poivpeptide dand
could be detected, suggesting that the coeplex protein may be coaposed 14
identical or very sisiiar polypeptides. when r.conltltuted‘ln pianar liptd
bilaver, the native purified ptotciﬂ.foracd functional fon channels, activated
by cholinergic agonists like acetv'-holine, cardemylcholine or suberyldicholi-
ne and dlocked by antagoniets like d~tubozcurarine, indicsting that a functio-

nal acetylcholine receptor has been purified. The maximal conductance of the

channel and its selectivity for cstions are reminescent to the peripheral ver-

tebrace receptor. Kinectic analysis of the channel gating have revealed that

39




multipie gating as wvell as burscting eveancs appear ac high agonisc
concentrations. Approaches to deteraine the cooperativity of channel activati-
on showed that the nicotinic scetylcholine receptor from nerve cells of {n-
sects is apparently activated by one sgonist molecule. The receptor protein
has been localized in the neuropil of locust ganglia using sonospecific anti-
bodies {n i{mmunocytochemical experi{aents. Purthersore {mmunochemical analysis
have shown that there are obviously significant molecular siallarities between
constituents of the neuronal insect receptor and the peripheral hetercoligome-
ric vertebrate receptor; this wvas confirmed vhen the N-terainal amino acid se-
quence of an {nsect receptor polypentide fragment was deterained. As a first
step towards an application of recoabinant DNA-techniques, RNA preparations
~from the nervous tissue of young locusts were prodbed for receptor specific
3RNA using reticulocytes and Xenopus ococytes &s expressioa systems. It was
found that oocytes microinjected with locuet polyA* =RNA produced treceptor po~
lypeptides which bound x-toxins and could be prociéiuud by specific
antibodies. Binding ‘and {on flux studies have provided evidences that the ex-
pressad receptor poiypeptides are inserted i(nto the ococyte surface ‘uenbranc

and represeat acetylcholine-gated fon channels, functional acetylcholine

receptors.
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‘in multimeric form within the chan

GENETIC AND PHARMACOLOGICAL ANALYSES OF POTASSIUM CHANNELS IN DROSQPHILA.
C.-F. Wu, Dept. of Biology, Univ. of [lowa, Iowa City, lowa 52242 U.S.A.

Several single-gene mutations in DProsophila are known to affect membrane
currents, resulting in altered nerve and muscle excitability and abnormal
behavior. Analysis of such mutants allows identification of the
physiological roles of various currents and corralation of the distinct

channel properties with specific structural domains altered by individual
sntations. : :

Voltage clamp studies of
currents that can be separated by di
sensitivity to pharmacological block
voltage-activated K* currents have b
using Shaker (Sh) mutations which af
the slow current (Ig). The glowpoke
distinction between the two Ca*™ .act
the fast current (I;) but not the sl
current and Iy exhibit similar kinet
distinction exists between these two
concentration selectively blocks Iy

suscles revealed at least four K*
ferences {n their properties as wvell as
de and autational alteration. The twe
en distinguished from each other by
ect the fast K* current (I,) but not
(319) mutation provide a

vated K* currents by eliminating

w current. The Ca**.activated slow

cs but a clear pharmacological
currents. Quinidine at a low

fchout effects on other currents.

The Sh gene is thought to code for at least & component of the I,
channel. In the §h’ allele ve found that the veltage dependence and
kinectics of 1, activation and {nactivation vere altered but the channel
selectivity ressined intact.  In addition, §h” channels were much sore
sensitive to blockade by 4-AP. The results raise the possibility that the
gating and 4-AP binding functinns rqside within the same structural domain
of the channel. We further explored the nuaber of $h gene products and
their stoichiometry within the channel by combing different alleles in
heterozygotes snd examined for evidence of interactions among dissimilar
products. The results suggest the possibility of two different §h products
in the I, channel. One class of §h autations resultad i{n a siople
gene-dosage sffect; the I, in heterozygous cosbinations reflacted additive
contributions from two independent populations of I, channels, .
indicating a product that function as a monomer within the channel. In
contrast, a second class of §h mutations caused drastic departures fros
the siaple additive effect; the amplitude of I, {n heterozygotes was
significantly smaller than that expacted from gene dosage. This
dominant effect can be explained by a second §h product that is prasent
l . f

Studies of single-channel events underlying these macroscopic currents
have been initiated to exasine the detailed mechanisms of sutational and
pharsacological perturbations. The use of glo mutants has led to the
positive corrslation of a typs of (a**-dependent channels vith the
macroscopic I¢. Further studies of the pharmacological profiles of
different types of single-channel qurrents in normal and smutant preparations
may sxtand our understanding of K*|channel function and diversity.
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ACETYLCHOLINE, GABA AND GLUTAMATE RECEPTOR CHANNELS IN CULTURED
" INSECT NEURONES,
by Yves Pichon .
Département de Biophyeique, Laboratoire de  Neurobilolcgie
Cellulaire et Moléculaire du C.N.R,S., F-91190 Gif-sur-Yvatte (F)

Primary cultures of emdbryonic neurones can be prepared fron
emdryos of the american cockroach, Perivolanata americana. These
cultures provide some unique opportunities for pharmacological
studies especially since they can be kept free of glial <cell

contamination, Under such conditions, (1) Lt is possidble to
control exactly the ionic environment, (2) the nerve membrane is
directly accessidble tc putative transmitters or toxins, (3)

membrane patches suitadble for single channel analysis are easily
formed without enzymatic treatment of the culture and kept for
prolonged periods of time.

During the past three years, a large amount of informations
has deen gathered concerning the mode of action of the three main
families of neurotransnitters on these cultured neurones. The
expariments were carried-out at Thames Polytechnic, London, in
David Beadles' Laboratory and in our Department st Gif. They are
now in progress at Oxford Polytechnic. Most experiments were done
using the patch-clamp technique in two dirfferent configurations:
whole~-cell-clamp and cell-attached. In the former case, the
electrode contained 118 (or 180) mM KC1, 1.6 mM MgCl2, 0.2 mM
CacCle, S mM EGTA, 100 mM glucose and 10 aM Hepes Buffer at pH
7.2. In the latter, the electrode contained the same solution as
the bdDath (i.e. 210 mm NaCl, 3.1 mM XKCl, 10 mM CaCl2 and 10 mM
Hepes Buffer at pM 7.2.)

Acetylcholine (ACh) and its agonist ' Carbamylcholine (CCh)
depoclarize the neuronal mendrane at aicromolar concentrations.
The reversal potential of this depolarization was found to
aporoximate -10 mV. Spectrum analysis of the fluctuatiocns induced
by the two cholinergic sgents revealed cone (CCh) or two (ACh)
lorentzian components. 3ingle channel activiry induced dy the two
cholinergic agonists consisted into short openings (0.2 to a few
ms ) with twoe conductance levals (around 20 and 50 pS). Careful
statistical analysis of several thousands of single channel
recordings suggest that these two conduaetanca levels correspond
to two different channels and not to substates of the same
channel.

GABA and its agonisct, muscimol, induce a eurrent
corresponding to the opening of chloride channaels. Spectrum
analysis of the nolse induced by the application of the two
inhibitory agonists revealed only one Lorentzian component with a
corner fregquency of around 1% Hr for GABA and 2% Hz2 for muscimol.
The single channel conductance derived from the spectra lied
around 16 pS for the two agonists. l1t has not yet been possidle
to confirm these figures using .single channal data.
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L-Glutamate has been applied in the presence and the absence
of Concanavalin A (Con A). Some, but not all, neurcnes responded
to pressyre of iontophoretic applization of L-glutamate onto the
cell membdbrane, the response being a  depolarization or a
hyperpolarization. Unitary . currents corresponding to the
depolarizing response ' were recorded and analyzed. Micromolar
concentrations of L-glutamate induce very ghort and usually
. complex single channel like activity. Analysis of long recordings
of this activity strongly suggest that the channel possesses
several (up to A& or 5) substates at multiples of about 1 pA.
Furcher experiments and analysis are needed to fully understand
the complex kinetics of these channels.

. The rcsulf: will be discussed in the view of the most recent
findings on other insect neurones and other neuronal
preparations.

-
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Molecular Biology of Drosophila Choline Acetyltransfesrase

Paul M. Salvaterra, Ph.D.

Division of Neurosciences

Beckman Research Institute of the City of Hope
1450 E. Duarte Rd.

Duarte, CA 91010 USA

Choline acetyltransferase (ChAT, EC2.3.1.6) is the enzyme responsible for the
biosynthesis of the {mportant central and peripheral neurotransmitter,
acetylcholine. We have recently obtained detalled structural information about
this protein by {solating and sequencing a ¢DNA clone from Drosophila. The
results of these studies have led us to several {nteresting structural and
functional conclusions regarding Drosophila ChAT and its evolutionary
relationship to other macromolecules which interact with acecylcholine. A
detailed comparison of the amino acid sequence of Drosophila ChAT with that of
Jorpedo acetylcholinesterase reveals a weak but significant homology betwean
these two proteins. The homology is primarily confined to six peptide segments
in each sequence, but {s global when the pepcides are ordered within éach
structure. These observations indicata that both proteins may have evolved from
a common ancestral gene. We have also noced several weak amino acid analogous
sequences when comparing ChAT with a neuronal acetylcholine receptor sequence.
The analogous peptides are not extensive enough to propose a common origin for
thcse two genes but may indicate regions of structural and functional
convergence,

Another interesting structural aspect of ChAT involves the mechanisa of protain
trans’ation initiation. We have succesded {n obtaining correct translation of
our <DNA clone in several tast systems including Xenopug oocytes, E. g¢oli, and
rabbit reticulocyte lysates. These results are unususl since our cDNA clone has

no usual AUC initiarion codon upstream from the known protein coding region. It

seens likely that Drosophila ChAT may use a non-AUG codon to {nitiate protein
translation.” In an attempt to identify the likely initiation codon we have.
created several ip vitro mucants and tested thea for their ability to produce
active enzyme of the proper size.

We have also recently completad studies vhich describe the pattarn of ChAT mRNA
and enzyme production during Drosophila development. The steady state mRNA
levels appear to have a biphasic pattern of expression temporally preceding a
similar pattern of expression for enzyme activity by several hours. The
increasing phases of ChAT maRNA seem to correlate with development of cell-cell
contacts within the nervous system. In temperaturs sensitcive alleles of the
ChAT gene, steady state mRNA levels seem to correlate well with the amount of
active enzyme produced under various conditions. These results may indicate the

"presence of a positive feed back loop which is important for regulating ChAT

eaxprassion {g vive.
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PATCH-CLAMP ANALYSIS OF SINGLE CHLORIDE CHANNELS IN PRIMARY
. NEURONAL CULTURES OF DROSOPHILA.

_Dgisuke Yamamoto
Laboraﬁory of Neurophysiology, Mitsubishi-Kasei Institute of Life
Sciences, Machida, Tokyo 194, Japan

Although 'Drosophila melanogaster is potentially one of the best

suited organisms for genetic and molecular biology approaches to
the study of the nervous system, electrophysioloqiﬁal stﬁdies of
individual neurons have been hampered by their extremely small
diameter. The recent development of patch-clﬁmp techniques has
made it possible to study electrical properties of small,
hitherto inaccessible,célls. ‘We have applied the gigachm-seal
patch clamp method to primarf cultured Drosophila neurons, and
here we report on a novel chloride channel present in the cell
body membrane.

The channel has a conductance of 35pS with 145mM Cl1~ in boﬁh
sides éf the @eMbtane, and stay; in the open state for tens of
minutes with occasional interfuptions by short closing
transitions. The channel typically stays at either the fully
closed or the fully open state. However, this rather simple
behavior of the chgnnel can readily be altered if the cytoplasmic
‘side of the channel is exposed to the anicnic buffers Hepes or
Mops’. In the presence of Hepes or Mops, the open Cl~ channel
seems to dwell in sgveral discrete conductance levels, some of
which are hardly detectable in the abser.ce of these compounds.
An increase in the buffer concentration incréases the frequency
.of appearance of events with lower conductance at the expense of
events with higher conductance, whereas the‘levels of the minimal

and maximal step remain unchanged. The channel tends to stay
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longer in the open states with higher conductances at more
depolarized membrane potentials. These results are consistent
with the following hypothesis: the single chloride cfxanne). is
composed of multiple pbtes that are gated simultaneously, each of
" which is subject to an independent hit by a blocker (Hepes or
‘Mo.ps) molecule. As a concequence, the conductance of a partly
blocked channel decreases in a stepwis‘e fashion as the number of
blocked pores increases.

'fo examine ionic selectivity of the channei,,. the
cytoplasmic ‘side of the inside-out patch mémbrane was exposed to
solutions of different anionic composition. Total replacement of
chloride with glutamate completely eliminétes the inward current
at a‘ holding potential of -90mV. Large inward currents are
observed with solut;ions containing NO3', Br~, or I” in place of
Cl™. The channel is alsc permeable to F~. The channel has the
selectivity sequence NO;™(1.97) > Br~(1.12) & I7(1.03) &=C1™(1) >
F(0.32) >»> glutamate(<0.02) as estimated'b_y the permeability
ratio based on the reversal potential meaéurement.

The chloride channel is blocked by SITS {4-acetoamido-4'- |
isothiocyanostilbene-2,2'-disulfonic acid), a class'ic inhibitor
of anion transport systemsz, Duf: not by avérmectin. Therefor"e
avermectin appears to distirquish between the subclasses of

chloride channels,

1. Yamamoto, D. and Suzuki, N. Proc. R. Soc. Lond. B, 1987 230
93-100.
2. Cabantchik, 2. I. and Rothstein, A. J. Membr. Biol. 1972 19

311-330.
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SINGLE CHANNEL STUDIES OF THE INTERACTION OF ARGIOTOXIN,,, WITH LOCUST
MUSCLE GLUTAMATE RECEPTORS.

C.J. Kerry and P.N. R. Usherwood.

Department of Zoology University of Nottingham, Nottingham, England.
The discovery of potent and proven antagonists of transmission at glutamatergic synapses could be
- important in the development of chemical structures with potential anaesthetic or pesticide action. Venoms
‘from a variety of arthropods have been shown o exhibit both presynaptic and postsynaptic action at such
synapses with recent attention being focused on venoms of orb-web spiders (in particular Nephila, Argiope
and Araneus spp. l2"‘) from whictla low molecular weight (<1 kdaltons) toxins have‘been purified. We
report here oft a toxin (argiowxinm) of 636 daltons which has been isolated from the venoms of Argiope
spp. and Araneus gemma. The interactions of this toxin with the ionic channel gated by the quisqualate-

sensitive D-receptor found on the extrajunctional membrane of locust muscle are describied.
Metathoracic extensor tibiae muscles of adult Schiswocerca gregaria were pretreated with a solution
of 10°M concanavalin A 1) block receplor desensitisation. Recordings of the activity of single glutamate

D-recepwtlchannels were obtained using the megaohm scal patch clamp technique and a conventonal

two-electrode voltageclamp. Dilutions of argiotoxin,, (10M 10 10°M) and of L-gluamate (10°M 10

10M) were prepared in standard locust saline and applied via either the patch pipete’or the muscle bath.
Daﬁ were recorded on 1ape and subsequently analysed using a PDP 11/34 microcomputer and a Masscomp
MCS500. Single channel kinetics were initially characterised in terms of qualitative and quantitative
changes in overall parameters (channel open probability (P,), channel event frequency (), mean channel
open time (m o) and mean channel closed time (mc)) and subsequently in terms of dwell time probability
density functions (pdf's) , opea time and closed time aulocorrelation functions (acf's) and adjacent (i.c.
_open-closed) dwell timé correlations (adt's) (see 1"). : ‘

Argiowxin ., reduced the activity of the glutamate receptor-gated channel (GiuR). Although this
- change was a continuous process three types (TYPE I to W) of channel behaviour were clearly dis-
tinguished (see figure). Compared © CONTROL behaviour °, TYPE I behaviour was characterised by
reductions in P and f, an increase in m, and either no change in m, or, infrequendy, an incraase in this
parameter; TYPE II behaviour was characterised by fun!mraducﬁonsin?oand f, an increase in m, and 2
reduction in m: TYPE Il behaviour was characterised by an apparent absence of channe! openings. The
toxin-induced channel transitions always progressed in the direction of TYPE [II behaviour i.e.
CONTROL —» TYPE I - TYPEIl - TYPE ML

The time taken for these transitions decreased with inceasing concentration of argiotoxin,, , whether
patch pipette or bath applied, ie. TYPE I behaviowr changed to TYPE II behaviour after 115 s a1 10°°M,
75320 101 2M and ~55 s a 107 1M (N2). '

Quantitative analysis of lengthy recordings from single membrane sites revealed that channel open-

ings in the presence of :giomh“m more clusiered than normal. In one recording made in the
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presence of 10“M gluamate with 107'°M argiowxin,,, in the paich pipeae these clusierings were
particularty apparent and in this recording m,, was double that for CONTROL behaviour.

Subsequent anaiysis of CONTROL, TYPE I and TYPE 1 channel behaviour in terms.of their under-
lying pdf°s showed the mransitions between the different types of behaviour w0 be associated with first an
increase in the duration and congribution of longer closed times and second a reduction in the number of

A) | i Wm
e | Kinetic Parameters of Channel Behaviour Types

B) ‘W Type rshi » m_(ms) | m_(ms)
L s e ]

A) | CONTROL | 519 | 0.057 1.11 18.18

C>m«w~

B) TYPE! 2.5 | 0.035 1.20 3240

D)

O TYPEL 64 | 0.0035 0.55 155.4

lO_DA
L

100 200 30 @0 suo| D) TYPEIN - - - -
mllllseconds

open states. Acf analysis and adt analysis revealed a weakening and eventual loss of the positive correla-
tions between successive open times and negative comrelations between adjacent closed times whereas posi-

" tive correlations berween successive closed times remained. In the absence of toxin the glutamate doSe-
response curve showed an increase in Po and m, and a decrease in m. as the concentration of glutamate
was raised from 10°M 0 10°M *. Recordings made under similar conditions but in the presence of
argiononin,,, (10""M or 10'°M) (ailed 10 show any significart dose-dependent change in these parame-
ters.

The changes in single channel kinetics indicate that argiowxin a6 blocks the cation-selective
quisqualase-sensitive GluR in insect muscle at the level of the open channel thus supparting previous
macrosystem studies on locust ' and blowfly °. The results do not, however, exciude the possibility that
argjomxin“isalsocilha » closed channel blocker and/cr 2 competitive antagonist. The presence in a few
recordings during the i utial stages of anmgonism of increased clustering of channel openings with an
increase in m, rai .3 the possibility that the toxin also interacts ailosterically with the glutamate binding
site on the glutamate receptor.

The results of the study reported here encourage the view that argiotoxin . will be a useful tool in
neurophysiological research and stimulate studies on the other family of low molecular weight argiotoxins
in which the 2,4-dihydroxyphenyl chromophore is replaced by an indole chromophore.

(1) Bazeman, A., Boden, P, Dell, A Duce, LR.. Quicke, D.LJ. & Usherwood, P.N.R. Bram Res. 1985, 339 237.244.
(2) Kawsai, N, Miwa, A_, Saito, M., Pm-Hou, HS. & Yoshioka, M. J. Physiol, Paris 1984, 79 223.231.

(3) Kerry, C.J., Kics, K.S Ramsey, R.L., Sarsom, M.S.P. & Usherwood, P.NR. Biophys. J. 1987, 51 137-144.

(4) Kexry, C.J, Ramsey, RL., Sensom. M.S.P. & Usherwood. P NR. Biophys. /. 1987, (In press).

(5) Magazanic, LG, Anwonov, S M., Fedorowa, LM., Yolkova, TM. & Grishim, E.Y. Biological membranes 1986,

3(12) 1204-1219.
(6) Usherwood, PN.R., Duce, LR. & Boden, P. J. Physiol., Puris 1984, 79 241-245.
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Patch-clamp recordingﬁ of transmitter-activated ion channels in mammalian

sympathetic neurones.

by Alistair Mathie; M.R.C. Receptor Mechanisms Research Group;
Department of Pharmacology; University College London; Gower St.;
London WCIE 6BT '

in mammalian sympathetic ganglia, the fast chemical transmitter released
from preganglionic fibres to excite .postganglionic neurones is acetylcholine
(Aéh). ACh ilnduces a membrane current change by binding to neuroral
nicotinicc ACh-receptors. This causes, a conformational change in the
protein which a.l_lcws the flow of =mall caticns through an ionic channel that
is thoughi to be an integral part of that protein.

Mammalian neuronal nicotinic receptors are .known to differ from the
more widely studied muscle nicotinic 'réceptors . in terms of their
pharma;:ology. Recently, the structurd and functional properties of the
neuronal receptors have‘bezun to be characterised and these, too, show
' many differences from muscle. In dissociated rat sympathetic neurones, the

: ' cogdvetance
channels opened by ACh have a unitary,\(qr) of 35p$. They respond to a
single receptor activation with a bgrst of openings. - The distribution of
burst lengths can bs fitted by the sun: <I:f two exponential components with
time constants rp, = O.4ms and rpH; = 11.9ms (at -100mV and room
temperature)., The longer burst component 'ce.rries about 97% of the charge
and probably, therefore, has most relevance for synaptic transmission.

Mammalian chromaffin cells (which share the same embryonic origins as
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sympathetic neurones) have neuronal nicotinic receptors with very similar
properties:- a single channel conductance (y) of 39pS and a burst
distribution fitted by two exponentials with timé constanta vh;,; = 0.7m8 «a
rha = 9.5ms (at -100mV and room termperature).

Baving established the basic kinetic properties of these receptors it is
possible to study chemicals which block the ACh-current in neurones with
a view to understanding their mechanism of action in more detail. Two
c};e\nicala which reducs the ACh-current in both the cell types described
above are (a) clonidine, an a-adrenoceptor agonist used Lherapeutically in
the control of hypertension, which reduces the IACﬁ-current as an
additional unrelated effect and (b} K-bungarotoxin (kappatoxin) a snake
toxin which selectively blocks the neuronal ACh-current and is proving a
useful tool in locating nicotinic receptors in the brain. These two
chemicals appear to have quite different mechanismas of action. Clonidine
has no effect on the unitary conductance of single ACh—channels, but
markedly reduces the burst length of the éhannela in response (o receptor
activation suggesting that it acts, either, by directly blockfng the channel
or by binding to a site in or close to the channel thereby altering its
gating. Kappatoxin also has no effect on the unitary conductance of the
ACh-channels but neither does it appear to alter the gating of the channel.
This suggests that kappatoxin may act by directly binding to the receptive
sites for ACh on the protein. This would reduce the number of receptors
available to ACh and hence reduce the ACh—current; without affecting the

properties of the remaining ACh-receptors free for activation.
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Glutamate activated membrane channels in crustaceans

J.Dudel

Physiologisches Institut der Technischen Universitit Minchen
Biedersteiner Str. 29, 8000 Minchen 40, FRG

TwWo Classes of membrane channels activated by glutamate are known
in crustaceans: "excitatory” channels which pass small cations,
and "inhibitory" channels permeable to chloride ions. Both have
been studied in cell-attached or excised, outside-out and inside-
out membrane patcpes of muscle membrane of crayfish (3-5). Glu’ a-
mate and related substances were applied to the Sutside of the
membrane either continuously, or in well defined pulses employing
. the liquid-filament switch (6). : ,
The excxtatory channels’ are activated by qu1squalate and gluta-
mate, and not by kainate ‘and NMDA. They are permeable to Na*,
K*,Li*, ca?*, Ba?* and Mg?* (in decreasing order of permeability)
(7). The single channel conductance is about 100 pS (4,7). The
single channel openings have an average duration of about 0.2 ms.
They are Qrouped in bursts, the duration of which increases from
0.3 to 1.3 ms in dependence on the glutamate concentration (0.1 to
20 mM) (1,4). At a constant glutamate concentration, the rate and
the duration of bursts declines with decreasing extracellular ca?*

concentration; at less than 2 mM‘Ca2+ practically no channel ope-

nings are observed (8). When glutamate is applied in pulses, maxi-

mum activation of (up to about 20 channels/patch) can be reached
within less then 1 ms.Activation is followed by rapid desensitiza-
tion. In one type of channels,  the average current declines with a
time constant of about 5 ms to a low level of continuous activa-
tion (6).’In a second type of channels, the average current de-
clines with about the same rate, but desensitization is complete,

with no channel openings in the presence of glutamate after one
initial burst (2).

An "“inhibitory" channel permeable to chlorlde ions is actlvated by

quisqualate, glutamate, GABA and ﬂ-guanxdlno-proplonlc acid. (in

decreasing order of pctency). The channel conductance has 3 sub-

states with a basic state Y; = 22 pS and two higher states of
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2 v; and 3 v, (in symmetrical high chloride). While quisqualate
and glutamate preferentially activate the first substate, a high
proportion of openings to the second substate is elicited by GABA.
Picrotoxin blocks activation by GABA, and less well that by gluta-
mate (S). Low Ca?* concentration increases channel activation,
especially by GABA. The substates have generally two componeﬁts in
' the open time distributions. The openings are grouped in bursts
for which also two components of on average 3 and 35 ms duraticn
are observed (5). Pulses of glutamate or of GABA activate the
chloride channels relatively slowly. Peak activation of up to
several hundered channels per patch is reached after more than 10
ms. Then the average currents decline with a time constant of
about 3C0 ms, but about a third of maximum activation remains in
continued presence of the activator.

(1) Dudel J., Franke Ch. (1937) Pflugers Arch. 408:307-314

(2) Dudel J., Franke Ch., Hatt H., P.N.R. Usherwoad (1988)
Pfligers Arch., in press

(3) Franke Ch., Dudel J. (1987) Pflugers Arch. 408:300-306

(4) Hatt H., Dudel J. (1986a) J. Comp. Physiol. 159:579-589

(S) Franke Ch., Hatt H., Dudel J. (1986b) J. Comp. Physiol. A
159:591-609 . '

(6) Tranke Ch., Hatt H., Dudel J. (1987) Neurusci Lett. 77
199-204

(7) Hatt H., Franke Ch., Dudel J. (1988) Pfligers Arch.
411:8-16 -

(8) Hatt H, Franke Ch., Dudel J. (1988b) PflCgers Arch.
411:17-26
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Toa Channels in Artifcial Lipid Bilayers.
MSLP. Sansom
Department of Zoology, Nottingham Uriversity, University Park, Nottingham, NG7 2RD.
The reconsutution of ion channels into planar lipid bilayers is an important tool for probing the rela-
tionship berween channe! function and molecular structure. The method may be used w:-
a) transplant a channe! from its native memh_ne ino 8 novel lipid environment 0 as to study éhannql-
membrane interacuons, |
5) demonstrate that a punified recepror prosein wll form funcuional ion channels: and
¢) study the properues of simple models of ion channels.

We are interested in all three of these applications.

Vanous experimental configurations are svailable for ion channel mmmmuon We have used for-
madion of planar dilayers at the ups of ﬁnch clecrodes, um' gives improved temporal resclubon and
higher signal-to-noise ratos. The bilayer is formmed by moving a pacch ekm out of and then back into
an electrolyte solution which has 2 lipid monolayer formed upon its surfxce’. Qsing this method. we have
imestigoted:.

2) ion channels formed by simple pepude molecules: and '

b) putative recéptot-chmne!s from locust CNS and muscle membranes.

To date, the majonty of studies on model channels have conceatraied on the anobitic gramcdin,
Whi..c providing us wnth strucaral insights im0 ion channel propertes, the B-helix formed by the aliermat-
ing D.L amuno acid sequence of gramicaidin cannot be adopted by chamne! proteing, and therefore investigs-
uons of peptdes containng only L-amino acids are of importance. As there has been considerable inwerest
in the wterpretation of on channel amuno xcid sequences in terms of rans membrane a-helices, we are
keen 10 study model channels formed by a-helical pepides. ‘Such peptides are genenaily amphipathic and
haemolytic, and are thought 10 form a-helical clusters in the membrane, with the helit axes approximately

perpendicular o the plane of the bilayer.

We have studied two such peptides, Soth of which farm highly amphipathic a-helices: . the 8-ioxin of
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Staphylococcus awew , and mastoparan from the venom of the wasp Vespa lemisi. Both {orm ion chan.
nels in hilayers of diphyanoyl phosphaodyicholine at pepude concentrations of ca, 1 uM. & Toxin chan-
nels exhibit two conductance classes - “small® channels of ccaductance 70 - 100 pS. and “large” channels
of conducunce ca. 450 pS. The lacer may be reasonably approximated w by diffusion limited pores
formed by hexamerrc clusiers of a-helices. Current-voitage relationships of membranes exposed w rela-
uvely migh concenaatons of 5-woxin were symmetnical about 0 mV, and revealed both voltage-dependent
and voluage-independent components 1o channel gaung. The conductance ot 0 mV was ptopomond 10 ca
the 7th power of the toxin concentrauon. The channels were weakly caton selective, the ”“small® channels
more 3o than the “large”. These results have been interpreied in werms of the hexameric model of the §-
oxin channel first proposed by Freer and Burkbeck®.

Mastoparan nofimaeﬁ in that 1t is only 14 resadues long, andso@ldhepmdicwd o (orm helices
rather 100 short, at 2.1 am, 10 spen the lipid budayer. However, it has been shown to form on channels.
Current-voitage relationships were makedly asymmetnc, revealing that channels only form when the
peptide containing comparunent is held at 3 posiive polenaal. Again, these results have baen inierpreted in
terms of the known struc ture of mastoparan.

More recently, we have invesugated the possibility of mmumo. of ioa channels from locues CNS
and muscie membrane fractons. Encourapng prelimunary resuits will be presenesd. The aim of this work is
10 reconsutute the Jocust muscle glutamaie recepior, 50 as 10 enable detauled investiganons of the effect of

the novel membrane envuonment on ion channel biophyncs.

References.

1) Coronado, R. snd Latorre, R. (1983) Biophys. J. 43, 231.236. Phospholipid trlayers made from mono-
layers on paxch-clamp prpettes.
2y Freez, ] K. and Bukbeck, T.H. (1982) J. Theor. Biol. 34, $35-540. Possible conformation of delt-lysin,

a membrane damaging peptide of Stapaylococcxs awreus.



MOLECULAR RecoGNITION, STRUCTURAL DISSIMILARITY AND FUTURE
DeveLoPMeNTs 1IN QSAR

Or P.M.Dean, Deépartment of Pharmacology, Universiry of Cambridge, Cambridge. -

In the past the incorporation of dissimilar molecular structures into QSAR has
been omitted. There are two principal reasons for this neglect: firstly, quantitative
methods for matching dissimilar molecules have been slow to emerge; secondly, few
workers have attempted to understand the problems of pattern sensing. This paper
tackles both deficiencies. | |

For a drug molecule, or pesticide, to show biological activity it usually has to
bind to an active site on an enzyme or receptor molecule. If two molecules bind to a
shared set of site points we may infer that they possess a complementary set of ligand
‘points with similar functional chemical properties even though their bonding
topologies may be dissimilar. Where the active face of one molecule is known, or can
be inferred from systematic chemical modifications linked to QSAR studies, then a
second dissimilar molecule can be rotated until 2 maximal pattern match between the
two binding faces is obtained. This pattern matich can be found for any 'given surface
motif by minimization in rotational 3-space. A more complicated situation arises
where the binding motif is unknown. [n this case pattern sensing on the surface of
both molecules has to be studied by blind searching to identify common features on
each molecule within a specified search window. Optimized pattern matching and
pattern sensing methods have been developed by combining 3- or 6-dimensional
minimization techniques with hierarchical cluster analysis. '




STRUCTURE=-ACT Y STUDIES OY MAMMALTIAN
EC R S.

GLUTAMATE R
Jeffrey C. Watkins.
Department of Pharmacology, The Medical School, Bristol, England BS8 [TD.

There are at least four types of excitatory amino acid (EAA) receptors in the
mammalian central nervous system, those activated by the preferential agonists
N-mechyl-ﬁ—agpartateﬂ(NHDA), quisqualate (Q), kainate (K) and L-2-amino-4=-
phosphonobutancate (L-AP4), L-Glutamate is 2 mixed agonist capable of active
ating each type of these receptors and is probably the transmitter acting
physiologically at all fopr Eypes.
NMDA RECEPTORS
These are by far the best characterized receptors. Structure-activity relations
for NMDA receptor agonists can be summarized as follows: (i) L-Clutamato has
the highest affinity ol all agonists yet tested (1i1) Clutamate-length
agonists generally have higher activity than aspartate~length agooists ¢(111) Either
D or L forms of agonists with. primary amino groups cin be accommodated by
the receptor, enantiomeric preference varying in different pairs (iv)
Substitution in the amino group is usually deleterious; NMDA s an exception,
having equal affinity to D-aspartate (which.vhove§cr. {s taken up rapidly and
is less effective than NMDA as an agonist {n intact ti{ssue) (v) Substitution
in the carbon chain is generally also deleterious, but the C-4 position of
glutamate is the least vulnerable (vi) The w-terminal group of agonists {s
pfcfcrably carboxyl, though scme y-sulphinic and w-sulphonic acids also have
high acﬁivi:y; w=paosphonic acids generally have only weak agonist activity.
Competitive antagonists are generally acidic amino acids in which (a) the
a-aminoﬁcthylcarboxylic scid terminal has the R configuration (i.e. they are
D amino acids) (d) the chain separating the two scidic groups is one to three
atoms longer than that present in the molecule of glutamate and (c) the
w~acidic terminal {s phosphonic (preferably) or carboxylic, with w=-sulphonic
acidl‘being much less active. The most potent coupeii:ivc intagonisfs yet
reported have the g-amino group incorporated {n a ring structure, for example,
3=-((*)=2-carboxypiperazin~4-yl)propyl-l-phosphonate (CPP) and cis-2-carboxy-
ptperﬁﬂn -4~yl-methylphcsphonate (CGS 19755). A large range of non-competive
antagonists has also been characterized, including ketamine, phencyclidine ‘
and the very potent MX 801,
Q RECEPTORS ‘
It {s usually difficult to differentiate K and Q receptors in the central
nervous system. Differentiation vas originally made on the basis of the
selective depression of quisqualate responses by L-glutamic acid diethyl ester
(GDEE). Quisqualate may oot be as selective for such GDIZ-sensitive sites as
the synthetic analogue AMPA (q-amino-)-hydroxy-S-methyl-isoxazole-4-proplonic
acid), which, unlike quisqualate, does not inhibit binding of BH-kninato.
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2.

Potent and selective antagonists for Q receptors have proved difficult to
develop and, until recently, apart frowm GDEE (a notoriouslj'weak and
unreliable antagonist, probably acting non-competitively), only non-selective
NMDA/K/Q antagonists were available. In conjunction with specific NMDA
antagonists, such broad-spectrum antagonists were useful for classifying
receptors 1§volved in synaptic excitatioﬂ as either NMDA or K/Q types,
but not for differentiating K- and Q-type synaptic receptors. These broad
spectrum antagonists included kynurenic acid, i-p-chloro~ (and p-bromo)-

" benzoyl-piperazine~2,3-dicarboxylic acids, ﬁ-D-glucmylglycine (YDGG) and
Y—D—glutamylaminome:hyl‘sulphonate (Gams). However, two new Q raceptor
antagonists recently described (FG 9065 and FG 9041) are considerably more

potent and selective, and appear to constitute a major step forward in this

'

area.
K RECEPTORS . .

The strict structural requirements for potent inhibition of 3H-kaihate

binding to rat brain membranes suggest that such binding cechniquéé are

the best way to investigate affinities for the K receptor. ' Domoate

(a related substance likewise extracted from a Pacific alga) is the most

potent analogue, and the syuthetic kainate analogue a-keto kainate also

retatqs high activity, Both these substances are agonists in electro-
physiological cxpéfiments. Most of the broad spectrum EAA antagonists
mentioned under Q receptors (above) appear somewhat more effective as
depressants of kainate-induced responses than of quisqualate-induced

responses, though the degree of differentiation in ionophoretic experiments

in vivo is not sufficiently high in any case for définitivelbharacteriza:ion

of svnaptic responses. Recent experimenﬁs have indicated thiﬁ 3~-hydroxy=-6,7-
dichloro-quinoxaline-2-carboxylic acid aay be the most potent and selective .
kainate receptor.aﬁtagonist-yet reported. However, the two quinoxaline
derivatives FG 9065 and FG 9041 also have high kainate ahtagonist activity

and further selectivity data on these threevcompounds is awaited with interest.
L-AP4 RECEPTORS ' ‘

The classification of these receptors arose froulthc obsetQatioq that L-AP4
depressed synaptic respoases in the hippocampus and spinal cord, but did

not depress responses to NMDA, kainate or quisqualate. These receptors may
be autoreceptors, located presynaptically, and acting to reduce the release

of excitatory cransmitters.v In the retina, L-AP4 mimics L-glutamate in
hyperpolarizing ON bipolar cells. The pharmacology of L~AP4 effects in

the hippocampus has been studies in some detail, but potent agonists or

antagonists have yet to be reported. -
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The Use of Multivariate Analysis in Toxicological Studies

David W Salt?®* and Martyn G Ford?2

1 Department of Mathematics and Statistics
2 School of Biological Sciences
Portsmouth Polytechnic
Portsmouth
Hampshire

When neurotoxicants are applied to excitable tissues, a rande
of responses 1is observed. The variables describing these
responses may include the frequency, height and shape of action
potentials; the pattern of depolarization and hyperpolarization
abserved at short and long term responses; and the
concentrations of drug or pesticide necessary to elicit fixed
responses under standard conditions. Assays designed to evaluate .
these‘phenomena therefore give rise to a multivariate data set
which we shall term the response set. It is wusual for
neurotoxicological assays to be conducted on only one of these
variables, selected a priori as an indicator of toxicity.
However, the choice of an appropriate response variable is often
arbitary, based on no prior knowledge of .its usefulness as an
indicator ot the activity of the compound in the whole organism.

The neurotoxicological responses produced by a series of
related compounds will depend on the molecular properties of the
applied materials. The relationship between chemical structure
and biological activity is important for the rational design of
‘novel drugs and pesticides. The molecular properties of a series
of compounds can be summarisad in terms of a number of
descriptor variables which may either be observed, or predicted
by empirical or theoretical calculations; in general the greater
the number of variables, the more complate the description of
the molecular properties of the series. Molecular properties
will therefore give rise to a second multivariate data set, the
descriptor set.

Any investigations of the properties of the two data sets and
their associations will be difficult, but necessary, if a full
understanding of the processes underlying toxicity and the
relationship between these processes and molecular structure is
to be qgained. One approach involves the use of multivariate
statistical procedures which attempt to summarise the tendencies
and associations within and between data sets in terms of
vectors lying between coordinates representing the variables of
interest, This paper will describe a number of these statistical
procedures in an attempt to illustrate their utility in the
study of structure-activity relationships. Examples based on the
application of pyrethroid insecticides to intact insects and
insect excitable tissues will be presented and discussed. [t is
"hoped that this account will encourage neurotoxicologists and
chemists to use multivariate statistical techniques as an aid
to the prediction of nouvel structures  for drugs and
insecticides, thus gaining a better understanding of their mode
‘of action. :
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. A MULTIVARIATE QSAR STUDY OF PYRETHROID NEUROTOXICITY BASED UPCN
MOLECULAR PARAMETERS DERIVED BY COMPUTATIONAL CHEMISTRY

David J. Livingstone
Wellcome Research Laboracaries,'Beckenham, Kent, BR3 3BS, Eangland,
Martyn G. Ford & David S. Buckley

School of Biological Sciences, Portsmouth Polytechnic, Pertsmouth, Hants.,
PO1 2DY, England.

Chemists and neurobiologists interested in :ﬁe relationship between bio-

logical activity and chemical structure are involved in a search for
correlations between biological data and physicochemical descriptors, with
th? aim of developing more potent analogues through an understanding of
theif mode of action. Using the '"traditicoal™ :echﬁiques of QSAR, the

number of molecular descriptors available to an investigator is limited;

the increasing use of dCompucer Chemistry" in QSAR studies has made it’

possible to calculate- large numbers of descriptor varjables for such sets
of compounds. However, the ability to descriﬁe chemical structures in this
detail may lead to problems in the statistical analysis of the data makihg
it necessary to use multivariate methods. Similarly, biological tests may
generate a number of "bialogical" responses, particularly for in vitro
neurotoxicological tes:sl. Thus the problem is multivariate with réspect

to both the biological and physicochemical data.

In the example reported in this paper, a series ofl subseituiea . benzyl
cyclopropane~l-carboxylates has begn studied in vhich simple changes in the
ring substituents produce profound changsas 1in neurotoxicological and
insecticidal potency of the compounds. These synthetic pyrethtoidsvare
well suited to the prediétion of properties by computational chemis;tyg 70

parameters vere calculated for a set of 21 compounds which were "built" on
' 2

the basis of the crystal structure of CYPERMETHRIN®. The biological data
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set corresponding to this physicochenical data consisted of [0 response

measurezents.

The methodology used to reduce these data matrices to manageable propor-

tions will be described and the following conclusions discussed.

(D

(2)

(3)

The molar threshold concentration (MTC) neceéséry just to elicit a

response in perfused isolated haltere nerves of the housefly (musca

domestica) was found to correlate with the atom charge of a particulér

aromatic ring carbon,

Neurotoxicity was found to be composed of two factors, the first link-
ing both killing and knockdown activity while the second was mainly
associated vith knockdown. This second factor, therefore, prsvides a
discrimination betwveen knockdown and killing action for this set of

pyrethroids.

The first factor was assoclated with .those neurotoxicological
responses such as nerve block which are diagnostic of type Il action3.
The second factor was associated with the bursting behaviour of

pyrethroid treated nerves which is characteristic of type I action3.

Buckley, D.S., Ford, M.G., Leake, L.D.; Salt, D.W., Burt, P.E., Moss,
M.D.V., Brealey, C.J. & Livingstone, D.J, in "QSAR in Drug Design and
Toxicology"” ed. Hadzi, D. & Jerman-Blazic, B., 1987, Elsevier,
336-339.

Owen, J.D., J.Chem.Soc. Perkin Trans I, 1975, 1865-1368.

Cammon, D.W., Brown, M.A. & Casida, J.E., Pestic.Biochem.Physiol. 13,
1981, 181-191. ‘ '
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QUALITATIVE AND QUANTITATIVE MODELLING OF DRUGS AND PESTICIDES

|

lemming S. Jergensen, Jette R. Byberg and Povl Krogsgaard-Larsen
Department of Chemistiy BC, Royal Danish School of Pharmacy,
Universitetsparken 2, DK-2100 Copenhagen, Cenmark

James P. Snyder
Drug Design Section, G.D. Searle Research and De "2lcpment,
4901 searle Parkway, Skokie, Illinois 60077, U.S.A.

Structure-activity relationships are extremely important for
gaining a better understanding of the mechanisms associated
with the activity of drugs and pesticides. Molecular modelling
and computer graphics techniques have in the last two decades
made it possible to study the three-dimensional aspects of drug

receptor interactions in a very efficient way. Simultaneously,
. the application of gquantitative structure-activity relationships

based on the Hansch approach has matured considerably. Today
the combination of these two approaches seems to lead to a very
powerful tool for the design and development of new biologically
active compounds.

To illustrate some of the possikilities as well as some of the
problems associated with these methods three different examples
will be presented: ‘

In 1983 Schulman and coworkers published a three-dimensional
model for recognition of muscarinic agonists.l/? The model was
based on conformational analysis of nine more or less rigid
compounds being potent muscarinic agonists,

After publication of the model several of the assumptions behind
the model have been questioned.3.4.5 The basis of the model will
be outlined together with a short discussion of the criticism.of
the different assumptions.

Finally, some suggestions for developing an improved model for .

muscarinic agonists will be presented.
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For a series of structurally different pyrethrLid esters being
potent insecticides the strategy behind a determination of the
pyrethroid pharmacophore will be presented,

Problems to be addressed will include:
.. selection criteria for the compounds used £ér the
pharmacophore mapping,
superposition of the essential features of ;he compounds
in order to achieve maximum molecular si imilarity, and
.. evalaluation of different superpos1tlons/pharmacophores.
|
The pharmacophore mapping led to a three-dimensional mcdel for
the acid and alzohol moieties, respectively6 Some of the
problems associated with combining these pharmacophores and
establishing a guantitative model for pyrethropd activity will
briefly be discussed.

Based on a series of conformationally restricted glutamic acid
derivatives a three-dimensional modzl for the recognition of
QUIS/AMPA agonists has been decuced,

The model makes it possible to classify some of| the surroundings
as either "allowed" or "disallowed". One consequence of the
model, the possibility for predicting the stereoselectivity of
QUIS/AMPA ageonists will be discussed. |

Attempts to develop a quantitative model by placing counter-
molecules, resembling an artificial receptor site, around the
model have been made. Some of the problems, possibilities and
limstations of such a model will be presented. |

|
|
|
|

l. Schulman, J.M., Sabio, M.L. and Disch, R.L. J. Med. Chem.
(1983) 26 817-823. . ‘ |

2. Tollenaere, J.P. Trends Pharmacoi. Sci. (198;) 5 85-86.
3. Snyder, J.P. Trends Pharmacol. Sci. (1985) 6 464-466.

4. Weinstein, H. Trends Pharmacol, Sci. (1986) l 262-263.
5. Gualteri, F. Drug Design and Delivery (1987)£in press,

6. Byberg, J.R., Jorgensen, F.S. and Xlemmensenl P.D.
J. Computer-Aided Molecular Design (1987) in|press.
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The dynamic basis of selective toxicity

Martyn Glenn Ford
School of BRiological Sciences,‘Portsmouth,Pclytechnic, Fortsmouth,
Hampshire, FO1 2DY, '

Quite small modifications to the molecular properties of
drugs and pesticides can result in substantial changes in
biological activity. Different compounds of similar chemical class
acting at the same site of action can show relative toxicities

(neasured as 1/LDS®) in excess of 100,000; the susceptibility of’

‘different species to the same toxicant cam vary by a similar
factor. Such selectivity can 'prove beneficial. The control of
target pests . at commercial doses too low to threaten non-target
organisms 18 a useful agrochemical property, and a ‘'large
therapeutic ratio is a necessary property for the safe use of
clinical pharmaceuticals. Selective toxicity can sometimes lead to
serious problems in the use of drugs and pesticides, however. The
development of strains of organisms resistant to biologically
active compounds, for example, can result in their premature
withdrawal from commercial use,

A number of processes may . be associatad with the
establishment of selectivity. These may be broadly classified as
pharmacokinetic processes, which act to modity the'exposure of the
site of action to a ‘drug or pesticide, and pharmacodynamic
- processes ,which determine the strength and mode of binding of the
ligand to the receptor and, as a result, may perturd second
messenger signalling systems. This paper will review the influence
ot pharmacokinetics and pharmacodynamics on the selective toxicity
of insecticides. : .

The toxicity of a compound may vary in a dynamic manner
with time after application. The influence of elapsed time on the
absolute toxicity of a poison can be atiributed to cHanges in the
definite integral which defines internal exposure to the toxicant.
Factors such as rates and extent ‘of penetration, binding,
detoxification and elimination all modify erposure to result in
changes in relative potency with increasing time after treatment.
Examples based on investigation of the mode of action of pyrethroid
insecticides applied to various insect species suggest that
penetration and non~specific binding may be important during the
early stages of poisoning. At longer elapsed times when death
accurs, elimination of insecticide from the insect body may
dominate pharmacokinetics and thus be more crucial in determining
relative toxicity. -
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Studies of the action of synthetic pyrethroids on
lepidopterous larvae suggest that the gut plays a major role in
elimination of penetrated insecticide, largely through

regurgitation of (and possibly chemical degradation byv) the gqut
contents. Loss of gut contents is associated with acute dehydration
of larvae, but there is little evidence to substantiate the view
that death occurs as a result pyrethroid induced water loss. Steady
states levels of pyrethroids are achieved within a few hours of
topical application. The ability of this caterpillar to degrade
pyrethroids seems limited by the low rates of in vivo
detoxitication observed in the various insect' tissues. The more
‘rapid rates of detoxification reported during in vitro degradation
by tissue extracts may be misleading, since barriers restricting
the availability of pyrethroid to detoxifying enzymes may be
destroyed during the extraction process.

The relative neurotoxic potency of different but related
insecticides is i1nvariant of insect species, although absolute
Neuroto:icity can vary markedly between species, This suggests that
phar macodynamics may - profoundly 1influence the whole animal
toxi1ci1ty to different species of a particular compound 1n a class
of insecticides, but ie less likely ¢to contribute to relative
changes in the potencies of a series of compounds tested against
the same species,
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PEHARMACORINETICS O INSECTICIDES IN INSECTS.
Clive J. Brealey.

Wellcome Research Laboratories, Ravens Lane, Berkhanmsited, Herts, England,
HP4 2DY.

Pharmacokinetics can be considered to include all the procssses which occu:
between deposition of an insectide on the surface or in the gut of an
insect and its arrival at the target site macromolecule. In the pesticide’
industry valid inferences about the penetration and ametabolism of an
insecticide are often made on the basis of experizents using different
dosing routes, foraulations and synergists. However thers seeas to be no
.substitute for quantitative measurements on the rates of penetration,
routes of astabolisa and insecticide concentrations in specific tissues.
Examples of the different approaches to the use of pharmacockinetics in
insects are discussed., " .

Simple comparisons between speclss or strain for exteranal and internal
anounts of paren% insectide and key metabolites can largely explain r:sist-
ance phenotypes. The resistance of the yellov fever mosquito to DDT ard
permethrin is readily described by measurements of penetration and
.metabolism : not only is DDT converted to DDE more extensively in two

. resistant strains tut target site insensitivity (xdr)is also present and
this latte; mechaaisas exclusively accounts for cross-resistance to
permethrian °

A more general quantitative cogsidaration of penstration using computer
models as previously described® i{s a useful tool when data are availabl:

on a larger number of structurally-related analogues. Hdowever these model:
do not account for complications of the penstration process caused by
toxic action of a compognd. In the locust insecticide poisoning causes
‘regurgitation of fluid . A similar loss of fluid from the mouthparts of
the housefly and Svodopters littoralis larva appears to ciuse a
redistribution of insecticide from inside to outside of the insect with a
corresponding discontinuity in the penetration curve.

Definitive assessments of metabolism require in vivo studies with
radiolabelled compounds . Howvever the coambined use of in witro model
systems for metaboliasm and in vivo studles can provide rapid anasvers to
metabolisa questions. The pharmacokinetics and metabolism of two )
insecticidal lipid amidee (figure 1, I and II) have been studied in the
Housefly in vivo and rat liver microsomes in vitro. Differences in
internal conceantrations of the compounds are related in part to the
enhanced opportunities for epozidation with the introduction of additional
unsaturation into the aolecule”.

Motabolism in insects is s dynazic process where the insecticide-meta-
bolising enzymes are susceptible to rapid induction . In particular
aultiple foras of cytochrome P-450 are selectively induced as in manmmalian
systemn. An' example is found in the housefly whers clofibrate causes a
specific change in the ratio of lauric acid hydroxylation at the 11- and
12-positions without a largs change in the total cytochrome P-450 content.
ghenobarbital causes a specific increase in bdenizphetazine N-demethylation

Finally, the concentratioa of.sn insscticide toxicant can be measured in a
target tissue in vivo at doses causing toxiclty. These estizates can te
coapared with estizates of the potency of the toxicant in a comparable in

vitro assay systeam. For example the comcentration of permethrin in the head
" ganglia of houseflles at a toxic ddde can be compared vitg estinates of
concentrations disruptive to the nervous systes im vitro




Figure 1. Insecticidal 1lipid 5311037.'
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NEUROPHYSIOLOGICAL ASSAYS FOR THE CHARACTERIZATION AND
MONITORING OF PYRETHROID RESISTANCE

Jeffrev R. Bloomquist

Department of Entomology, New

Umiversity, Geneva, NY 14356 USA

Knockdown resistance to pyreth

continued use as agricultural insect

York State Agﬁculwnl Experiment Station, Corne!l

oids rerm.iins a major problem with respect to their

cides. This type of resistance was originally described

in the housefly, but has been propoFed as a resistance mechanism in other species as weil.

The presence of knockdown res
synergists, but must be cloln:'xmmd
abnormal nerve functionin prepary
insecticide exposure or higher inse
suscepubie strains, Monitoring for
difficult, for altheigh they can d

intensive and cannot be used to p

stance is ofien inferred from toxicity studies with
using electrophysiological methods. Production of
tions from resistant insects requires longer periods of
cticide concentrations than in equivalent assays from
pyrcthmild resistance with hcurophysiological assays is
brect resistance in individual insects, they are labor

tocess the large number of samples needed to detect

resistant alleles present at a low frequency. Moreover, although physiological studies can

demonstrate rduced sensitivity of

the underlying resistance mechanism.

The most intensively studied exam

the nervous system, they cannot by themselves define

ple of knockdown resistance to pyrethroids is the kdr

factor of the housetly, but this factof is not necessarily equivalent to kdr-like traits observed

in other species. OQur recent studies on a temperature-sensitive paralytic mutant of

Drosophila melanogaster provide e

this insect that confers broad cros

idence for an unvoual kdr-like resistance mechanism in

$ resistance (o pyrethroids and DDT. Physiological

assays confirmed that the resistande is expressed at the 12vel of the nerve by recording

spontanecus and evoked activity in the fibnillar Night muscles of poisoned flies.




NEUROPHARMACOLOCY AND MOLECULAR GENETICS OF NERVE
INSENSITIVITY RESISTANCE TO PYRETHROIDS

David M. Saderiund

Depaniment of Entomology. New York Siate Agriculrural Experiment Station, Cornell
University, Geneva, NY 14436 USA

Resisiancs to pyretiroids confermd by reduced seasitivity of the nervous system has been
detecied in several insect species and has been documented in considerable deais in the
"housefly. In this species, the «dr and super-¢dr waits represent allelic variants at a single
locus that confer broad cross resisiance to DDT, DDT analogs, and pyrethroids. Three
mechanisms have been profosed to aczount for reduced neuronal sensidvity: reduced
number or density of the insecuic:de targat site; alterations in the lipid composition of
neuronal rmembranes; and ali¢rations in the insecticide-binding domain of the target

macromolecule.

Because of the central role of the voltage-sensitive sodium channel in the actions of
pyrethroids on nerves, mechanisms of reuced neuronal sensitivity are likely to involve
changes in the number, environment, or properties of this site. The density of sodium
channels in neuronal membrane preparations can be estiaated by the specific binding
capacity of these preparadons for [*H}saxitoxin. Comparison of the sumber and properties
of the binding sites for this ligind in head membrane preparations from susceptible and kdr
heuseflies revealed no differences berween strans. These findings tend to ruls out reduced
1argat site number as a mechanism underlying the kdr tait in the housefly, but this
mechanism may conaribute to reduc:é reuronal sensitivity in other species.

To distinguish between between the remaining two proposed mechanisms of reduced
neuronal seasitivity, it is necessary to separate the effects of membrane environment from

those involving structural changes in one or more binding domains of the sodium channel.
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Mammalian sodium channels can be purified and reconstituted into artificial membranes,
but these methods have not been successful to date with insect sodium channels.
However, two aproaches based on the molecular biology »f vertebrate sodium channels
offer alternatives to purification and reconstitution. First, injection of mRNA into cocytes
of the frog Xenopus laevis results in the synthesis and functional incorporation into the
oocyte membrane of a variety of neurotransmitter receptors and ion channels. The
successful e:‘(pres'sion and pharmacological characterization of insect sodium chanrels in
the oocyte membrane would enable the comparison of the -roperties of channels from
susceptible and kdr insects in the absence of strain-specific differences in neuronal
membrane properties. Second, a gene has been cloned and sequenced from Drosopiila
melanogaster that. is very similar in structure and organization to the sodium channel gcncg
- previously described from electric eel and rat brain. Although the functional identity of the
Drosophila gene product remains to be demonstrated, probes derived from this gene may
provide points of entry for the cloning and structural characterization of sodium channel
genes from susceptible and kdr insects. Our current research efforts are directed at
. exploring the utility of both the Xenopus expression assay and probes derived from the
putative Drosophila sodium channel gene to characterize sodium channels in the housefly

and determine the molecular basis of the kdr phenotype. :
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ICN CHANNELS Ctr INSECTS SUSCEPTIBLE AND RESISTANT TO INSECTICIDES

D.B. Sattelle,1 C.A. Leech, L os.c.r. Lummis,1 B.J. Harrison,l
J.A. David,1 G.D. Mcores,2 AW, Farnham,2 A.t. Devonshire2

' AFRC Institute of Arable Crops Research: 1Unit of 1Insect
Neﬁrophysiology and Pharmacolegqgy, Départment of Zooiogy,
University of <Cambridge CBZ2 3EJ,v U.K. and 2Departmen: ct
Insecticides and Fungicides, Rothamsted Experimental Station,

Harpenden, Herts, ALY 2JQ, U.X.

Although the scdium channel is generally considered to be
the critical target for pyrethrcid insecticidesl, GABA receptors
and calcium channels have also been advanced as potential target
sites for the pvrethroid insecticides. All: three chanpels can ke

found in the membrane of a single identifiable cockroach

(Periplaneta americana) motor neurone, and their relative

sensitivity to the pyrethroid insecticide deltamethrin‘hés been
ccmpared. -

Resistance t§ pyrethroid insecticides would threaten their
major role in rest ccntrol wcrldwide.2 To study the ﬁolecular
basis of pyrethrcid resistance, we have examined the properties
of sodium channels in susceptible and kdr (knocxdowﬁ resistant)

strains of the housefly Musca dcmestica. The kdr strains are

extensively backcrcssed into a susceptible background to minimise

genetic differences.

It has been suggested that a change in channel number is the
basis for kdr]. A multidisciplinary experimental approach has
ceen adopted in order to characterize the density, molecular sizn

and func:ion of scdium channels of Musca domestica. This

includes the use of radiclabelled probes specific for different
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subsites on the <channel molecule, together with radiation
inactivation, and microelectrode recording from axcns in the
connectives linking the brain and thoracic ganglia of aéult
flies. Successful dissociation of Musca neurones in short-term

culture has also been achievéd; and these cells are providing the

substrate for patch-clamp.electrophysiological investigations.

Evidence to date indicates that changes in channel density probed
by 3H-saxitoxin binding are unlikely to be the major factor in
kdr. The problem is suited to molecular biological approaches to

the study of sodium channels in susceptible and resistant forms.
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EFFECTS OF PROCTOLIN OF THE
FCRE AND BITD GUT OF TAHE LgcCcus?t
SCH [ sTo0c E RCA GREGARIA

S.E. ﬁanner. L. Seéle. R.H. Cshorne and K.J. Cattell

Pepartzent of Science, Bristol Polytechnic, ColdharZour Lase, Frenchay,
Bristol, 3S16 1QY :

The neuropeptide proctolin (ARG-TYR-LEU-PRO-THR) has been found in the
nervous tissue of some insects '. In additton, proctoiin has been shcwn
% to be a powerful stimulant of the hind gut of the locust Locusta
aigratoria #hile we * dave shown that proctolin causes comtraction of
the isolated foregut of Schigtocerca gragaria. . The aim of this study
was to compare tie effacts of exogencusly applied proctolin cn the
isolated fore- and aind-guts of the latter species in the presesce and-
absence of a raage of antagonists and calciuxm channel blockers.

Isolated foreguts (cescphagus to provestriculus) and hindguts of
Sgaisggggzga gragaria were iancubated ir Clark Insect Ripger at rocx:
temperature (18 + 2°C) for 20 min, and using a 6 min cycle with two
washes, dose response curves were constructed for proctelin (1 - 10000
1)), The effects of mianserin (50 pX), ketanserin (50 uN), kynurenic
acid (10 »M), picrotoxinin (1 pN) and d-tubocurarine (10 u¥) on the
response of the foregut to proctolin were iavestigated with the tissue
being incubated with an antagonist for 20 min prior to retesting the
effect of the peptide. Hcwever, the response of both tlssues to
practolin was challenged by the addition of either caffetne (1 - 100
pX), verapamil (1 - 100 uM) or cadmium {oms (50 - 500 pX) usiag an
tdegtical regime to that described abcve.

Proctelin caused dose dependent comtraction of the fore (10 - 1000 nk;
EDso : 160 #+ 30 oX; n = 6) and hind gut (1 - 500 nX; EDeo : 17.5 % 1.6
nX; n = 7> showing marked tachyphylaxis at higher doses. These responses
were unaffected by the presence of mianmserin, ketanserin, kyaureaic
acid, picrotoxialam, d-tubocurarine and caffeine. However, verapamil (100
#X) and cadmium i{oms (100 pM) significantly reduced (60 - 70%)
proctolin-induced contraction of both tissues. Cadmium ioos at
concentrations i{n excess of 300 uX tctally abolished the spasmogenic
effect of proctolin.

The hindgut of Schistocerca gregaria proved to be significantly more
sensitive to the effects of applied proctolia than the foregut which
raquired a tea fold higher dose of the agonist cause a half maximal
contraction. The EDsoc value for the hiandgut (17.5 al) is comaparable to
that reported ¢ for the hindgut of the cockroach Pariplageta apericana.

It has been suggested that proctolia is a co-tramsadtter of 5-
hydroxytryptamine (5-HT) ® and a neuromndulator of glutamate © and
octopanine 7. However, the failure of miaaserin, ketanserin, kynurenic
acld, d-tubocurarine and picrotoxinia to tnhibit proctoiin-iaduced
contraction of the foregut suggests that this effect is not zediated via
octopanmiae (OA), 5-HT =, glutamate, GABA or aicotini: acetylcholine




receprors respectively. Furthermcre, as 5-3T and Gh cause relaxaticn of
foregut aad glutamate (s but 3 weak spasacgenic agent 3 it would apgear
tc be unlifely that the ccotractile elfe:ts of proctclis are mediated by
an taceraction witd these substances thereby suggestiag the presence of
a specific proctolin receptor io the tissue.

¥ish regard to secondary messengers zediatiag the effects of proctolta,
the lack of effect of the phcspbodiesterase inhibitor caffeine suggests
that the receptor {s not linked to adenylate cyclase. However, verapaatl
and cadaiun ions strongly antagonized the contractile effect of the
peptide thereby suggesting that caicium ions may act a3 the secondary
zessernger.

1. Brown, B.E. J. losect Physiol. 1977 23 861 - 864

2. Dunbar, S.J. and Plek, T. Arch. lpmsect Biochea. Physiol. 1977 L
93 - 104

3. <fanner, S.E., Osborae, R.H. and Cattell, X.J. Comp. 3iochen.
nystol. 1987 8A8C 139 - 144

4. Sullivan, R.E. and Jewcomb, R.¥. Peptides 1982 3 337 - 344

5. Siwicki, K.K., Beltz, B.S. and Kravitz, E.A. J. Jeurcsci. 1987 4
322 - 832

6. Cook, B.J. and Holman, G.N. Comp. Blochem Phystol. 1979 €4C
183 - 190
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THE ACTIONS OF FMRFamide-LIKE PEPTIDES ON LOCUST HEART

Brian A. Cuthbert and Peter D. Evans

(AFRC Unit, Dept of Zoology, University of Cambfidge
Downing Street, Cambridge, CB2 3EJ

 FMRFamide (Phe-Met-Arg-Phe-NH,), a neuropeptide first
isolated from the clam Macrocallista nimbosal, and some of the
structurally related family of FMRFamide-like peptides discovered
subsequently in a range of species, have modulatory effects on
invertebrate skeletal and visceral muscle, Immﬁnocytochemical
evidence suggests that FMRFamide-like peptides are present in
specific subsets of neurones in the nervous systems of warious
vertebrate and invertebrate species. In the locust Schistocerca
gregaria FMRFamide-like immunoreactivity has been located in the
ganglia of the ventral nerve cord?3, some of the FMRFamide-~
immunoreactive cells have procesées which terminate in the neuro-
haemal organs df the median nerves of the thoradic ganglia.
Recently, extracts of the neurohaemal organs of the metathoracic
ganglia in Schistocerca have been shown to mimic the modulatory

actions of FMRFamide on locust skeletal muscle4. It is therefore "

possible that FMRFamide-like peptides "are released into the
haemolymph as circulating neurohormones.

Although locust skeletal muscle may be an important
target site for the actions of FMRFamide-like peptidesz'3, these
peptides also have effects on myogenic rhythm in visceral

tissues. In many invertebrates such as molluscs and the leech 3'5

FMRFamide-like peptides are cardioactive and this was also found
to be the case in Schistocerca’.

A large range of the structurally-related FMRFamide
femily were tested on a semi-isolated- locust heart preparation,
to determine the structural requirements of the receptors
sensitive to FMéFamide-like peptides, FMRFamide regularises the
heart beat of the locust and increases the frequency and strength
of contractions in a dose dependant manner. From the range of
FMRFamide peptide analogues tested a variety of criteria can be

proposed for the structure specificity of the receptors on the
heart.

1. C-terminal amidation is essential since all those peptidés_

tested which lacked the =-NH, group failed to elicit a
response. '

- - . - - - aves J T | [ A




activity, although the peptide Arg-Phe-NH, is in itself not
- sufficient for activation of the receptors.

3. Methionine or Leucine preceeding the -Arg-Phe-NH,; seguence
does confer activity, though repiacing either of these with
another amino-acid such as Proline in FPRFamide renders the
peptide 1nactive on the heart.

4. N-terminal extention of the basic tetrapeptide F(M/L)RFamide
increases the potency 1C - 100 times. However, the extended
pertides caused inhibition of contractions at concentrations
atove 107 7M.

5. With YGGFMRramide there is an added complication: at concen-
trations below 10”7’M the peptide is excitatory, however above
this the initial excitation of the heart is followed by an
.inhibition which continues for the duration of the pulse,
Once the pulse of YGGFMRFamide ends the excitatory response
is restored.

The structural requirements for the receptors on the
heart seem to be similar to FMRFamide-like peptide receptors in
other systems studied such as in the locust extensor tibiae
musclea, and various molluscan cardiac tissues. Similarly the
responses to N-terminally extended peptides are comparable,
However, the biphasic response evoked by YGGFMRFamide suggests
that there are perhaps two types of receptors on the heart
mediating the actions of FMRFamide~like peptides in the locust
heart. One receptor can increase the frequency of contractions
and is activated by FMRFamide and low dcses of YGGFMRFamide, and
the other can reduce frequency of contractions and is activated
by high doses of YGGFMRFamide.

1. Price, D.M, & Greenberg, M.J. Science 1977 197 670-671

2. Myers, C.M. & Evans, P.D. J. Comp. Neurol. 1985 234 1-16

3. Mvers, C.M. & Evans, P.D. Cell Tissuce Res. 1985 242 109-114

4. Walther, C. & Schiebe, M. Neurosci. Letts. 1387 77 209-214

S. Painter, S.D. & Greenberg, M.J. Biol. Bull, 1982 162 311-332

6. Kuhlman J.R., Li, C. & Calabrese, R.L. J. Neurosci. 1985 5
2310-2317

7. Myers, C.M. PhD Thesis, chap 6. Cambridge University 1986

8. Evans, P.D. & Myers, C.M. J. exp. Biol. 1986 126 403-422
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PRODUCTICN. OF SNAXZ AND STTRPICN YENCMS

CONTAINING NZURZSTOXINS

_Yvon DOLGANSKY, Yves MITTAINE, Anne-Marie de SAINT-MICH
LATOXAN (Latoratcire des Texines Animales et Animaux Ven.meux!
F 05150 2CSaNs, France

To protect themselives from predators, or to :immobilize swifily the
cwn' preys, various animals produce scphisticataed and extremaely
Sivlsgical weagons : VENOMS.

It is kacwn that a aumber of srake and scorpion vencms cont2ain neurs
texins, whose major modes of actisn cian be classified as follows

]
B

cetylcheline receptor blocking neurotoxins
cetylcholine release facilitacory neurstoxins @
. ost-synaptic biscking neusstoxins

- Acetvlcholinesterase inhib:tors

]
g Je

‘Ion channels (K* ; Na+* ) mark:ng neurotcxins, €.g. "Charcvbdotaxins®
. which are xnown t2 block single Ca? * -activated K* channels.

Another class of neurotaxins can be added to this list : the

insact~

specific neurotcxins (*insect-texins®) which are found in most. sccorpien
venoms, :

A faw laboratories initiated research on snake and scorg:sn venom

neurotoxins mocre +<han twenty' vears ago, and interest spread widelvy in
the. past 5 vyears. To-day highly resolutive purification procedures are
available, which enable to obtain extremely pure neurotoxic components.
However, most venoms are still to be explored further, their modss of
action and possidble applications remaining quite urnielucidated.

LATOXAN is a leading venom production center for biological research
worldwide. Its product:icns are based ¢n an unegualled stock of animaels
brought into the laboratory from all patts of the worid, or bern and
reared in the laboratory : more than 1,000 snakes and several thcusand
scorpions are permanently and carefully maintained. They iep:esen: more
‘than 100 different spec:es and suc-sgecies.

Productior procedures ensure :

- full control of venom identification and purity ;

~ the highest biological activities of the venoms ;
- continuity of producticn over the vyears (a condition for repro-
ducible research raesults).

All modes of action listed above can be obtained from rneurotaxin

E
which are present in various vencms among these currently produced by
LATOXAN. . '
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EFFECTS OF SCORPION TOXIN 2 FROM ANDROCTONUS AUSTRALIS HECTOR

ON ELECTRICAL ACTIVITY IN FROG AND RAT SKELETAL MUSCLES..

Alain Duval®, Marcel Pelhate® and Marie-France Martin®*

* Department of Neurophysiology, LA CNRS n® 611, The University of Angers,
49045 Angers Cecex, France.

** Department of Bicchemistry, U.D.C.,, CNRS UA 1179 - INSERM U 172, Medical
School, 13326 Marseille Cedex, France.

The alphé thxr\sl extracted from various species of scorpions are known to proiong
the failing phase of the action potential by affectmg the inactivation of the Na
conductance in excitable membranes. However, because most studies have been
performed on various nerve preparations (see Schmidtmayerz, Benoit et Dubois’)
only very little" 1s known about the ‘effects of these compounds on skeletal muscle
electrical activity. ﬁ’e have therefore investigated the action of the mammal toxin

]
from Androctonus australis Hector (MT2 AaH) on rar (fast EDL and slow Soleus

twitch muscles) and frog (semitendinosus muscle) ske‘letal muscie fibres. The toxin
effects and its reiative potency in rat and frog muscles have been determined by
studying the modifications in action pofential shape and Na current properties
measured under current and voltage clamp conditions, wiih the double sucrose-gap
techniques. )

Under current clamp conditions, the evoked action potentials were prolonged by
MT2 AaH (from their usual duration, 5 - 10 msec at room temperature, to hundreds
of milliseconds or even saconds, depending on the toxin concentration 10-10 b-
1076M) without significant effects on their rate of rise and amplitude. The resting
potential was unchanged in the range 10-10 to 16-5 M. Both EDL and Soleus fibres
of rat were more sensitive to the toxin than frog fibres. The effects on action’
potential duration were half maximum at toxin concentraticn of 1.4 x 10-9 M for
rat and 9 x 1077 M for frog muscles, and the maximum effects obtained were more
important in rat than in frog {plateau action potential durations = 5 and I,5
seconds respectively). The action potential prolongailon was reduced bv repetitive

stimulation (C,01 - 10 Hz).
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~ Under »’Sltage clamp conditions MT7 AaH. slowed the Na current (necipanen
process and incuced a non-tlnacm/atable Na current, Peak and maintaineg turrents
were TTX-sensitive and reversed at the same potential. The amplitude, activation
ume course and cmrent-volt;ge relvationship of the peak Na current were not
significantly altered by the toxin. The amplitude of the maintained Na current was
dependent on toxin concentration, reaching a maximum value representing | 5% and
35% of the peak current in rat and frog muscles respé.Ctiwely. The half mzximum

eifects for this parameter was obtained at town concentraticns of ’1.'3» x 1279 Min
rat and 5.5 x 159 M in frog fib‘res.' The maintained Na'permeability had a
different voltage delpendence than that of peak .\S permeability (half - raximum
value 25 mV more positive). In the presence of MT7 AaH the reactivation and
steady state inactivation of the inacuvating Na current {i.e., peak current minus
maintained current) remained unchénged. The action of the toxin r;e»'e.'sed poorly
by washing out but could be largely removed by conditioning depolarizations more
positive than the reversal potential of the Na current. Even at 10°9 M MT2 AaH
did not affect the K currents.

The results indicate that MTy AaH acts on vertebrate ‘muscle fibres like others
alpha toxins on nerve rn'embrane2 ! by modifving the inattivatioq of Ithe Na
channels. Mou;eover they reveal a higher specificity of MT2 AaH toward mammals
than toward amphibians. By comparison with previous results’ MT2 AaH seems to

be much more potent in vertebrates than in insects.

. Jover, E., Couraud, F. and Rochat, H. Biochem. Biophys. Res. Commun. 198G 33
1607-1613 -

2. Schmidimayer, 1. Pfllgers Archiv 1985 404 21-28

3. Benoit, E. and Dubois, J.M. 1. Physiol. 1937 383 93-114

4, Catterall, W.A. J. Gen. Physiol. 1979 7% 375-39i

5. Miranda, F., Kopeyan, C., Rochat, C., Rochat, H. and Lissitzky 5., Eur. .
Biochem. 1970 16 514-523

6. Duval, A. and Leoty, C. J. Physicl. 1973 278 403-423

7. Pelhate, M. and Zlotkin, E. J. exp. Biol. 1982 37 67-77.
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THE EFFECT OF AZADIRACHTIN ON
THE LARVAE OF THE CERAMBYCID
MORTIMUS FUNERFEFUS

Marina B. Frusic., Jelisaveta P. Ivanovic. Miroslava I..
Jankovic-Hladni and Vlasta 0. Stanic.

Institute for Biological Research "Sinisa Stankovic®,
27. novembra 1342, 11000 Belgrade, Yugoslavia

Much attention has recently been paid to studies on tle effect

of azadirachtin on insectsl’2'3'4

which results are expected to
be useful for the control of harmful insects, but little work
has been done to clarify the mechanisms of azadirachtin action

on insects.

In the scope of our investigations on the response of the larvae

of the cerambycid Morimus funereus on the effect of stressors

studied at different levels of biclogical organization, the effect

of azadirachtin5 as a stressor was included into our studies.

Larvae of M. funereus, reared on a synthetic diet at 23°C in dark-
ness, were used in exper..=nts 0-24 h following ecdysis. They

were injected with 5 ug and 10 ug of azsdirachtin (per 1 g body
weight) dissolved in 10% ethanol and with the same amount of 10%
ethanol (control I1):; the intact larvae served as control I. The
following parameters were followed comparatively: the body weight,
food intake, morphogenetic changes as well as some biochemical

parameters proved to be under the control of neurohormones (acti-
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vity of midgut amylase and protease. concentration of fat body

glycogen and haemolymph trehalose).

'The,resuICS show that two weeks after the treatment. lower con-
centrat;on of azadirachtin had no effect on the body weight of
the larvae but it provoked appearance of small dark patches on
the integument which increased in sizé in the course of time.
Higher concentration of azadirachtin affected the body weight
of larvae i.e. two weeks after the treatment the larvae exhibi-

ted a slight decrease of their initial weight, while those in-

jected with .ethanol were similar to the intact larvae.

All the results obtained will be discussed from the aspect of

the effect of azadirachtin on the insect neurcendocrine system.

-1. Barnby, M.A. and Klocke, J.A. J. Insect Physiol. 1987

33 69-75
©2. Dorn, A., Rademacher, J.M. and Sehn, E. J. Insect. Physiol.
1986 32  231-238
3. Koul, 0., Amanai. K. and Ohtaki.T. J. Insect Physiol.
1987 33  103-108

4. Rembold, H., Sharma. G.K., Czoppelt, Ch. and Schmutterer,
- H. 2. ang.- Ent. 1982 93 12-17

S. Dr M. Barnby (Salt Lake City, Utah, USA) kindly provided
azadirachtin: this research was sponsored by the Republic
Scientific Community of Serbia (RZN) and the USDA Project
N¢ JB-129 JFP 657. -
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PUMILIOTOXIN B BINDS TO A NOVEL SITE ON THE VOLTAGE-DEPEMDENT
SODIUM CHANNEL THAT IS ALLOSTERICALLY COUPLED TO OTHER BINDING
SITES FOR PEPTIDE TOXINS.

Fabian Gusovsky, Daniel Rossignel®’, Elizabeth T. McNeal and Jchn
W.Daly

Laboratory of Bioorganic Chemistry, NIDDK, Natienal Institutes of
Health, Bethesda, MD 20892 and °‘E.l1. du Pont de Nemours &
Company, Experimental Station, Wilmington, DE 19898, USA.

The alkaloid pumiliotoxin B (PTX-B), isolated from the skin

of the neotropical frog Dendrobates pumilio, has myotonic' and

cardiotonic? activity and induces repetitive firinq of action
potentials in nerve and muscle’. In brain synaptoneurcsomes, PTX-
B . elicits a breakdown of phospioinositides that is dependent on
' the presence of ﬁodium and that can be blocked with the sodium
channel blocker tetrodotoxin*. The possible actions of PTX-B on
the voltage~dependght sodium channels have now b?en investigated
by studying the effects on *’Na influx in synaptoneurosomes and
neurcblastoma cells.

PTX-B induces a small dose-dependent influx of sodium in
synaptoneurosomes which is markedly énhancad in the presenée of
a-scorplion toxin (a-Sch)’ or a scorpion venom (Leiurus) (ScV)
that contains a-ScTx. In N18 neurobla;toma calls, PTX-B is
in;ctive on sodium fluxes alone th in the presences of c:S;Tx,
PTX-B satimulates sodium fiux to levels comparable to that
attained with the sodium channel activator veratridine. Similar
to 9ther channel activators, the influx of sodium caused by PTX-B
in éombinétion ‘with a-S3cTx or ScV can be antagonized by local
anesthetics and tetrodotoxin in both synaptoneurosomes and N18

cells. In LV9 neurcblatoms cells, a variant mutant that lacks
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sodium channels, PTX-B éhd veratridine, either in the presence or
the absence of ScV, were unable to stimulate influx of sodium.
PTX-B does not interact with K two known binding sites on the
sodium channel, as evidencea by its lack of effect on binding of
[*H)saxitoxin and (*H]batrachotoxinin A benzoate in brain
syhaptoneurosomes. In addition ‘to a-ScTx, PIX—Bx induces
synergistic responses on sodium flux in synaptoneurosomes when
combine§ with B8-scorpion toxin and with the polgether brevetoxin.
. Thus, PTX-B apparengly does not"act throughl Eindinq at known
toxin sites ' on the sodium channel buﬁ'instéad it induces sodium
iflux throgh the interaction with yet another modulatory site on
the channel. ?he allosteric associations with a*éch. 8-scorpion
toxin‘aﬁd brevetoxin suggest that the prxfa sité ~occupies a

pivotal position on the gating modulation 6£ the sodium channel,

1. Albuquerque, E.X., Warnick, J.E., Maleque, M.A., Kaufman,

F.C., Tamburini, R., Nimit, Y. and Daly, J.W. Mol. Pharmacol.
1981 19 411-424 .

2. Daly, J.W., McNeal, E.T., Overman, L.E. and Ellison, D.H. J.
Med. Chem. 1985 28 482-486

3. Rao, K.S., Warnick, J.E., Daly, J.W. and Albuquergue, s.xﬂ. J.

Pharmacol. Exper. Ther. 1987 243 775-783

4. Gusovsky, F., Hollingswérth. E.B. and Daly, J.W. Proc. Natl.

Acad. Sci. USA 1986 83 3003-3007
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EFFECTS OF THR BRADYKININ ON SYNAPTIC TRANSMISSICN
IN THE INSECT CNS

R} ?
" Bernard Hue and Toam Piek
1
Departzent of Neurophysiology, UA CNRS no. 611, The University of
L
Angers, 49045 Angers Cedex, France and Departaent of
Pharmacoiogy, University of Amsterdam, Meibergdreef 13, 1105 AZ

Amsterdam, The Netherlands,

Europe's largest wasp, Megascolia flavifrors stings beetle larvae

in the direction of the nerve ganglial. The effect on the insect
CNS, of the venom, one of its fractions, and fhr‘bradykinxn
isolated from this fraction‘. was studied using a preparation of
the desheated sixth abdoainal ganglion of the cockrosach in
connection to the cercal nerve XI and to the connective, or its
isolated giant axons between ganglicn VI and V. The venom and the
Thr'bradykinin containing fraction cause a bléck of synaptic
transmission from the cercal nerve to the giant interneuron, and a
delayed depolarization of the neuron. Thr'bradykinxn only causes a
slow and delayed decrease in EPSP and unitary potential amplitude
and has no effect on carbachol potentials, and membrane
conductance and excitability of the giant neuron.
- It can be concluded that Thr'bradykinin blocks the
_transmission presynaptically, probably vy depletion (Fig; 1).

References
1. Piek, T., Buiter:uis, A. Simonthomas, R.T., Ufkes, J.G.R. and
Mantel, P. Comp.3iochem.Physiol. 1983, 75C, 145-152. '

2. Yasuhara, T., Mantel, P., Nakajima, T. and Plek, T. Toricon
1987, 25. 527-535.
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THE PROTHORACIC GLAND ACTIVITIES DURING THE LAST
LARVAL INSTAR OF LEPIDOPTEROUS INSECTS

Mamdouh H. Idriss

Drnsiun of Entomolagy. Facuity of Agncieiture, Alevanara Unizersty, Alevandrns, Egipt

"After the pioneering experiaents of Kopné‘ (1817), and the findings of Fukuda?

(1940), williams? (1946) proved the role of prothoracic gland (PTG) in moulting
process. The active PTGs are able to induce moulting in isolated addomen vhereas
an active brain can only produce the same effect in the preseace of inactive
gland. Although scveral coamparatir worphologicsl studies of the PTG have shown
.that lepidopterous’ PTGs are richly supplied with nerves, the experiaental
evidence proves the necessity of an 1ntact cerebral necro.ecratory system for
normal nsoulting. There is no doubt that the prothoracicotropic hormcne (PTTH) 1is
considered a putative factor affecting PTG but the horaonal relationship bdetween
an insect brain and PTG has not yet bSeen well defined. When whole bSrains are
implanted <‘nnediately into individuals whose own neurosecretory cells have bdeen
removed, mouliting is delayed <comparsd with norzal insects. During the present
study the correlation Tetreen the =orphological changes of PTG and ity
physiological activit:es was investigaled. Furthersore we attempt to provide an
introduction to other ‘actors involved with PTG activition.

The fifth instar larvae of Eri-silkwora  Prilosawia riodnd (Dru.), as a well
established model systes in our lab, were used for the present inveszigatisn. The
PTTH bioassay test-organisa which was reporced prcviously‘,has been izproved. We
oroduced brainless pupae (from dedrainated larvae. Affer the critical period of
PTTH3, 3, mc<=? larvae were debrainated. These larvae, almost two weeks after
the surgical operation, =moulted to brainless pupae. They were reliadle b:ioassay
animals for detecting prothcracicotropin-like effects. The critical pertod of
moulting hormone (PTGH) wvas determine using the isnlated abdeminae ‘techaique.
To prepare 1solated abdozen, a 1. ™ot larva was ligated in front of the third
abdominal segaent. The anterior portion of the larva was removed and wound was
sealed wih gelatine and antibiotics.

Scanning eleciron micrograph (A) shows the setancrphic endocrine centres of
a caterptllar: (1) drain, (2) corpus paracardiacuam CC, (3) corpus allatum CA and
(4) PTG. The prothoraci: gland receives {ts nerve supply from the ventral
syzpathetic systes which arise from the suboesophageal and segmental ganglia.
Scanning electron aicrograph (8) 1illustrates the central part of PTG inarvation.
The role of these neuroglandular jurctions sad {ts neurotransmitter(s) still
unkown .

The PIGH critical-period of Ph. r<cint larvae »as experimentally detzrained
using isolated-abdoninae techique. Addominse were isolated at different imes
(0, 24, 48, 72, 98, 140 & 145 hrs after the deginning of cocoon sninning). These
isolated abdominae were observed and percentage of pupation for each group was
recorded, As shown in (C) PTCH critical-pertod ts 81.11 hrs after the deginning
of <cocoon spinning. In the 1light of the above aentioned data, histologtcal
studies of PTG were investigated., Light aicrographs D,E . FLG show the cvtological
activities of the gland iamediatly defore conoon spinning, 72, 98k 120 hra after
the bdeginning of cocoon spinning respectively. [t seems clearly cthat the
histological studies <confiras the experiaental da%a concerning PTGH critical-
period.

According to our knowledge of PTTH critical-period, the debraination of Ph.
rictint  larvae lmaediatly before cocoon spinning produced driinless pupae. The
noraul pupstion occures sfter 3:0.37 days, however, dedrainated larvae pupated
after 14.73¢0.27 days with 24.4% larval-pupsl {ntermediates. [njection .of
dedbrainated larvae with epinephrine (J0.09 ug/L) decreased abnoraalities to 17.3%
while juvenile hormsone analog ZR-619 (3 ug/L) iacressed deforsatiocns o 32.8%
Epinephrine and JHA accelerated the pupation, Dedrainated larvae injected
vith epinephrine or JHA pupsated after 15.56:0.21 days and 14.7320.13 “days
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respectively. It should be zent:ioned that 14.7% of the brlinlesi pupse ezerged o
briinless aoths after 32.620.8 days. S0 the reliability of this biosssay organisa
1s 31 days after pupatioa,

The injection of dedbrsinsted larvae with 0.05 ug/L epinephrine or $ ug/lL ZR-619

increased the percentsge of moths emerged {ros brainless pupae to 31.6% after
27.521.1 days for catecolamine and to-20% after 22.620.7 days for JHA. The emerged
woths produced sfter JHA treatment vere completly deformed.

Beta ecdyson (PTGH) was injected at different concentrations into brainless Ph,
™eint pupse. As it was expected, brainless moths emerged frca the bralaless pupse
which were injected with 0.5-10 ug ecdyson. Indeed it was surprising enough tlat
the injection with high concentrations of ecdyson (>30 ug/P) produced pupal-adult
iaterrediates. This case wvss not pseudojuvenilization, On the other hand Idriss
et alt proved that some of catecolamines had a porthoracicotropin-like effects
on decapitated FPh, ricint 1lervae., When these coepounds were tested on the
brainless Ph. ricint pupae they didn't show any effect.

In gepera), the critical period of PTGH could be determined wusing either
histological techniques or an experimental method such as isolated-abdominae
technique. It sust, however, be realized tbat the histometric method could not be
adopted to study the activity of PTG,

From the results obtained after injection ecdyson and JHA 4into drainless PFh,
rieini pupae, it seems that ecdyson at high concentrations activates CA, on the
other hand JHs sctivate PTG. It is reasonable to presume that there is a positive
feedback-pechanism controlling the relationship bhetween PTG and CA under certain
conditions. .

Finally, if we sassuzme that PTG neuroglandular junctions are catecolaminergic
sy=apses, <*here is 3 clesr evidencs that catecolamines have & secondary role
during PTG activation.

100 2 ] ]
c i
i
- g
§ 9 4
-
3 .
'
-~ ”’
LR

Y —
L] L1 1 " 130 144

Larvel duration sfisr the Segtnning ¢f cecoen
swpinning Lin nes ).

1- Koped, S, 1017, Bull, int. dead. Sei, Cracovie (3), pp 37-40.

3- Pukuds, 3. 1840, Proo. imp. Acad. Japan, 16, 417-30.

3- ¥illtams, C.N. 1946, Biol. Pull., ¥oods Hole, 90, 234-143.

4- ldrise, M., Dlgaysr, 7. & Rawash, 1, 1961, I. ang. Rot. 92, J71-274.

3. Idriss, M, 1986, Sth Inter. Cong. Pisti. Chem. Canads 28-10. .
8- ldrise, M., Sherby, $., Norshedy, ¥.b Maasour, M. 1984, i Insuct N¥owroclom. ¢ Yeurophysiol.

(Borkovee, AN Yelly, T. eds.) Plenus Press, NY 383-387.

86




BLOCK OF TRANSMISSION AND GLUTAMATE REUPTAKE INHIBITION
IN INSECT MUSCLE BY SYNTHETIC DELTA-PHILANTHOTOXIN

Henk Karst, Albert Lind, Jan van Marle®, Tom Piek and Jarneke van
Weeren-Kramer ‘

Cepartaents of Pharmaco.ogy and Zlectroraicroscopy®, University of

" Amscerdanm, Meitergdreef 15, 1105 AZ Amsterdam, The Netherlands

The wasp Philanthus triangulund paralyses workers of the hcreybee.

The venom is active in all insects, and the excitatory glutanater-
gic neurocmuscular transaission is affected in two different ways:

1 1
by a presynaptic inhibition of the reuptake of glutamate ' and
3

by a postsynaptic block of open ion channels °*
Spectroscepic evidence strongly points to a structure for

1}
delta-philanthotoxin, isclated from this venca, as follows :

NH
HO@CH,éHﬁ NH(CH,)NH(CH,'))NH(CH,)’NH,
4
‘ o

The synthesis of this toxin has confirmed the correctness of this
proposal. NMR-spectra of both the natural §-PTX and the synthetic
toxin, called &§-PTX-S,, are idencicall. The polyamine chain is
thermosperaine. ' ‘

EM-experiments were carried out with isolated retractor

unguis muscles of the hindleg of the locust Schistocerca gregaria.

Six control muscles were preincubated in saline for 10 min,
subsequently incubated for 60 min in saline containing [*4]gluta-

-4
mate (4.3 x 10 M, 100 pCi/ml) and z2fterwards rinsed in saline 2 x

87



10 min at 0'C. Six other auscles were pretreated in 52 ug/sl &-
PTX-S,, and treated as described before, in the presence of the
toxin. EM-autoradiographs were prepared using the flat substrate
nethod. ". The average grain densities over both terminal axons
ard gliahcells show a reduction of glutamate uptake cf{ more than
50% (Table‘ 1). Glutamate potentials of concavalin A pretreated
locust muscles were reversibly curtqiled and blocked by the toxin’
at a concentration of about 10° M. '

Table 1. Grain densities (uxpressed a's the numbers of develcped
silver grains per um‘; average values + SEM, n=4) over both
terainal éxons TA and their surroundi-~g glial cells (GI) of
retractor unguis muscles incubated with &-PTX-S,, compared with
the control. ' I

TA GI
Control 16.4 + 1.2 b46.0 » 3.7
. 6-PTX-S, : 7.7 * 1.8 17 .9 + 2.8
References
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EFFECTS OF SPIDER TOXINS ON GLUTAMATE TRANSMISSION AND UPTAKE

Henk Karst, Altert Lind, Jan van Marle®, Terumi Nakajima', Tom

Piek and Janneke van Weeren-Kramer

Departaents of tharmacoloy and Electronaicroscopy®, University of
Amsterdam.‘ Meibergdreef 15, 1105 AZ Aasterdam, The Netherlarls
and ’Faculty of Pharzaceutical Sciences, Bunkyo-xu, Tokyo 113,
Japan.

Spider toxins: JSTX-3 froa the venos of the Japanese spider,

Nephila clavata, and NSTX-3 from the New Guinea's spider Neghila

maculata, are neurotoxins that block irreversibly the excitatory
glutamatergic neurcamuscular transaission in the lobster leg b
In crustacean amuscle JSTX-3 suppressed the E?SP'S at a
co‘r'\centratxcn‘of‘ 2 x 10-'.\1 and no recovery was found by washing
the preparation for sore than Zh‘.

We have tested both toxins on the_ excitatory neuromuscular
synaps of the locust (Schistocerca gregaria) skeletal muscle at

two different ways: (1) studying the iontopharetically evoked

glutamate potential, using muscles with and without pretreatmént
by concanavalin A and (2} using EM-sutoradiography to study the
high affinity glutamate upta.ke'. |

At concentrations varying frem (1.5-4.5) x 10-'!{ both toxins
block glutamate potentials. The effect is reversible. however,
more slowly than seen with the wasp toxin &-PTX (this meeting).
The speed of recovery of the block by NSTX-3 is highly increased
by pretreatment of the preparation with concanavalin ‘A (2 x
107 w).

Comparison of photographs of tox.n treated terminal axons and
glial cells with controls did not reveal any morphological
differences. No accunulation of synaptic vqsicles was obgerved.
Nor did the muscles show any kind of degenerative changes.
However, analysis of the grair densities above the terminal axcns
and glia revealed that both spider toxins significantly increased
the glutamate uptake by terminal axcns and glia (Table 1).
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_ Table 1. Grain densities over terainal axcns (TA) and their
surrounding glia cells (Gl) of retractor unguis muscles incubated
with NSTX-3 or JSTX-1 qﬂ a concentration of 100 M. The densities
are expressed as'the nuzbers of developed silver grains'per um‘;
(average values + SEM nsl),

, , TA Gl
control ' 8.1 +1.0 29.8+4.0
NSTX-3 17.7 2 2.5 45.5 + 5.3
ISTX-3 ©15.3 + 1.3 46.8 + 1.7
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The mode of action of locust hypolipaemic hormone.
By

8.G6. Loughton
8iclogy Department
, York University
: North York, Ontarioc
Canada

The hyrolipaemic hormone of the locust acts to cecrease
haemolymph lipid levels after excitation, flight or feeding
{Zoughton 1987). Application 2% this hormone in crude or
partially purified form to intact locusts or to locust
fatbody {n vitrc resulted in a subcstantial increase in
fatbody cyclic AMP. 3ovine insulin mimicked this effect. In
addition inject:on of forskolin. an activator of adenylate
cyclase, mimicrked the action of hypolipaemic hormone in wivo.
These resul®s were surprising since it has been claimed that
adipckinetic hormonre (AKHI) exerts its lipid mobilizing
efrect on the fatbcedy by activating adenylate cyclase.

Injection of physinlogical doses of synthetic AKHI irnto
iocust did not result in an elevation of cAMP in the fatbody.
Treatment of lccust fatbedy in vitro with similar doses did
increase fatbody cAMP.

In order to investigate this pherncmenon fuwther crude
membrane fractions from locust fatbcdy were incubated in an
ATP regenerating system in vitro together with a range of
test substances. Significant increases in cAMP were observed
after treatment with hypolipaemic hormone-and the insulin
molecule. No' increase was observed after incubation with
AXHMI.

It is concluded that locust hypclipaemic hormone
acrtivates fatbody adenylate cyclase and that AKHI does not.
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3ia2ck pesger ( Pizes nizrum Linn.), fannel (Foermfcum vulzars Mill.)

cnamomille ( Msziricaria chazomilla Lian.), lupin'( Lusinus %2:mis Farsk),
cumin ( Cuzinun cvzinum Lina.), chazek (Malia azacarach Linn.) and

saclic (Allium sativus Linn,) have bsen Teycrted 1-4 tz be toxic for
varicus insect pasis, Thsse plant products ( 5 & 103 cold agueous extrzcls
were assessed‘f:: thelir ovicideal action on the freshly oviposited'eﬁés c?

brinjal leaf beatle, H, vigintioctonunctats. Dharex { M. azedzrzsch ) procved

e

most elfective ovicide inflicting 76.57 and G1.66 per cent e33 mortali=y
in 5 and 19 gez cernt concentrations, respectively., 3arlic extracts rankad
next effsctive ovicide inflicting 40.0 sad 20.0 per cent ejg morztality in
the respsctive concentration. Cther olant broducts proved wezkest ovicidsas

and found significantly at par with .control inirespect to per cent eIg
smortality., Meliantriol a major active principle has been.reportedsin the
'drupes of g.azedéracn which is a systemic triterpenpid c:mpgund and mi;hi
be responsible for this marked ovicidal action. Diallyl disulphide and

Diallyl trisulpnide present in the garlic extract nmight be responsibtle

ta.

for this observed higner toxicity for the eggs of H. vigintioctopunctzt
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Mcrdue (_unrtz), A.J. & Plare, F.

Muscular-effects of azadirach-in

Azadirachtin, a complex tritarpencid from the neem tree Azadirachta indica,

produces marked growth and mculting armarmalities in a very large nunmber

nind guts.
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KININS ISOLATED FRCM THE VENOM OF THE SOLITARY WASP
MEGASCOLIA FLAVIFRONS

o T - 1 ?
Terumi Nakajima , Tom Piek , Tadashi Yasuhara 'and Piet Mantel

1 ) . y ’
Faculty of Pharmaceutical Sciences, University of Tokyo, Bunkvoe«
2
ku, Tokyo 113, Japan and UCepartment of Fharmacslegy. Meitergdreef
15 1105 AZ Amsterdam, The Netherlands.

Larvae of the ueetle Orjctes nasicornis are paralysed by stings of

the wasp M. f‘a»irrﬂns . The venon contazns histamine and a brady-

kinin-like substance 1". Recently it has been found, that the
venos and some of the fractions block synaptic tr arsmlssxon in the

cockroach sixth abdominal ganglxon . )

Females of this wasp were collected in the south of France,
and killed and stored in liquid nitrogén. Venoms reservoirs were
reaoved fros thawed wasps and extracted in distilled water. Freeze
dried extracts were dissolved in 5% acetonitrile in 0.2% HCl. The
suﬁernatanc was fractionated by HPLC using a linear gradient from
CH,CN: 0.05% CH,C2CH, 5:95 to €H,CN:0.05% CH, COOH, 3:7. Each of
the 33 fracticns (Fig. 1)was tested using a cascade of smooth
muscle preparations, indicating bradykiniq-like hétivity in the
fractions 9 and 14. Rechromatography of these fractions using
reserve phase coluans (ODS LS-120-T, Toyo Soda) with isocratic
elution (CH,CN:0.02% HCl, 22%:77.5 for fraction 1% and 22.7-117.5 A
for fraction 9, was followed by amino acid analysis.
Fracti&n 14 contained

Arg-Pro-Pro-Gly-Phe-Thr-Pro-Phe-Arg
. ]
(Thr bradykinin)

Fraction 9 cortained

Arg- *o-Pro-Gly-Fhe-Thr-Pro-Phe Arg-Lys-Ala
(Thr bradykxnin-Lys-Ala. or megascoliakinin)
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Fig. 1. Chromatogram of the venom reservoir extract.
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IVERMECTIN-STDMULATED RELEASE OF NEURCTRANSMITTEIR IN THI INSECT CENTRAL
NERVOUS SYSTEM: MODULATION BY ENTERNAL CHLORIDE AND INHIBITION BY A
NOVEL TRIOXABICYCLOOCTANE AND TWO POLYCHLOROCYCLOALKANE INSECTICIDES.

‘Russell A, Nichelson, Philip §. Robiason, Chrisctopher J. Palzer®and Jehn E. Casica?

Wellgome Research Labora:ories.Berkhamsced,Hercfordsui'e U.X. and"Pesticide
Chemistry and Toxicology Laboratory,Departzent of En:omologxcal Sciences.
University of California,Berkeley,California,94729,U.3. A.

The release of neurotransmitter from nerve ter:.na‘s can be activated
by a number of depolarising stimuli. Particular _mechanisms include stimulaticn
of sodium influx by sodium channel activators! ror sodium xonophores3,stxnula:1c-
of calcium entry by neuroprotein a gonxs:s“ or calcium 1oncphore55 and elevation
of extrasynaptosomal potassiux concentration®, A recent investigation using
insect synaptosomes in superfusion has indicated that the release of neuro-
transmitter induced by ivermectin may result frow perturbation of the chlerice
ion gradxen: across the sutface membrane of the nerve terminal’. Thus, neuro-
transmitter release is stimylatod by ivermectin at low concentrations(ECsg 10-5v)
and in a manner that is inhibited by pxc'otoxxn1n [a specific blocker of the
chlorxdc channel8 (Fig. I)]but not by tetrodotoxin [a selective scdium channel
blocker? (no effect at 10~ %)]. The present study uses trioxabicyclooctane
and polychloroeycloalkane insecticides as modulators to further clarify the
mechanism of action of ivermectin on insect nerve terminals.

Crude synaptosomal fractions were prepared from the central nerzvous .
systea of the cockroach (Periplaneta americana), loaded with P!ﬂ -choline and ~
superfused according to procedures already described’, Standard superfusion
saline consisted of NaCl 215mM; KC1 3.ImM; CaCly 2.04aM; NaghPO, 3.2%uM;
Nali20, 0.1%=; chlz 6.6cM and glucose 16.5uM. Reductions ‘to chloride ion
concentrations in the superfusing saline wvere achieved by replacing sodium
chloride with sodium acetate. Chloride-free medium was prepared by substituzing
calcium propionate for calcium chloride and potassium and magnesium sulphate
for their respective chloride salts, High chloride superfusion medium was
prepared by adding choline chloride to standard super fusion saline.

The efflux of radiolabdel .
from synaptoscmes (as s measure
of neurctransmitter [3H]-ACh
release) is increased by
iversectin (1078M) under norzal C
conditions of superfusion (115=M Cl1%)
as noted previously7, Iverpectin-,
induced release is suppressed by
602 when extrasynaptosomal chioride
is raised to 145oM and enhanced at
chloride concentrations below 115mM.
In the absence of chloride,
ivermectin's stimulatory effect is
incressed by 681 compared to that
in 115aM chloride medium,

The novel 4~g-butyl-l-cyanc~
I=-(4=-ethynylphenyl)-2,6,7-trioxa~
bxcyclo[; 2,2} oczane! 14y belongs to
8 class of convulsants koown to
have picrotoxinin-like actions at
insect nerve-muscle junctions _
and it is & highly potent inhibitor

o
[-3

A

e

TMBHMTION OF IVERHECTIN INOUCED RELEASE
L ad
o
A

of GABA-mediated chloride influx -3 T ) -t - 0~ 10

. . . ] ) ) H L] 0 107
in mammalian brain vesicles {INMIAITOR)
This :noxah;yclgoc':u}e is also an Tiguee 1, Tohid{tion of {vermectisscimulated tel-ase af
extremely potent inhibitor of traasmitoer f1ce TynapCoscwes By bet-dutylel-cyams i=(i=~ethye
ivermectin~induced transaitter wyladenyl)-2,8, 7atrioxabicyelo (2. 2. Tjoczaan (A), ondonul;han

release from cockroach synaptosomes (@, browocycien @) 1ad piczotoxiaia (M.
(1Cogm~2x10~;Fig.1).
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In comparing with the solychlorocycloalkanes, endosulphan is a slightly
weaker inhibitor and bromocyclen is similar in potency to picrotoxinin
(Fig.1). Our previous study’ establishes that ¥-hexachlorocyclechexane
antagonises the transmitter releasing action of ivermectin (ICsp 5x10~3v) .
This action is clearly stereoselective as the p-isomer of hexachlorocyclo-
hexare, which has no agonist activity alone, potentiates the iverwectin
response, These findings with hexachlorocyclohexane iscmers demonstrata
that subtle structural changes can dramatically alter pharmacological
properties.

In conclusion, the most likely mechanisam of action of ivermectzin in
the insect central nervous system involves cpening the chloride-specific
ion channels in the surface membrane of the nerve terminal,theredby allowing
an efflux of intraterminal chloride which in turn depolarises the nerve
terminal and activates the secretory process, Similar anion-induced
depolarisation effects are reported in dendritic regions of spinal cord
neurones!? and mammalian synaptosomal preparations'd, -
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PHYSICCOCHIMIZAL PRCFEIRTIIS OF FYRITHROIZCS AND 3CLIUM JSURRINTS
IN CRAYTISH GIANT AXIN

Keiichiro Nishimurs, Takam:itsu Xobavashi

’ i and Toshio Tuiita,
Cepartment of Agricultural Chenistry, Xyeis Universicy, Xyot:s a3,

Japan
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axonal memprane, They also indu

depolarization,

The residual and za:l cyrrants incr2ased with time aftar the stars

of the internal agplication of the compounds. The ratics of the
residual and tail curraats to the zeak scdium current with stiep

depolarizaticn o0f whe mamtrane at each measuremedt increased until &
steady level was reachad., The rate constants of the development of

the residual and tail currents (kg and ko, respectively) in zerms of

the ratios were estimated by use of first-order xinetics, The rate
constants were found to be independent of the pulse-duration and
~amplitude and of the concentration.of the compounds., Varia:icns in
the two kinds of log k values were analyzed wit!, phssicochemical
parameters of tﬁ . compounds by regression analysis with least-
squares. The results showed that there was an optimun
hydrophobicity for the rate of development of the residual and zail
currents. The pararolic relationships with hydrophebicity probabdly
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indicate that the develcoment of the residual and tail currents is

governed by non-specific genetration of the chemicals to tha target

'
v ‘

site,

The tail current induced by the pyrethroris decayed ex;onéntially
with a time :onst;nt,‘r.. The f value var;éd 41Zh the structure, but
did not depend on the concentratioca of the compounds. Variations in
the log Tt value of the éggg-substxtuted cenzyl chrysanthemates,
including phenotarin, were analyzed with the ghysicochemical
paramet2rs of the aromaticvsubstxtuents; "The results indicated that
thera is an optimum steric bulkiness in terms of the van der Waals

. N

1

volume® of the substituents, The shorter the substituent,” the

jraater is the %oq T valile, The ccmpounds w~wiih suzstituents

carrying an aromatis ring on the tenzyl moi2ty had activity ennanced

by about 30 times oves that of compounds with noa-aramatic

subs:ituénts. The time constant of pyrethroid-nodified sodium

channels to clcse upen repolarizazion of the nmemorane was mostly
'gc#erned by steric dimensicns and the aromaticity of substituents on

the benzyl moiety of the chrysanthemates,
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A Comparison of the Effects of Venoas froa Four Spider
on Neuromuscular Synapses of Insects.
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David R. Pepper and Ian R. Duce

Departaent of Zoology, University of Nottingham, Universi:y
Park, Nottingham NG7 2RD, England.

A single species of Britzish spider was selected to reprasent e
of four ditferent families. Families were selected on the 3sa
oY}

313
0of different preyv and predation strategies. Species were cnlosan
for their availability, size and likely venom yield, and werez 1as
follows: ’

Family ' Species ., Prev-Capture
Araneidae Araneus diadematus Orb-web,

Theridiidae Steatoda bisunctata 3 dimensional web.
Agelenidae ' Tegenaria gigantea Horizontal sheet web,
Lycosidae Pardosa amentata No web, active hunter.

Araneus diadematus and Tegenaria gigantea venoms wera collected
using an electrical milking technique. The yields of venom were

0.32ul tor A diadematus and 0.4yl for T, gigantea. Venom froaz the

other species was extracted by freezing and partially thawing the
cephalothorax, pulling out the venom glands and chelicerae and
homogenising them in distilled water. The homogenate was
centrituged twice at 15,000 x g and the supernatant (referred to
‘as venom gland extract - VGE) was tested for activity. All
venoms and VGE were stored at -80°C.

Milked venom and VGE activity was initially tested by injecting
talliphora larvae with various concentrations and examining the
dose required to produce paralysis. Venoms from A, diadematus
and T. gigantea’ induced flaccid paralysis with EDgy of 0.08ul and
0.025p1 respectively whereas S, bipunctata venom produced tetanic
paralysis w'th an EDgy of 0.Ul4 pl VGE (yleld of VGE/spider
2.88pl). Insufficient "venom was collected from P._ amentata to
obtain meaningtul dose response data.

The effects of venom on the neurally evoked twitch contracrion of
the Jocust retractor unguis muscle were monitored as praviously
described!l. A, diadematus venom produced an activation induced
inhibigion of muscle contraction as reported for other araneid
venoms-. T. gigantea venom produced a qualitatively similar
toxicity (Fig.l), consistent with the flaccid paralysis of intact
larvae. The use dependent nature of this inhibition suggests that
at least one component of Tegenaria venom is acting post~
synaptically, possibly at the level of the glutamate~gated ion
channel, The etfects uf both A.diadematus and T. gigantea venoms
were reversible after extensive washing.'§; bipunctata venom c¢n
the other hand produced a very different toxicity (Fig, 2). An
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itnitial reduction in twitch aaplitude was followed by a large
contracture of the muscle which was irreversible, following
washing for one hour. Examination of the ultrastructure of
treated muscles 5 minutes and 60 minutes after venom application
revealed changes in morphology. After five minutes some nerve
"terminals were depleted of vesicles and mitochondria were
swollen, After 60 minutes nerve terminals were totally disrupted
and the muscle was extensively damaged. These observations imply
that S.bipunctata venoa acts initially at the pre-synaptic
elema2nt of the neuromuscular junction, to induce the rciease of
neurotransaitter. Subsequent damage to the muscle mayvy be
secondary or may result from other venom components., P.amentats
venom produced an inhibition of the muscle twitch which could not
be reversed by washing. However this venom produced marked muscle
damage which may be reponsible for the inhibition of contraction,

D.P. is a NERC research student

1. Bateman, A, Boden,P. Dell, A. Duce,I.R. Quicke, D.L.J. and
Usherwood, P.N.R. Brain Res. 339 237-244 (1985).

Figs. 1 and 2 The effects of spider venoms on the neurally evoked
twitch contraction of the locust retractor unguis muscle., Upward
deflections represent evoked contractions: stimulation frequency
0.3Hz. Arrows signify addition or removal of venon.

Fig.1 0.2yl T.gigantea milked venom
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AMPULEX COMPRESSA CHANGES THE BEHMAVIOUR OF THE COCKROACH

1 H . 3 ! 1 .
Tom Piek , Bernard Hue , Altert Lind , Piet Mantel , Jan van
3 »
Marle end Hans H. Visser

Departments of Pharmacolcgyl, Electronmicroscdpy’. University of
Aasterdan, Meivergdreef 15, 11C5 AZ Aamsterdam, The Netherlands,
Departaent of Neurophysioiogy'. UA CNRS no 611, University of
Angers, 49045 Angers Cedex, France and Departzent of Entomolcgy..
Agricultural University, Wageningen, The Netherlands.

The solitary wasp Ampulex compressa stings cockroaches,

Periplaneta americana, two times. The first sting in the ventral

thorax results in a transient paralysis. During that period of
paralysis the wasp stings in the suboesophageal ganglion, which
results in a delayed and permanent deactivation{, The ductus
venatus shows a8 large lumen with a folded cuticula. No venonm
reservoir is present. An extract of the venom gland causes a
contraction of the gdinea pig ileus with a slow time course. The
agonist cannot be identified as a kncwn agonist. The venom gladd
extract blocks synaptic transwission from the ccrcal nerve to
giant neurons in the sixth abdominal ganglion of the cockroach
with a delay, which is comparable to that of the deactivation.

-~
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' EFFECTS OF THE VENOM OF COLPA INTERPUPTA ON VERTEBRATE
SMOQTH MUSCLE AND SYNAPTIC TRANSMISSION IN INSECT CNS
1 H 1 ' 3
Tom Piek , Bernard Hue , Piet Mantel , Terumi Nakajima , Marcel
P ] 3
Pelhate and Tadashi Yasuhara .
1
Jepartaent of Pharmacology, Univ. of Azsterdam, Meitergdreef 15,
2
1105 AZ Amsterdas, Departzent of Neurophysiclogy, UA CNRS no
2
611, Univ.of Angers. 49045 Angers Cedex, France and Faculty of

Fharmaceutical Sciences, Bunkvo-ku Tckyo 113.‘Japan.

Females of Co.pa interrupta (F.) (= Canpsomeris sexmaculata. (F.)).

were collected in the south of France and xilled and transported
in liquid nitrogen. The venoa reservoirs were removed frca freshly
thawed gasters and extracted in distilled water. The freeze-dried
venoa was chromatographed threa tizes using a LS-80, TaODS column
and eluted with a gradient froam 3% CH,CN, 3.05% TFA to 60% CH, CH,
Q.CS% TFA. The ccmbined 15 fracticns were tested pharmacologically
using a cascade of vertebrate szooth muscle prepgrations‘l The
venom and fraction 9 contain & kxinin-like activity and a second
agonist which causes contrac:ticns of the muscle preparations,
including the rat duodenum and colon, which with a kinin shcw
relaxation, and {nhibition of spontanecus activity respectively.
Siailar to the vencu'. fraction 9 has no effect on the
excitability of the giant axon of the cockroach, but blocks
excitatory synaptic transamission froa the cercal nerve tn the

giant interneuron in the sixth abdominal ganglion, with a delay.
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.‘/ ’ N
‘D ESTRUXINS, FPUNGAL TOXINS THAT
ACTIVATE CALCIUN CHANNELS IN INSECT
MUSCLE.

tuart E. Reynolds, Richard I. Samuels and A. Keith Charnley’

School of Biological Sciences, University of Bath, Claverten Down, Bath,
England, BA2 7AY. . ,

Cestruxins are a family of cyclodepsipeptide %foxins produced by the

er.tomopathogenic fungus Metarhizium anisoplize. The toxins are praduced in

culture and also during the course of fungal infecticns of insec:sl.

Destruxins cause paralysis by depolariéing the insec$'s muscles, thus causing

“hem to contract?.

éharmacological and ion-substitution experimerts suggest that destruxins act
on the muscle membrane by making the cell permeable to Caz’ ions. Thus,
destruxin-induced depoiarisation is blocked by cadmium ions, and by

nifedipine,'both #ell-xnown Ca channel blockers, and by reﬂoving divalent

cations from the bathing mediunm.

.The way in which destruxins act to increase Caz’ permeability'is not certain,
Although the structure of the destruxin molecule superficially resembles that
of an ionophore, experiments with Pressman Cells and resealed red cell ghosts
have failed %o yield evidence of icnophoric activity. Thus we suggest that

destruxins act by directly opening endogenous Ca channels.
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TISTRIBUTICN OF ¥™RFam de-L XE PEPTICES [N THE LOCUST NEIVOUS SY3ITEM,
Sandra Ropbb and Peter D. Evans.

AFRC Uni%, Depar-ment of doclogy, University of Cambridge, Zcwning Streer
Cambridge, CB2 3EJ.

’

The tetrapeptide Phe-Met-Arg-Phe-NH

Al
from the central nervcus system of the clam, Macrccallista n:mbcsa'’

2 {#MRFamide) was first isolated
il

Subsequent.y, TMRFamide and other structurally reélated FMRTamide-like

compounds have been identified in many invertebrate ard vertecrate
i
|

species”. Recently T¥PFamide-li:xe peptides hale teen idenrified
" 1
. ‘ i

immunocytechemically in the nervous system | of the lecuset,
456 | -

Schistocerca gresaria . In addition fMRramide and a range of

structuraliy relatad analsgues nave Leen shcwn to modulate neuromuscular
, |
. . \ . : . e iy .1 7,8 .
transmiss:ion and muscle contraction in lccust skelatal muscle and to
i

. 1.9,10
modulate he contractile prcoperties of the locust heapt™' 77,

In the presen- s3tudy we have used radiolmmuncassay (RIA) techniques %o

study the distribut:on of FMRFam:de-like peptides in the lccust necrzvous
l
[

system and varicus peripheral tisstes, and ccmbined the technique with HPLC
i

procedures to partial.y characterise the TMRFamidetlike immunoreactivity
I

present in different regions of the locust nervous system.
{

Loccust tissues were extracted in acidified meth;nol (90% methanol, 9%

!
acetic acid, 1% distilled water) and their FMRFamidé—like ceptide content
assessed by RIA after using synthetic FMRFamide to éonstruct dose-response
curve- All the results are calculated on th; ‘basis of FMRFamide

equivalents. The results show tnat the levels of ™™MRFamide-like

o

immunoreactivity vary widely in different parts of i the nervous system of

i
|
|

i . \ .
the locust. Relatively large amcunts of Lmmnoreactive mater:al are

contained in *he brain and thoracic ganglia. Cther tissues, such as the

abdcminal nerve cord and termiral abdominal ganglion contain reiatively
|

‘ ) \
small amounts. The distribution of FMRFamide+like immunoreactivity

|
|
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measured using RIA is in ¢ood agreement with previcus immunocyzcchemical

lfindings.

The chemical nature of the endogenous FMRFamide-like peptides in the

locust has been investigated using HPLC t- hniques. Crude extracts of

locust tissues were initially applied to G15 Sephadex gel filtration
column. FMRFamide-like Lmmunoreactive material was eluted ;;th 0.1M acetic
acid and active fractions pooled and cohcentrated in a Speed Vac wvaccuum
centrifuge. ‘Samples were cleaned by passage'through C18 Se§ Paks prior te

application to the HPLC coiumn. The FMRFamide-like immunoreactivity was

' characterised from each of the different tissue extracts by using three to

four different solvent systems run on a reversed phase C 4 Bendapak

18
(Waters) column. HPLC ‘Eractions. were anz.ysea Yy RIA for their
?!RFamiée-like,imm&noreactivity and were also biocassayed for *™MRFamide-like
activity on beth the locust exten;or-tibiae muscle and the locust hear:.
The chromatographic results suggest that the different locust tissues
examined ccﬁtain at least 2-6 different FMRFamide-like peptides vwﬁich
confirms the findinés from immunocytochemical techniques. The results

suggest that little or no authentic FMRFai-ide-like is present in the locust

nervous system but that the endogencus FMRFamide-like material probably

" consists of - N-terminally extended peptides. The complement of

FMRFamide~like peptides differs in each of the tissues examined. The amino
acid sequences of the ' endogencus FMRFamide-like peptides in the locust

nervous system are currently under investigation.
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AVERMECTIN BINDINC IN CAENORHABDITIS ELECANS: A TWO-STATE
MODEL FOR THE AVERMECTIN BINDING SIiTE

James M. Schaeffer, Herbert W. Haines and Mervyn J. Turner

Merck Sharp & Dorme Research Laboratories, P.O. Box 2000, Rahway, New

Jersey 07063, U.S.A.

Avermectirs {AvM) are a family of macrocyclic lactones isolated from
Streptomyces avermitilis which have potent antheimintic and insecticidal
activity. Structuratlly, A}’Ms possess a i6-membered lactore ring with a
spiroacetal sysiem corsisting of (wo six-membered rings ard an
a-L-oleandrosyl—-z~L-oieandrosyloxy disaccharide substituent at the C-13
position. The naturaily occurring AVMs can be separated into four major

comporen:s (A.a. A B._  and B“a)' of which the B series are generally

PNl

23 e

mcre’' bioicgically  active. A synthetic  derivative  of BI‘
22-23-dihycroavermectin (B, ivermectin, (VM) has been developed for

veterinary and medical use.

Specific high affinity (3Hi IVM binding sites have been identified in rat and
cdog brain prepara:‘.oml‘z. however, no studies have described the presence
of specific AVM binding sites in ‘tissues from AVM-sensitive target
organisms. In this report, we describe the binding of [3H] VM to membranes
isolated from C3enorhabditis elegans, a free living nematode which is
extremely sensitive to AVM. The characteristics of [JH] IVM binding to
C. elegans membranes are distinct from binding in mammalian syé:ems. and
may enable uc¢ to further understand the mechanism by which this c¢lass of
anthelmintic compounds works.

Specific [3H] IVM binding to Q elegans membranes is saturable with an
apparent dissociation constant, KD' of 0.26 nM and a receptor concentration
of 3.53 pmol/mg protein. [JH] IVM binding in C, elegang is linear with tissue
protein concentration and optimal binding occurs within a pH range of 7.3 to
7.6. Kinetic anaiysis of the binding showed that the reaction proceeds by a
:wo—sfeb mechanism. Initially, a rapidly reversible ccmplex is formed and
after additional incubation this complex is transformed to a much more
slowly reversible complex. Stereospecificity of [3H] IVM  binding to
C. elegans membranes was demonsirated by competition with a se¢ .es of
AVM 'derivatives. The in vivo effect of [VM and its derivatives on
C, elegans motility is concentration depencent and correlates weil with
their relative binding affinities. Several putative neurotransmitters
inélud'mg GABA, carbamyl choline, taurine, glutamate and dopamine were
tested and found to have no effect on [VM binding. Specific IVM binding
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sites were also identified in rat brain, however, the affinity is approximately
100-fold lower than that observed in C. elegans and stereospecificity studies
demonstrate significant structural differences in the two binding sites.
These results are the first direct demonstration of a specific IVM binding
site in nematodes and thus important in further understanding its moce of
action.

1. Pong,$.S.and Wang, C.C. Neuropharmacoi. ~198\‘), 19 311317
'2. Drexler, G. and'Sie'ghart. w. EQ:". J. Pharmacol. 1984 99 263-277
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ARGIOPINE DIFFERENTIATES BETWEEN VERTEBRATE AND
INVERTEBRATE GLUTAMATE BINDING SITES

James M. Schaeffer, Thomas L. Shih, Mervyn J. Turner and He!mut Mrozik

Merck Sharp & Dohme Research Laboratories, P.O. Box 1000, Rahway, New
Jersey 07063, United States .

Several spicer vencms contain components which specifically inhibit the
postsynaptic response of cells to glutamate stimulation. The chemical
identities of several of these toxins have been determined. Argiopine was

first isolated from Argiope lggatal and more recently, siructurally simiar

3

toxins have been isolated from Argiope auran;iaz, Arareus gemmTa”, Arziope

Arifasciata’, Nephilia clavata® and Nephilia maculata®. It has been

postulated that these toxins inhibit the EPSP by directly binding to the
postsynaptic glutamate binding site or via a noncompetitive inhibition ¢f the
glutamate regulated ion channel, however, their precise mechanism of
action remains unclear. Our laboratory has recently characterized a
specific, high affinity giutamate binding site associated with membranes
isolated from the nematode, Caenorhabditis elegans. In this poster we
describe the effect of synthetic argiopine on glutamate binding to
C. elegans membranes in order to characterize the interaction between
argiopine and the glutamate receptor.

Argiopine inhibits specific [3H] glutamate binding to membranes isolated
from (. elezang with a dissociation constant, Kl' of 8uM. Conversely,
argiopine has no inhibitory effect on specific glutamate binding to
membranes isoiated from rat brain, and at concentrations greater than 10
wM argiopine stimulates glutamate binding. To further characterize
argiopine inhibition of (3H] glutamate binding, C. elegans membranes were
incubated with increasing concentrations of (3H} glutamate in the presence
or absence of a fixed concentration of érgiopine (5. 10 and 1S uM). The
doublg reciorocal plot of this data yields a series of lines intersecting at the
y-axis, indicating :hat argiopine is a competitive inhibitor of glutamate
binding to sites in C, elegang membranes with an inhibition constant of 6
uM. The affinity of glutamate binding to C. elegans membranes in the
absence of argiopine is 0.42 uM.

In orcer to evaluate the i vivo nematocidal activity of argiopine, C, elegans
were incubated in the presence of increasing concentrations of argiopine and
the percentage of motile werms was guantitated after 24 hours. The EDSO
(concentration at which 50% of the worms remain motile) is 25 uM. The
addition of exogencus glutamate does not alter the argiopine effect.
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These findings demonstrate that the nematode glutamate binding site is
pharmacologically|distinct from the mammalian site and represents a target
for the development of compounds with specific toxicity to nematodes.

Grishin, E.VJ), Volkova, T:M., Arsenev, A.S., Reshetova, 0.,

Onoprienko,
Bicorgan. Khim. 1986 12 1121-1124
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Adams, M.E., [Carney, R.L., Enderlin, F.E., Fu, E.T., Jarema, M.A., Li,
J.P., Miller, |C.A., Schooley, D.A., Shapiro, M.J. and Venema, V.J.
Biochem. Biophys. Res. Comm. 1987 148 678-683.

Aramaki, Y., [Yasuhara, T., Higashijima, T., Yoshioka, M., Miwa, A.,
Kawai, N. and|Nakajima, T. Progr. Japan Acad. 1986 62 359-362

Hashimoto,

Y., Endo, Y., Shudo,' K., Aramaki, Y., Kawai, N. and
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INHIBITION OF TRANSMISSION AND REDUCTICN OF GLUTAMATE
UPTAKE IN RAT HIPPOCAMPUS BY DELTA-PHILANTHOTCXIN

Nico C.M. Schluter, Albert Lind, Jan van Marle® and Janneke van

Weeren-Kramer

Department of Pharzacology and Electronmicroscopy®, University of

Amste»rdam. Meiberzdreef 15, 1105 AZ Amsterdaaz, The Netherlands

The wasp Philanthug triangulum paralyses workers of the honeybee

Apis mellifera by blocking the excitatory neuromuscular

transmission. This glutamatergic transaission is affected by
delta-philanthotoxin (8-PTX) at two different synergistically
acting processes, a presynaptic reduction of the high affinity
glutamate reuptake‘ and a postsynaptic block of the glutamatergic
cation cl‘.a.ﬂ.nell - . We have studied both glutamate reuptake and the
glutamatergic excitatory neurotransaission in rat hippocampal
slices. For uptake éxperiments 200 um glices were prepared and
incubated under hYigh affinity conditions. The preparaticns were
incubated i‘n 10 uM of 4-PTX for 30 ain resulting in & reduction of
‘ 74% of the glutamate uptake. The effect on excitatery synaptic
transmission was studied by recording field potentials froa the
stratum radiatum and stratum pyrasidale of the CAl region of a
hippocampus slice (4COu)} evoked by paired stiauli (interval 20 as)
given to the Schaffer collaterals. Substancial inhibition of the
transmission occurred at 800 pyM of the synthetic toxin &-PTX-S,,
which probably contains 400 uM of the active isomer &-PTX (Piek et
al. this meeting). This has been found for both the excitatory
postsynaptic potential and the population spike.
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ASSOCJATED WITH A CALCIUM ACTIVATED POTASSIUM CHANNEL

Michae! ]. Seagar, Beatrice Marqueze. aad Francois Couraud.

~ Laboratoire de Biochimie. CNiiS UA 1179- INSERM U172, Faculte de |
Medecir.e Nord, Bd. Pierre Dramard, 13326 Marseille Cedex 15. France.

Apamin, a 2kDa peptide {rom bee venom. is a potent convuisant in
the mammalian CNS with a LD5g of about 10 ng/mouse by intracerebro-
ventricular injection. Its neurotoxic action has been attributed to specific
‘blockade. at nanomolar concentrations, of the slow Ca** activated K* current
t1aHp) that underlies the late afterhyperpolarization in certain neurons. ! 2.
It is however inactive on the rapid voltage sensitive Ca** current (¢}
responsible for spike repolarization and early hyperpolarization wtncn is
probablv carried by high conductance BK channeis. 1.2

Mono [1251) iodoapamin binds with high affinity 10 intact cultured
neurons (Xp= S0pM. Bmaz= 500-1000 sites/cell) and svnaptic membranes
1Kp= 30pM. Bmax= 30fmol/mg protein)3.4. [t is therefore a potentially
useful K* channel probe, although the very low receptor density is a
limiting factor.

Apamin contains {wo primary amines (alpha cys| and epsilon lys4)
that can be modified to produce photoactivable arylazide derivatives.
Photoatfinity labeling with these derivatives has identified receptor
polvpeptides of 86, 59 kDa accessible from the alpha cvsy position and
33 kDa accessible from the epsilon lys4 positionof the bound ligand. This
suggests that apamin binds at the interface between 3 putative K* channel
subunitsd. Radiation inactivation studies were carried out to determine
which of these polypeptides functionally constitutels) the binding site.
Increasing exposure of {rozen brain membranes to 10MeV electrons lead to
a monoexponerntial decrease in receptor capacity indicating a target size of

84-115 kDa5. The simplest interpretation 1s that the 86 kDa chain alone
carries the neurotorin binding site.

The apamin binding protein can be extracted from rat bram
membranes using sodium cholate. Scatchard analysis of equilibrium binding
data revealed a single class of non-interacting sites with Kp=40pM and
Bmax=17fmoi/mg. protein. As in membrane inserted receptors apamin
binding is stimulated by occupation of a K* ion site that saturates at low
millimolar concentrations. Other cations can be substituted for K* with an
alfinity sequence: K*~T1*=Rb*> Cs*> NH4*» Li* or Na*. This K* selective site
may be associated with the ion permeation pathway implying that the .
solubilized receptor 18 closely linked to the X* channel. The traditional K*
channel blockers quinidine and ietraethylammonium® displaced apamin
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from its solubilized receptor at concentrations similar to those required ¢
block [lux through apamin sensitive channels®.

The apamin binding protein extracted with sodium cholate thus
retains certain properties indicating that the K+ channel 15 part of the same
solubilized protein. Analysis bv sucrose gradient centrifugation showed that
the receptor sediments with $20 w= 20, corresponding to 2 molecular
weight of about 700kDa. however as much as 5S0% of this could be
contributed by the detergentd

Receptor sites for 125]-apamin have also been detected and
ideatified by photoaffinity labeling in primary cultured astrocvies and
heart cells as wel] as in membrane preparations {rom liver and smooth
muscle. A 86-87kDa component was present in all these tissues whereas
the 57-59 and 33kDa polypeptides were revealed in some but not in
others. These observations support the hypothesis that the larger chaimn
contains the apamin binding site while the two smaller polypeptides are

noncovalentlv associated peripheral subunits’-8.
‘ The tact that glial cells possess apamin receptors and presumably
therefore apamin sensitive K* channels is of paiucular iaterest. Astrocytes
are Xnown to be 1nvolved in redistributing K* in the central nervous
system. [ these channels play a role in this process their inhibition could
increase the extracellular K* concentration which would stimulate neuronal
firing and coniribute to apamins central neurotoxicny7
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REVERSAL OF BOTULINUM TOXIN SYNAPTIC BLOCKADE
BY NICOTINAMIDE AT THE RAT NEUROMUSCULAR JUNCTION.

R.A. Shiells and G. Falk.
Biophysics Unit, Physiology Department, University College,
London, Gower Street, London, WCIE &BT.

There s increasing evidence indicating that botulinum :oxin type D
inhibits Ca®™ - dependent exocriosis via ADF-ribosvlation of intraseilular
proteinst.?. The question arises.whether this is the mechanism by which the
toxin interrupts synaptic transmission at.the neuromuscular junction. We
have demonstrated that nicotinamide. a known inhibitor of ACP-ridbosylaticn,

reverses the effect of pertussis tosin which ADP-ribosylates the G=-protein in
retinal rods?.*.

Rat diaphragm nerve-muscle preparations were incubated with botulinum
toxin type D (2.5 wg'ml) in the presence or absence of nicotinamide (10 mM).
Contractions persisted in the presence of nicvoitinamide up to 1 hr after addition
of the toxin. To ensure toxin entry into nerve terminals, incubations were
made for 4 hrs in oxygenated L~13 culture medium (Sigma) at 35°C.
Intracellular recordings of miniature end-plate potentials {(m.e.p.p.s) were
obtained from end plate regions of muscle fibres after incubation with
nicotinamide and toxin (Fig. 1.a.). Removal of nicotinamide resulted in a
progressive reduction in m.e.p.p. amplitude and frequency {b,c.) over a period of
20 minutes indicating toxin action. Subsequent re-application of nicotinamide
to the bathing medium resulted in 2 progressive recovery of rﬁ.e.p.p. amplitude
and frequency over a similar time course {(d,e.). Blockade of the ‘spontaneous ‘

b TN USSP N PN Ty VNS STRVA

] 1 av

Fig. 1. Reversal of botulinum toxin action by nicotinamide. The
membrane potential decreased from -67 @V in (a) %o -55 oV
in (e) during the recording.
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release of transmitter from nerve terminals may be used as ar indication of
neuromuscular transmission blockade by botulinum toxin®. While the results
provide strong evidence that dotulinum toxin type D interrupts neuromuscular
transmission by ADP-ribsyiation of intracellular 'proteins. the definizive |
experiments on evoked end~-plate responses have vet to be done. .\".‘cot:namide
and cogeners ma: D+ effestyv: n tne treatment cof totulism, and otner d.seases

caused by ADF-mbosilating toxir-producing pathogens

We wouid like to thank D.E. Knight for assistance and advice and the

M.R.C. for 2 project zrant.
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EFFECTS OF IVERMECTIN AND RELATED COMPOUNDS ON STRETCHER MUSCLE OF
THE LINED SHORE CRAB (PACHYGRAPSUS CRASSIPES): ELECTROPHYSIOLOGICAL
RESPONSES AND CORRELATIONS WITH ANTHELMINTIC ACTIVITES.

David P. Thompson, Lamar Lee and Jerry W. Bowman

Parasitology Research, The Upjohn Company, Kalamazoo, MI, USA 43001

Effects of lvermectin (IVM) anc several related compounds on membrane electrical
properties of shore crab stretcher muscle were examined using standard
intracellular techniques. Results of these studies show IVM reduces input resistance
(Rm) while slightly hyperpolarizing muscle fibers in a concentration-dependent
manner, beginning at 10 nM. At1uM, IVM reduces Rm by 90% within 1 min, and by
85% within 15 min. Replacement of IVM with ClI' channel blockers {picrotoxinin or
lindane) results in partial recovery of Rm. Channel blockers, specific for other ions,
including TEA, 4-AP, TTX and D-600 do not antagonize resistance changes due to
IVM. Muscle fibers bathed in medium containing 20 mM Co2+, 0.1 mM bicuculline,
or predesensitized with 1 mM GABA remain highly responsive to IVM, suggesting
the compound’s actions on this preparation are postsynaptic, yet not dependent on
stimulation of the GABA receptor site per se. Results of similar tests using analogs
of IVM reveal that reiatively minor structural changes often result in profound loss
of biological activity In general, analoys that cause conductance increases in shore
crab muscle also exnibit anthelmintic activity at similar concentrations against the
frea-living nematode, Caenorhabditis elegans. When exceptions occur within the
range of therapeutic leveis, aswith the C-5 ketone or 6,28-deoxy derivatives of IVM,
weaker activity in the anthelmintic assay may be predicted on the basis of

picrotoninin irreversibility in the shore crab muscle assay. That is, unlike other -

analogs tested, only C-S ketone and 6,28deoxy derivatives of IVM stimulate a
. conductance which is not antagonized by picrotoxinin or lindane.
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SYNTHESIS OF 4-PHILANTHOTOXIN
Yulan C. Tong

Agricultural Products Department, Dow Chemical USA
P.0. Box 9002, Walnut Creek, Ca. 94398, U.S.A.

One of the components of the venom of the solitary digger wasp,
Philanthus triangulum, was designated é-philanthotoxin. Its structure
was studied by Piek et al.l we synthasized a racemic sample, which was

found to be chemically ldenzical to the natural product. Blologically,

the synthetic sample was half as active.

Ihe synthetic scheme will be presented.

1. Plek, T., Private communication. Stiructure to be presenced at
NEUROTOX'88, Nottingham, Engiand.



AVERMECTIN By DIRECTLY OPENS THE MULTI-TRANSMITTER GATED
CHLORIDE CHANNEL IN CRAYFISH MUSCLE.

Frank 2Zufall, Christian Franke and Hanns Hatt

Physiolbqisches Institut der TUM, Biedersteiner Strasse 29,
3000 Munchen 40, F.R.G.

We have recently shown with the patch—cl;mp'technique, thaé
glutamate, GABA and acetylcholine (Ach) open the same
chloride channel in opener and stomach muscle of the
:créyfishl'z. Here we present some results of the action of
the insecticide avermect;n B,a (AVM) on these chloride
channels.
Superfusion of excised outside-out patches of the crayfish
muscle membrane with low doses of AVM (10'13-10‘12 M) leads
to a reversible opening of chloride channels with the same
éonductance (22 pS) as those activated by glutamate and Ach,
AVM 10 13m

LFL i AL
‘]‘;, Wm\ ™ ‘&WMTWMWW’&!W\W

B B L

whereas GABA mainly activates an open state with a doubled
conductance level. AVM does not activate the excitatory
glutamate-activated cation channel, which is present on
these patches tco.

The distribution of lifetimes of openings elicited by AWM
could be fitced by a single exponential with a time




constant of about 2,5 -3 ms correspending to the mean open
time, which lies in the same range as those procduced by Ach
and glutamate, but is strongly reduced by increasing the
concentration of the insecticide., Reducing the extra~-

cellular ca?*

-concentration induces the same effect in
activation and kinetics as raising the AVM-concentration.
For the AVM~-induced activation no desensitizatien is
apparent. The bursting behaviour of these channels, which
is normally seen by activation with glutamate, Ach or GABA,

is strongly reduced with AVM.

On inside-cut patches, AVM applied to the inner side of the
membrane, does not cpen any channel. This finding leads to
the conclusion, that AVM does not act from the inside and
is not able to cross the menbrane.

If the AVM concentration is raised above 10711 M, an
encrmous increase in the rate of openings of the 22 S
channel within several seconds occurs, which cannot be
washed out during the lifetime of thé patch (30-60 min).
High doses of picrotoxin (J.O'3 M) can reduce this activity
up to 50 %. The high channel cpening rate is fully restored
in physiological solution after the picrotoxin 1s taken
out. Hcwever, if picrotoxin is applied first, the
irreversible action of AVM is compleéely abolished.

These findings support the idea of an irreversible binding
of AVM to the chloride channel receptor complex.

1. Franke, Ch., Hatt, H. and Dudel, J. J. Comp. Physiol.
A 1986 155 591-609

2. 2Zurall, F., Franke, Ch. and Hatt, H. J. Comp. Physiol.
A 1988 in press



B. PHYSIOLOGICAL ASPECTS
OF RECEPTORS ‘AND'
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FROM ADULT LCCUST MUSCLE
Susan £ Bates, Rcbert L Ramsay and Peter N R Usnerwood

Deoartment_of Zoclogy, The University of Ncttingham, Nottingnam,
England NG7 2RD '

Alincugn extensive investigations of L-glutamata-gated D-recastcr sn2nneis!

in acult lccust muscle nave Seen carried ¢ut, uSing the maga-shm szal

:echnique2’3, studies of these channels urcer giga-ahm seal candiiions

-

have, unti) recen:lya’J, beer confined to sultured, emdrycnic mus:ie®.

5, This
apcears to he due to the presance, in the aduit, of an exiensive givcocalyx,
covaring the surface of tne muscie membrane, which prevenfs the fgrmatiaon of
high resistance seals between patch pipette and muscle membrane. In the

praesent study a cocktail ¢f enzymes - of wnich collagenase is the main con-

stituent - nas deen used to remcve sufficient of the glycccalyx to allcw

gigja-chm seals to he fcrmed.

The extensor tibiae muscle of the metathoracic leg of the desert locust,

Schistocerca gregaria was treated with coliagenase {sigma, type 1A) at a

concentration of 2 mg/m! for 1} to 2 hours at a temperature of 27-28° C.
After this period, giga-ohm seals can be formed readily, using either
'polfshed or unpolished patch pipettes., [n order to observe non-desensitising
ion channels in the presence of L-glutamate, it is necessary to aoply the
Lectin Concanavalin A to the muscle’/. The appiication of Con A ta

. collagenase-treated muscle causes extensive damage to the muscie fibres, and
it is difficult to form giga-ohm seals on preparations which have been
eiposed to both of these treatments. 7o avoid these problems, Con A was a

applied to outside-out satches excised from collagenase-treated muscle.



Patch pipettes contained locust saline with a lew chloride ion concentration
(19 mM) in order to adjust the reversal. potential of the hyperpalarising
glutamate-gated chloride channels$, large numbers of which are observed in
most patches. Also, the pipette saline contained zero Cal* and, in some
axperiments K* was also omitted, in order to minimise the influence of X*

channels.

Ouiside-out‘patches were first exposed to a conditioning pulse of L-glu in
order to establish whether glu recentors were'presen;. Approximately 502
of patches respond to such pulses. [f channels were present, the patches
were then continucusly perfused with Con A'for up to‘G'hinutes. After this
period, non-deseﬁsitising glu channels cculd be recorded from most of the

patches.

The single channel conductance of the depolarising channe1 was similar to
that séen with the mega-éhm technique ie abdut 120 bS. Concentrations of
glu between 10-4 M and 102 M-have been investigated. At the higher
glutamate concentrations, more than one chanhel.was usually seen after
ton A application although, with time, some of these‘channe1s becaﬁe
inactive. Recordings were made from single patches over periods of up to
45 minutes. Kinetic analysis of these 0-glutamate receptor channels is

currently underway.
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{2H;-5-HYDROXYTRYPTANINE UPTALZ 3Y ¥EURCSTS FRCM EMBRYQNIC CTCARCACH.

BRAIN GACYING [¥ PRIMARY CULTURES.
Isabel Bermudez,. , and D. J. Beadle,

School of Biology and Mclecular

Sciencas, Oxfard Polytechnic, Headlngtca, COxford 0X3 QBP, 7. K.

S-hydroxytryptamine (5-4T) i3 widely distributed {a tis {nsect central
2erveus . systanm wherle' £t nmay act as § transmitter’. !+ {3 well
substan%iated that vertebrate tryplaminerglc geuranes poss2ss specific,
sodivm-depeadent trazsport, mechanisas for S-HT2. Ve have, therafore,
investizatad the ability 2¢ {asec: central neurcnes 0 accumulate 5-HT
from *the extracellular mediyz via a sodium-dependent 2echanisa. ¥e
descrite here scme of .thc prcperties aof (39]-5-HT uptake by cockroach
ceatral 2aeurones groewn fn vitro. These cultured cells are known to

possess receptors for 5-HT?.

Yeuronal cultures were prepared from the cerebral ganglia of 23-day old
Periplaneta americana embrycs and grown ia a toctalr calf serum
containing medium as described by Bg:;dle et ale. After 18-20 days of
__growtd (o vitro cultures were incubated for 30 aia {r total uptake (TU)
saline (200 aX ¥aCl, 3.1 aX ¥Cl, 9 mf CaCla, 3.1 M Tris-HCl; pH 7.2)
contaiaing 10 uM pargyline and 1 uX (?H1-3-HT (spec. act. 14.%5 Cl/mal).
After incubatica the cultures were rinsed is TU saline and then fixed in
glutaraldedyde for 30 =13 at 4°C. The effect of soziux ions and low

teaperature an (?§1-34T uptake was luvestigated by perforaing uptaie 1n’
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a sodiua-free saline and at 0°C respectively. The effect of 1 uX
imipranine and 1 uM S,6-dihydroxytryptamine (5,6-DHT) was examined by
includiag these substances {n the incubation saline.

The fixed cultures were coated in llford Ke emulsion. After 20 days
exposure tis autgradiographs were developed and then examined with both

bright-field aad phase contrast optics.

Autoradiographs of the reuronal oultures showed that approximately 30%
ef the cultu;ed neurones accumulated trittated S-HT from the
extr‘acellular medium above bdackground ‘levels., [?H]-S-HT labelling
appeéred to be highly specific as labelled and uanlabelled ceils were
seen {n close proximity. [3H]-5-HT uptake was reduced to background
levels by socdiux-free saline and low tamperature. (?H]-SET accumulation
was also reduced by inipra_nind and 5,6-DHET, two known inhibitors of S-HT
uptagte by mAzmalian tryptaminergic neurones®.

Qur results suggest that a small population of the cultured cockroach
neuranes are endowed with sodium- and ;:einperature-dependenfc v'carriers for
$-HT. The possibility of using thess carriers as a#toradicgraphic
n'rkers' for the {identification of ‘subpopulatiuns of cockroach cultured
neurotes {s currently being investigated. The ‘susceptibility .of
‘cockrsach neuranal 'upfake of 5-HT to inhibition by imipramine and 5,6~
DHT was similar to that reported for mml}an tryptaninergic neurones,

suggesting siatlarities in the siructural requirements of the iasect and

sanmalian 5-27 carriars.

4‘ anthen Halk CiBA- GEICY LHd,, ?asd’ for Fmameral
‘ufrorf Juﬁ—ﬂ e Cvume 0’ s  werle. )
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THE DDT/PYRETHROID RECOGNITION SITE OF THE VOLTAGE-SENSITIVE
SODIUM CHANNEL: INT ERACTIOI\S WITH ALKALOID ACTIVATORS AND SEA
ANEMONE TOXIN

Jeffrey R. Bloomquist and David M. Soderlund

. Department of Entomology, New York State Agricultural Expenmem Stzmon, Comell

University, Geneva, NY 14456 USA

Abundant electrophysiological evideqce suggests that the voltage-sensitive sodium channel
is the primary target site for DbT and pyrethroid insecticides.] However, complementary
biochemical smdies are needed to e:;pand our understanding of the interactions of these
insecticides with their binding domain on the §odium channel. Application of radiotracer
methods to this problem have demonstrated pyrethroid-dependent enhancement of 22Na*
flux through chenﬁcally-activat}:d sodium chanﬁcls.2»3 In order to better understand the .
nature o( these pyrethroid effects in sodium uptake assays and their relationships t¢
mechanisms of acute toxicity, we have undertaken a study of the interactions of DDT and.
pyrethroid insecticides with alkaloid-dependent activation of sodium channels in mouse

brain synaptosomes.4

In survey experiments, saturating concentrations of DDT, cismethrin, and deltamethrin
enhanced sodix'xm uptake stimulated by veratridine and batracRotoxin, but inhibited uptake
stimulated by aconitine. Concentration-response curves for aconitine run in the absence
and presence of 10 pM cismethrin demonstrated that the inhibition was noncompetitive.
This unanticipated inhibitory effect of insecticides on aconitine-dependent sodium uptz;ke
reveals unique characteristics of the interactions of aconitine v;ith the activator recognition
site that are not ﬁhmd by veratridine and batrachotoxin. Studies of the cffecis of
insecticides on veratridine- or batrachotoxin-stimulated uptake found small insccticidc-.
dependem increases in the potency of these activators. In addxnon to this effect, DDT and
del!ame(hnn. but not cxsmethnn, enhanced maximal uptake stimulated by veratridine.

These findings show that msecuc:de-dependcnt modifications of activator potency and
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efficacy represent two separate effects that may vary independently with the structure of the

insecticide iigand.

Additional experiments were designed to assess the interactions of insecticides and tdxin I1
of the rea anemone Anemonia sulcata (ATX II) as modifiers of alkaloid-dependent uptake.
DDT and ATX 1I acted synergistically to increase uptake stimulated by veratridine,
Moreover, DDT shifted the pb(ency of ATX I forlenhancing ve:atridine-dependcnt uptake
to five-foid lower concentrations. In contrast, DDT and subsaturating concentrations of
ATX 1l acted independently in their enhancement of sodium channel activation by
batrachotoxin. Mutually cx‘clusivc effects on veratridine-dependent Gptakc were observed
when cismethrin-was coapplied with ATX II. However, independent effects of 'cismgzhrin
and ATX II were found with aconitine-modified channels, in that cismethrin was able to
inhit;it ATX U-enhar;ced aconitine-dependent sodium flux.” Thus, the interactions bctweer; .
insecticides and ATX I as modifiers of alkaloid-dependent uptake are corﬁplex and depend

on the insecticide-activator combination under study.

1. Lund A. E. and Narahashi, T. Pestic. Biochem. Physiol. 1983 20 203-216.

2. J‘acques. Y., Romey, G., Cavey, M. T., Kanalovski, B. and Lazdunski, M. '
Biochim. Biophys. Acta 1980 600 882-897. '

3. Ghiasuddin, S.M. and Soderlund, D:M. Pestic. Biochem. Physiol. 1985 24 200-
206. B |

4. Bloomquist, J. R. and Soderlund, D. M. Mol. Pharmacol. (submitted).
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THE EFFECTS OF DOPAMINERGIC AGENTS ON AN IDENTIFI®D COCXROACH INHIRITORY MOTONEURONE
JULIAN P L DAVIS & ROBERT M PITMAN '
Dept. of Biology & Preclinical Medicins, Gatty Marine Laboratory,
University of St Andrevs, St Andrevs, Pife, Scotland.

Catecholamines have been datected i{n the nervous systams of several insect
species. In the ventral nerve cord of the cockroach (Periplaneta americana, L.), the
dopamine content is appro;inatll&,9-10 times that of noradrenaline, while adrenaline
is 1nd.tcc:ab1¢.1

fntracqllulat current-clamp and volc:ge-clamp'rccotding: have besn made from the
soma of 3 prothoracic common inhibitory motoneurons (designated D) by Ilnsz); the

" preparation was set up in a manner similar to that ﬁttviously described for the

metathoracie gan;llonj.

Intracellular current-clamp recordings show that the application of dopamine to
the soma of thts.mo:onnuronc causes depolarization associated vith a modest fall in
input ro:lstanca“. More recent voltage-clamp studies have shown that the response to
dopamine is very voltagze-dependent. At holding potentials closs to the normal resting
potantial (about -60 mV), dopamine produces a relatively small inward current; at
holding potentisls progressively sore negative than -100 to -150 aV ths magnitude of
the current increases dramatically. At holding potentials positive ralative to the
resting potential, the invard current increases more gradually, then decreases, and
!innlly reverses (at approximately 0 aV). Tie functional significance of this unususl
currant-voltags relationship is as yet unclear, but might indiéat‘ that dopamine is
having a ptodo-inintly lodulitoty sctior. The neurone is also depolarized by the

- dopaminergic agents ergotamine and spomorphine. Other agants, including octopamine,

noradrenaline, and scetylcholine, slso cause a dcpolattzaiion. S-hydroxytryptamine
produced no detectable response. . :

The action of octopamine has a similar voltage-depandence to that of dopanmine,
vhile that of acetylcholine shows very littls voltage-dependance. Noradrenalina, on
the other hand, has a current-voltage telationship similar to that of dopamine at
potantials negative relative to the resting potential, but no inward current is sean
at potentials positive relative to the resting potcntili. The respanse instead
raversas at approximately -50 sV, and the outvard current then incraases in magnitude
at poiinétnls prograssively more positive relative to the resting potential.

A targe of antagonists have daen tested on the prnptratioﬁ to determine vhether
the response to dopsaine involves & specific dopamine receptor, and if so, vhether it
has charscteristics similar to sammalian DX ot D2 rcc-vtoiss. The cholinergic
antagonists gallamine and a-bungarstoxin have deen tasted to ascertain vhether the
response to dopamine could be the result of an interaction with acstylcholine
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recaptors. Bath antagonists suppressed acetylcholinel responses, dut had no effect an

dopamine responsas. Metoclopramide dlocked sctspamiae sesponses, having no effect on

dopamine responses. This antagonist has been applied to the locust extensor-tibise .
muscle, wvhere it blocks potentiation of twitch tension and the increase in the level
of cyclic-AMP, both mediated by oc:opanir06'7. Zr;otrninc blocked noradrenaline

tesponses, leaving dopamine responses unaffected. Tha effects of a range of

antagonists to macmaiian Dx and 92 raceptors have besn studied (see Table 1);
dopamine responses could be blocked by bdoth D1 and Dz antagonists.
Tabla 1. Effects of dopaminergic antagonists on dbppamine responsas in the
" soma of a cockroach prothoracic common inhibitory motoneurcns.
Antagonist Mammalian target Action on Insect
receptor Inhibitory motoneurcne
Fluphenazine (107 %) /D, . ~ +
(+)-Butaclamol (107'M) D,/0,. +
cis~Flupenthixol (IO'QH) D, . +
sci 23390 (16™%) 0, .
Metoclopramide (>10'6H) ‘ D, -
Spiroperidol (lO-SH) DI ‘ >
Haloperidol (10°%%) 0, +
™ 09151-2 (10”4 0, +
+ » reversidle block - = no effect +* 4 {rreversible block

These observations indicate that dopamine responges recorded from the prothoracic
common inhibitory msotoneurone are unlikely to be due éo the interaction of dopaﬁin.
with receptors for acetylcholine, octopaamine, or northcnilino. but probably invelve
specific receptors for dopasine. Agants vhich 1ntltf+ti with cyelic nucleotide
matabolism have no effect on dopamine rasponses or the slectrical propertiss of the
ncuronc‘. and it is therefore unlikaly that dopamine ﬁrcducns {ts effacr through a
rise in the level of cyclic-AMP. Dopamine responses are blocked by antagonists
selactive for both masmalian D‘ and D2 recaptors; th%s {nsect recaptor, therefore,

does not appear to conform to the classification of Xeababian and Calnos.

Dymond G R, & Evans P D (1979): Insect Biochea. 4: 535-548,
Iles J 7 (1976): Phil. Trans. R. Soe. Lond., 5274. 208-219.
,
Pitman R M (1975): J. Physiol., lond. 247: 511-520.
Pitnan R M, & Pleaing J R (1985): Pesticide Science 161 A77-448,
Kebabtan J W, & Calne D B (1979): Naturs, Lond. 2Z77: 93-96.
Zvans ? D (1981): J. Physiol., Lond. 318: 99-122.
Evans P D (1984): J. Physiol., Lond. 348: 307-324.
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OCTOPAMINE RECEPTCR SUBTYPES IN LOCUST 3IKELITAL MUSCLE: ACTICNS OF
OCTOPAMINE AND SYNEPHRINE STEREOISOMERS

. )
Peter D. Evans’, C. Mohan Thonoor™ and John M. :4!idgley2

1

“AFRC Unit, Dept. of Zoology, University of Cambridge, Downing Street,
Cambridge, CB2 3EJ. and "Dept. of Pharmacy, University of Strathclyde,
Glasgow, Scotland, Gl 1XW.

In invertebra't'e nervous systems specific octopaminergic neurones have
been identified, tcgether wi*h target-'sites for the action' of their
released octopaminel., Many of these target sites possess specific
octopaminergic. receptors with different pharmacological preperties to
vertebrate alpha and beta adrenergic recéptorsz.

Neuromuscular transmission mediated by the slow excitatory motor
neurore (SETi) to the extensor-tibiae muscle of the metathoracic hindleg of
the locust is mdulated'by both prgsynaptic ang‘postsynaptic octopamine

x-eceptor:s3 which have been designated OCTOPAMINE " and OCTOPAMINE..

2A 2B
receptors respectivelyz. Drugs that affect the OC'IOPAMINEZA receptors

increase the amplitude of SETi-induced twitch tension and drugs that affect

the 0(:'1'01”)\.'41!"-:28 receptors increase the rate of relaxation of SETi-induced
twitch tension. In addition the myogenic rhythm of contraction and
relaxation found in a proximal pundle of muscie fibres in this muscle is
reduced in {rgquef:cy when O(:'I%)PAMINE1 receptors are aétivated?;

Octopamine occurs in three different structural isomeric forms, para-,
meta- a;xd ortho—octopamiﬁe, all of which have been shown to occur naturally
in vertebrates‘. In insects only g—octopaniine has beea unequivocally
demonstcated to be naturally occurrings but m-octopamine has been claimed
to be s{mthesised from L-dopas. Here we describe the activities of the
sterecisomers of m-.p~ and g-ocfopémine and of m- and p-synephrine on the
different subtypes of octopamine receptor present in the extensor-tibiae
muscle of the locust hindleg. ' '

The rgnk order of potency of the (-)-forms or{ the OC'I'OPAHINEZA
receptors was p-synephrine > p-octopamine > m-octopamine > g-octopamine >
g—synephrine; whilst the rahk. 'ofdar of the (+)-forms was p-synephrine >
p-octopamine > m-octopamine, (+)- m-synephrine and (+)- 9-octopamine had no
effect on this class of receptor when testeﬁ up to a concentration of
1073, '

The rank order of pctency of the (-)-forms on the OCNPAHINE28

receptors was p-synephrine > p-octopamine > m-synephrine > m-octopamine =

g-octopamine whilst the fank order of the (+) foms was p-octopamine >
g—simephrino > m-octcpamine > g-octopamine. (+)- m-synephrine again had no
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effect up to a concentration of 10-;M. _

The rank order of potency of the (-)-forms on the CCTCPAMINEI
receptors was p-synephrine > p-octopamine > m-synephrine > m-octopamine >
o-octopamine, whilst the rank ol the (+)-forms was p-synepdrine >
p-octopamine > 9-6ctopamine > m-synephrine > m-octopamine.

In all cases the (-) stereoiscmeric forms of all the structural
isomers tested were more potent than the (+)- forms with isomeric activity
ratios varying from 2-2325. In general all the isomeric forms of
oc:opamine, and svrephrine tested were much more potent agon:ists of
OC‘X‘OPAHINE1 receptors than OCTOPAMINE
noticeable for the m-isomers, where (-)- m-octopamine, for example, was
30,000 and 5,000 times more potent on OCTOPAMINE, than on CCTCPAMINE

‘ 1 ZA
and OC'I‘OPAMINEZ° receptors respectively. The isomeric forms of octopamine

2 receptors. Tlis was particularly

and synepnrine differ in the rank order of potency on insect octopamine

_receptors from that found for alpha and beta adrenergic recepcer subtvpes

7. :
in vertebrates 8. On vertebrate adrenergic receptor subtypes meta

isomers are in general more potent than the corresponding para-iscmers

. whereas the converse is always true of insact octopamine receptors. This

suggests thot the rank order of potency of the different stereoiscmeric
forms of the structural iscmers of octocamine and synephrine may be of use
in the differentiation of specific octopamine receptors from adrenergic

raceptors in the verthbratp nervous system.
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DELTAMETHRIN RAISES POTASSIUM ION ACTIVITY IN THE MICRO-ENVIRCNMENT OP

THE CENTRAL NERVOUS SYSTEM OF AN INSECT, Periglanetn americana

Christopher B, Hendy and Mustafa B.A., Djamgoz

Depaitmenc of Pure and Applied Biology, Imperial College, London SW7 2BB.

Pyrethroid poisoning of in;écts has ‘been shown fregquently to involve
repetitive spike actiﬁity in the intac; central nervous system (CNS).1 In’
isolated axons of the cockroach, deltamethrin (DM) was found to cause
sodium-dependent, tetrodo:oxin-sen;i:ive depolarizaeion of membrane
potenttalsz, whiist in vivo itlinducgd repetitive firing leading to
conduction block.3 Houevef. ignic events occurring witﬁin the CNS

micro-enviromment during pyrechroid action are notvknovn. This study reports

effects of DM on extra-neurocnal '3 activity, (K’]., in the ventral nerve
cord (VNC) of the cockroach.
Experiments were performed on a doisally-dissected cockrsach

3,4

preperation described earlier. [x*].'s were measured using

double-barrelled K’ -sensitive micro-electrodes based on a neutral
1on-ca:riet‘;'spontaneoas activit} ih the VNC v;s ;onitoted using a suction
electrode. DM was used at 10 um.as a tast-acéing woriihq concentration.3

At normal room temperature (arocund 20°C), DM=~induced increase in neural
agt;vity was followed by a gradual rise in [K*jc. The time course of the .
latter effect was more 6: less linear over 135 minuées; during this period
(‘tle increased from the resting value of 4.5 mM to about.7.5 mM. We have’

previously shown that at this value of [x+le' neural activity would not

normally be af!ected.4 Upon cooling the preparation to 8°C, {K+]e rose to

around 6.4 aM. When DM was subsequently applied, [x"]e gradually increased

—

by a further 1.2 aM to 7.6 mM over 20 minutes and.tenained-stéady>at this:
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value. Spontaneous activity was mostly suppressed. There was no significane
diftefence bgtueen the £ nal values of [K‘le reached 135 nigutes after OM'
treataent at 20°c‘vs. s°c. Thus, suppressing metabolic ion pumping by
cooling does not seem to affect the DM-induced rise in [x’).. When the
structural component of the blood-brain batrie; was dest;ucted by
application of )} M urea for 15 secondss, (K’]e initially tgse, then fell to
around 4 mM. After DM treatment, [K’]. remained unchanged for about 19
minutes, then rose over the following 25 minutes to 4.4 sM. Spontaneocus
activity increased transiently before conduction block Jas achieved.
However, the latter increase was considerably less than nozgal, although
conduction block occurred over approximately the same time course. It was
clear that spontaneous activity bursts preceeded the rise in [x’l;.
ﬁn conclude that the insect blood-brain barrier is involved to a limited
extent in shaping the action of DM on cockroach axons. However, the
metabolic component of the barrier does not appcnr to be the primary cause
of the well-xnown negative temperature coefficiency of pyrethroid actlon.6
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congsiderable evideTgs for GABA as the inhibitory transmitter onto
wall muscle cells there have been only limited studies on the
of the GABA receptor involved. Piperazine has been shown t? @imic
f GABA on these cells and probably acts on the.same receptor™’ .
ntic Avermectins, first isolated ten years ago”, have b;en shown to
aracteristics of the GABA single channel current pulses’ in Ascaris
« The aim of the present study is to characterise the Ascaris
receptor and investigate the action of avermectin on these cells.

the action
The anthelmi
alter the ¢
muscle cell
muscle GABA

‘Intrac
active cell
perienteric
intracellul

llular recordings were made from both silent and spontaneously
in Ascaris muscle body wall maintained at 32 or 37°C in artificial
fluid (APFJ. In the case of the silent cells, a second
r electrode was inserted to inject current pulses and ensble
of membrane conductance. Bioelectric potentials were amplified

using conventional electrophysiological recording techniques and displayed on a

" Hewlett-Packard pen recorder. Muscle cell membrane potentials were usually in’

the range -30 to -40mV., The action potentials recorded from active cells were
up to 40 mV amplitude. Drugs were applied by perfusion over the preparation at
9 rate of 7 ml min-1 for up to 3 min. In some experiments GABA was applied
locally to the cells by pressure ejection using a Picospritzer (1 mM in
pipette).

Hill analysis of concentration response curves for cell hyperpolarization
to bath applied GABA gave an EC 50 of 12.6 +/= 0.2 pM and a Hill coefficient af
2.2 +/= 0.2 (n=5, +/= SEM), The Hill coefficient is consistent with the
hypothesis that up to 2 GABA molecules are required to activate the GABA
receptor. GABA 10 pM increased input conductance by up to 2.3 pS against a mean
resting inpui conductance of 2.57 +/= 0.17 pS (n=17). The mean GABA induced
increase in input conductance as a percentage of control was 34 +/- 8%. The
GABA responsk is dependent on external chloride concentration and is independent
of changes in external sodium and potassium,

A range of GABA receptor agoriists was epplied by perfusion. The relative
potency compared to GABA was calculated as tha ratio of a GABA concentration to

.an equipotent concentration of sgonist, from parallel portions of the dose

response curye [TABLE 1]. Bath applied bicuculline methiodide, picrotoxin,
secyrinine, pitrazepin and SR 95331 were unable to antagonise the

hyperpolarization resulting from pressure ejection of 1 mM GABA onto the muscle
cells.
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Avermectin (MK 936 : 80:20 mixture of Avermectin B-la and Avermectin B-1b)
wag tested on silent cells, against the GABA response and on the membrane
potential or conductance of quiescent cells. Avermectin (1 pM) irreversibly
reduced the response to pressure ejected GABA by sbout 25% (n=17). Avermectin
(1 yM) blocked action potentials in spontaneously active muscle cells. This
block was unlike the fast inhibition of spontaneous activity seen with GABA
epplication since Avermeéctin block developed after 26 +/- 6 min. (n=7) and was
not accompanied by membrane hyperpodarization. Avermectin failed to exert a
biock of spontaneous activity when the cells were perfused with APF in which
acetate ions have been substituted for chloride ions. However it still exerted
a block in the presence of 10 pM picrotoxin. :

This pharmacological profile for the GABA response of Ascaris muscle cells
indicates that the receptor involved does not readily fit into the vertebrate
classification. This study demonstrates that Avermectin blocks, with a slow
time coutse, the GABA response in quiescent cells and action potentials in
spontaneocusly active cells in a chloride dependent, picrotoxin insersitive
manner. Further studies are in progress to determine the extent to which these
properties of Avermectin contribute towards its anthelmintic action.,

TABLE 1.

RELATIVE POTENCIES OF CCMPCUNDS ON ASCARIS MUSCLE 8AG CELL COMPARED TQ GABA
INOUCED HYPERPOLARIZATION.

Orug . Relative Potency (nz )
GABA 1
trars-4 AMINQCROTONIC ACID 0.55 +0.03 (6)
MUSCIMOL 0.25 4+ 0.13 (5)
IMIDAZOLE 4-ACETIC ACID 0.20 =+ 0.03 (4)
ISOGUVACINE 0.19 + 0.07 (3)
GUANIDO ACETIC ACID 0.16 +0.02 (4)
8~-GUANIDOPROPRIONIC ACID 0.085 + 0.017 (3)
§-AMINOVALERIC ACID 0.079 + 0.040 (N
cis-4 AMINOCROTONIC ACID 0.031 =+ 0.017 (M

3-aminopropanesulphonic acid, piperidine-4 sulphonic acid, baclofen, glycine,
8 -alanine, taurine were without effect up to 1 mM,
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ixeda ard Yaplan were able to show tnzs the oroper JK/sen su-
‘nely of the itracneal systez influences the activity patiern

. 1
of ths neurons in Drosoohila melanogaster ,Ikeda /personal

ccmunication, 1935/was succesful to mainitain the resting pote-
ntial of the body wall muscle of iarval Drosconila at 2

level for many hnours. ./ithout precoer air susply tzis resting
potential went decwn %o 3CmV.The purpose of the present study
was Y0 crheck the effact of oxygen supdly on the resting ooue—

ntial of the muscles of larval Tenebrio moliitor.

Abdozinal licngitudinzl ventral zuscles were used for the mea-
. surements of nuscle resting potential.Details\concerning.rea-
‘ring of animals and =aking the preparation are given in preve
ious paperZ.The insect prepared for the experiment’was placed
'in a gpecial charmoer filled withk dhysiological solution,which
nad the following composition/in mmoles/:80NaCl, 40%C1,5CaCl 4
10:3012and.435 glucoseB.The gonstrgction of the chamber allo=-
wed the air to sugply the tracheal system of the 'insect dur=-
ing the experiments. The experiments were performed in two
series :first without air and the second with air supply. In
‘each series 8 animals were used,The measurements were perfo=
rzed at 0,20,30,4C,50 and 80 minutes.In each above mentioned
experimental point 10 measurements were performed on each ane
imal.3ach point on the graph/?ig.i/repfesents the mean value
of 30 measurements I SZ, , ,
The inmportance of oxygenatiocn of the physiological saline in
nicroglectrodevexperiments arises in maﬂy experimental arran-
gements4.It nay be seen from the sresent results of the expe=-
riments with air supcly of the preparafion thaf tais supply
through the %racneal gysten exerts a marxed intiuence on tne
muscle resting doteniial,These. results point ocut the imporitas
nce of trhe concept <2 the complex nature of the genesis of

the auscle rest: ng ootential?:i"is orcblem concerns rot only
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PYRETHROID MODIFIED SODIUM CHANNELS IN SNAIL NEURONES
Tibor Kiss

Balaton Limnological Research Institute of the
Hungarian Academy of Sciences, H-8237 Tihany, Hungary

A theory of pyrethroid action was proposed according to

which both normal and drug rmodified channels exist
simultanecusly in the membrane% Modified channels activate
and inactivate slower than normal ones. It was, therefore
suggested that pyrethroids interact with the various kinetic
‘'states of Na-channel in all cases slowing channel kinetics?'
Upon application- of pyrethroids, however, never was observed
modification of all availakle voltage-dependent Na-channels,
only fraction of them. It can be supposed, therefore that
pyrethroids bindinq to the Na channel promote to open the
_channel into a second conducting state. Presence of the
second open state of the Na-channel in normal conditions
was reported on neuroblastoma3 and heart cells. Here we
bring some evidences supporting this_idea.

Effect of deltamethrin was studied on the Na~channels of

"identified snail /Helix pomatia L./ neurones under voltage-clamp
conditions. At leO'SM concentration deltamethrin decreased the

.festing membrane potentials, amplitude of action potentials
and increased the negative afterpotentials. The main effect
appeared as the marked slowing down of the inactivation of

' the Na-currents. The inactivation curve was shifted to the
depolarizing direction by 10-15 mV, which is different from
the results obtained by other pyrethroidsl '3

In control saline the inactivation of Na-current could be
fitted by one exponential, but sometimes by two. However,
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. after deltamethrin treatment Na-current relaxed always
along two exponentials. The fast / -5-10 ms/ and slow
/ 35-40 ms/ time constants were comparable to time
constants measured in control saline.
The semilogarithmic plot of tail currents in the
presence of deltamethrin revealed two time constants,
which were similar in order of time constants of inactivation
of Na-current. The recovery kinetics from inactivation in
control and deltamethrin treated neurones were similar;
On the basis of our results a kinetical model is suggested
accordin§ to' the pyrethroid increases the possibility of
Na-channel to open into a second conducting state, then
inactivate into the same state but with different rate
_constants, '
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IFFECT OF DIHYDROAVERMECTIN Bya OW Cl SINGLE-CHANWEL CURRENTS IN ASCARIS

Martin, R. J. and Penningten, A. J.
Department of Preclinical Veterinary Sciences, R(D)SYS, Suamerhall,

Sdinbur-h-

We have studied effects of Dihvdroavermectin Bia (DHAYM 2 x 10-12 o

2 x 10-T4) on GaABA-activated channels! and spontanecusly active crannels in

Ascaris muscle membranes using outside-out patches and solutions favourable

for recording C1° currents.

We feound no evidence to suggest that DHAVM (2 x 10-74) can act as an

{onopnore: 00 channel currents were produced after application df DHAVM to
the outside of patches whizh did not contain GABA-activated or spontancusly

active channels; the patches remained quiet.

He fouﬁd that DHAVM (2 x 10~-12M) acts on a spontaneously active (circa 10pS)

' channel to increase the probablliity of being open (Popen’= patches which did

not conthinvGABA-activated channels Sut which cantained the channel.showed
an increase in Popen after DHAVM application,?ig. 1.

DHAWM (2 x 1Of7M) affected the properties of GABA-activated channels: after
a delay it reduced Popan éf GABA activated channels and increased the
variance 6( their channel currents; in some patches DHAWM produced an

init1al increase in Popen before the onset of antagonism.
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Figure 1 Z{fact = ZHEAVM on an :utside cut patch

2 x 107'24 DEAVM {dissolved in 0.I4IMSC) was zdded to the bath anc taus 9
the outside of an outstde cut patch. It drzratically increased Pggen of
spontaneously 2ctive channels wnich have an amplitude of 0.9z4 (10037,
Patch potential: -75aV. Pipette solution ‘mM): 1.CCsCl; éMgClay  STAIS:
T1EGTA; 1CaCly; ad/usted to p¥ 7.2. Zath solution {(a@M): 105 Na acetate;
35 ¥NaCl; 24Cl;  2MzClp;  STRIS; 3 Glucose; SCaClo. Tre dashed line
represents the closed state. The lower trace continues the ugger trace. Up
to three channels are ogen at the end of the lower trace. The effect. of
DHAYM was nct reversed on washinz (not shown). Note the slcw tirme scale
and the increase in the noise liaits as the channels open.

. iomvu 29107 '
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Ton channels formed by a short chain a-helical peptide - Mastoparan.
Ian R. Mellor and M S.P. Sansom.
Department of Zoology. University of Nottingham, University Park, Nottingham. NG7 2RD.

There has recently been considerable interest in ion channel foﬁnazion by a-helical peptides such as
alamethecin ond its derivatives'. These are thought to act via formation of a-helix clusters in the mem-
brane? and hence are of interest as models of the ionophoric regions of channel proteins from excitable cell
membranes. We have investigated two such peptides - Staphylococcus aureus 8-toxin™ and mastoparan,
both of which are active ingredients of natural toxins, and are composed entirely of naturally occurring L-
amincacids. Mastoparan, from the venom of Vespula lewisii, consists of only fourteen agﬁino acid resi-
dues: C |

Deu-Asa-Leu-lys-Ala-Leu-Ala-Ala-Lev-Ala-Lys-Lys-Tleu-Leu-NH, -

Tt is therfore expected 1o form an a-helix of length 2.1nm ie. shorter than the thickness of a li'oid bilayer.

The 'pipette dipping method"® has been used to record from peptide channels mooostituwd in planar
lipid bilayers. In this approach, an arnﬁcnl lipid bilayer is wmbledlon the tip of a patch pipette. This is
done by withdrawing the pipetie tip. from a lipid monolayer spread at an. aiffwater interface, starting with
the tiponthewaﬁrside,andlhathweringilback .Iil:w;hwmmnohye. The lipid monolayer is
spread by evaporation of pentane from a soluion of 1.2diphytanoyi-phosphatidylchaline in pentane added
10 the air/water interface. The air/water interface is simply |he surface of a bath-containing a buffered elec-
trolyte solution.

Mastoparan was added 10 the solution contained in the patch pipett ie, the cis compartment. Inital
experiments clearly showed the formatioa of ion ol:ﬁlmls al mastoparan concentrations of ca. 0.7m
Channel activity was more ptonotmood when the pipette potential was positive. At cis +100mYV, the..chanc
nel conductance was ca. 100-150pS, whereas at -100mV, the conductance was only ca. 30pS. Application

of voliage ramps from -200 1) +200mV across the bilayer, was used 0 construct current-voltage relation-

ships for mastoparan conaining membranes. These were markedly assymmetric, with the channe! predom-

inantly closed at negali#e potentials, and open at positive potentials, The direction of sweep of the ramp ie.
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.2.

positive to negative or negative to positive, did not appear to alter the shape of the relationship.

FigA. A current vs. voltage plot for a single voltage ramp sweep, FigB. An average [-V plot of 26 such

ramps. .
X o
A 3 B8 1
go gn
- .M m 20
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_ The channel properties of mastoparas will be interpreted in erms of structural models.
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POTASSIUM CHANNELS IN CULTURED LOCUST MUSCLE.

Barbara A. Miller, and Peter NR. Usherwood.
Zoology Department, Nottingham University, Noitingham NG7 2RD, U X,

Primary cultures containing large contractile myofibres were prepared from mechanically dissociated
locust embryos ( Schistocerca gregaria ) which had been evisceratud. The cells were plated out in "S+4”
medium using a modified version of the hanging column lechmque W2 skeletal myofibres were used for
elec:rophysxologxcal investigations after two months in vitro. - :

Cultures were bathed in standard locust saline (180mM NaCl, 10mM KCT, 2mM CaCl ., 3mM Hepes
buffer, pH 6.8). In this saline the myofibres had a mean resting potential of -39 = TmV (n=42), Pipenes,
-made of haemocrit tubing, were shank-coated with Sylgard resin but were not polxshed 'n*ey contained
either standard locust saline or a K'-rich saline in which the concentrations of Na” and K* in the standard
saline were reversed. Experiments were conducted at 20-22°C. A List patch-clamp amplifies (LM-EPC7)
was used in the voltage<clamp mode to record single channel currents. The currents were recorded on a
video-cassette recorder (Sony B-max St F30) using 3 pulseeode modulatiyn unit (PCM 701 ES) modified
10 give a uniform {requency response from DC to 20KHz .

About 60% of the seals between the tip of a patch pipente and 2 culmred myoﬁbre formed spontane-
ously when the pipette tip touched the surfxce of the myofibre. The remaining seals were obtained by
applying a slight amount of suction 1o the pipetie interior. Cell-attached, inside-out ard outside-out patches
were used in this study . Channels were often seen as soon as a seal was formed. Umrn.ry current events,

n:prescnnng the actvity of a single channel in a pawch, being observed in almost haif of the paiches

obtained. X y

Five types of channel have been xdenuﬁed in cell-attached and excised pazchcs, these have been

_ designated Type-! 10 -5. Al least four of these are thought 1o be K channels 3. The activities, conductances
and reversal potentials of these channels were unaffected by the CI” channel blocker picrotoxin or by sub-
stitution of so * for C1” in either the pipette and/or the bathing saline.

When recordmgs were obtained from cell-attached paiches using high K* pnpeuu the potassium
‘equilibrium potential (E,.) was equal to a pipetie potential (Vpip) of 40mV. With high K* pipettes the
Type-1 channel' (Fig.1 A) had a conductance of 43pS for inward currents between Vpip of +100mV and
~0mV, and 8p$S for outward currents between Vpip -40 and -60mV. This channel exhibited bursting
behaviour, with well resolved open and closed states. It had 2 subconductance state which was 3/4 the full
conductance for the channel. Kinetic analysis of this channel revealed at least 4 closed states and at least 3
open stawes, The Type-2 channel (Fig.1 B) had a chord conductance of 11508 for inward currents between
Vpip +100 and -30mV, and 29pS for outward currents between -30 and -1(0mV. It exhibited a “flickering”
patiern of bursting with very brief openings and closings. Subconductance staies were observed for the
inward current m&e were 1/4, 1/2 and 3/4 of the full channel conduc!ance. Type-1 and-2 channels do not
appear 10 be Ca “*-sensitive, since exposing excised patches o 2mM Ca ** on the internal and/or the exter-
nal membnne surface did not seem 10 effect the activities of these channels. But they were blocked when

(ZOmM) was present in the bath saline. The currenifvoliage (I/V) relationships of the Type-1 and

Type -2 channels (Fig.1 A & B) suggest that they an. inward rectifiers. However, 1nere is evidence that the

probability of these channel being open is greater when the membrane is depolarized so that the overall
current flow through the channel may be chmic. The Type-1 and Type-2 channels accounted for about 90%
of the channels seen in patches. Between them they contribute a significant amount of current & the resting
potential of the myofibre. The Type-3 channel (Fig.1 C) had a conductance of 130pS. Thu channel exhi-
bited brief openings in cell utached patches and its gating kinetics were sensitive to Ca 2*. It has at Jeast 3
closed siates and at least 2 open states. The Type-4 channe! (Fig.1 D) had aconducunce of 207pS. This
channel was rarely observed, and it did not appear w exhibit any dependence upon Ca *. It has at least 3
closed states and at least 1 open state. Type-3 and Type-4 channels did not exhibit any rectification
although Goldman rectification was observed in excised patches with asymmetrical salines). The Type-5
channel currents were of very small amplitude being only 2pA at a Vpip of +160mV, This channel! had

"openings and closings of relarively long duratcn. Because of the poc: signal-to-noise ratio the reversal

- potential for the channeél current could not be ascertained, but exu-apolauon of the I/V curve suggests that
this may also be 2 K" channel.

145




In the adult locust the K channels exhibit 3 slight Na® permeability §, We have yet o establish |
whether this is also true for the embryonic X* channels.

Figure 1. Currentvoltage relationships for the four types of K* channel identfied. All the data was
obuined from csil-atached patches using pipettes containing K*-cich saline.
A. Type-1 channel. '
B. Type-2 channel.
C. Type-3 channel,
. D. Type< channel,

FIGURE 1.’
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Hans C. Neijt and Henk P.M. Vijverbers.

Department of Veterxnary Pharmacology, Pharwmacy and Toxicology,
University of Utrecht, P.0. Box 80,176, 3508 TD Utrecht.

In cultured mouse neurnblastoma (ﬁlE-llS) cells S-HT3 receptors have
been demonstrated by electrophysiological;as well as radioligand
binding studiesl']. Using the uﬁule-celi voltage clamp suction pipette
technique the propeytiés of the membrane current mediated by S-HT3
receptors were investigated by superfusion of entire cells with
external solution containing various concentrations of the qgonist for
ad;ugtable periods.’

At a membrane potential of -70 mv S;HT causes a rapid ihcrease of
inward current followed Sy'a decrease. The I/V-curve qf this ioniec
current is linear between -30 mv‘and.GO mVl.Qith a reversal po;en;ial
of 20 QV. This indicates that sodium and potassium ions permeate
through the ionic channel in a ratio of approximately 2.5:1, The peak
amplitude otithe'inuard current depends on the logarithm of the
agonist concentration in a sigmeidal way and the half maximum response
is induced by i UM 5-HT. The kineéics of ihe ionic current are inde-

pendent ' of membdrane potential, but are sirongiy affected by changes of

the 5-HT concentration (Fig. 1A),

A 1 uM S5-HT

2 UM S-HT 0.7 uM 5 uM S-HT

Fig. 1. A. Inward currents svoked in a neuroblastoma cell by whole-
cell superfusion with 5-HT at two concentrations indicated. Peak am-
plitude increases and the kinetics become more rapid at highsr concenw
tration. B. Desensitization after pre-exposure to 5-HT. Following ex-
posure to a low concentration of 5-HT the amplitude of the inward cur-
rent is reduced (lower trace) with respect to control (upper trace),
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The time constant of exponential decayv of the inward curreat decr-zises
with 1nc;ea51ng 5-~HT concentration to 3 minisum value of 5.3 s for
concentrations 2 J uM 5-HT.

Upon repeated application and in the continuous presence of aganzsfs
the amplitude of the 5-HT response rapzdly decreases as 3 result of
desensitization (Fxs. lB). The concentration-effect curve of steadv-

state desensitization induced witﬁ 5~HT shows an IC5 cof .1 uM 5-RT,

9
The onset of desensitization, induced by pre—ekposufe to 3-HT for
variable periods, f.ilows the same time course as the inward current
decay, Wwhen the agonist is reroved the 1cnic current rapidly declines,
1.e., activation 1s reversed, and recovery from desensitization 3lso
occutrs, The taime ccastants of these exponen;ial processes are‘6.9 S
for the reversal of activation and 18 s for the recovery from desen-
sitizaticn. Both processes are independent of membrane patent:ial ind
5~HT concentration.

The results suggest that the decayv of the 10n:ic cur}ent and the Juses
of desensitization reflect the same molecular.tran51tions of the S-HT3
receptor-1onic channe) complex. The kinetics of these transitions are
limited by the rate of association of the-azonist to the receptor at
low concentrations and by the conformationdl changes of the receptor-
ionic channe! complex at hign concentrations. This implies that at the
tire of peak inward current the agonist receptor interaction has not
vet reached equilidrium and that the affinity of the agonist ;or the
S—HTJ receptor is best described by the steady-state desensitization

curve, A cyclic model containing five states of the 5-HT, receptor-

3
10ni1¢ channel complex is proposed to account for the observed kinetic

properties of the ionic current.

1. ¥erjt H.C., Vijverberg H.P.M. and van den Bercken J. European
Journal of Pharmacology 1986 127 271-273

2, Neijt H.C., te Duits I.J. and Yiverberg H.P.M. Neuropharmacolosy
1338, 1n press

J. Hoyer D. and Neijt H.C. Moiecular Pharmacnlogy 1383, in press
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IONIC CURRENTS IN AN IDENTIFIED INSECT MOTONEURONE

WENDY D. NIGHTINGALE AND ROBERT M. PITMAN

St Acdrews Uaiversity. Department of Biology and Preclinical Medicine. Gatty Marine Laboralory St Andrews.
KY163LB. SCOTLAND

Ourward currents in an identified cockroach (Periplaneta americana) metattoracic basalar/leg depressor
matoneurone (cell 3 ) bave besa studied, using two-electrode voltage-clamp.

Starting from a bolding poteatial of -70mV, a BBC model B microcomputer and interface were used to
generate a series of positive steps (110ms duration) which successively incremented by 10mV. The magnitude|of the
tet outward current progressively increased as command steps approached 100mV. As the size of command step
~ was further increased, the evoked curreats underwent a  decline before continuing to rise (Fig. LA). Cl#rrent

measurements rakea at 50ms produce a N-shaped I-V cur/e (Fig. 1B) similar to that previously reperied in molluscan
neurones %, and ancther ideatified insect motoneusone *. Individual current traces, produced by command steps
between 40 and 50mV, showed a small (< 1uA), fast (< lms duration) net inward curreat that was followed by a
strong net outward current which eventually masked the inward component at poceatials greater than S0mV (Fi f 1C).

Positive command steps from holdmg potentials more negative than -70mV provided no eviden¢e for
an early transieat outward current similar to [, reported in molluscan oeurones *. Furthermore, the aminopyridines
3, 4-dlammcpyndmc (5mM) acd 4-aminopyridine (SmM) had little effect upon the I-V relationship. Therefare, if
preseat at all, 1, contributes very little to the pet outward current,

" The net outward current could be pharmacolcgically separated into two major components. The compénent
respousible for the N-shape was readily supressed by drugs and procedures which blocked the action of calcium] The
N-relationship was reversibly abolished by cadmium (1:aM) or manganese (SmM) ions, and was reversibly red uced
by the dihydropyridine blocker verapamil (SQuM). Uader certain conditions the bee.venom toxin, ap also
reversibly abolished the N-shape. At conceatrations up to 20uM the toxin had no effect upon the N-relatio
If, however, the currents were first supressed by cadmium (1mM), then restored by washout before applicatipn of
apamin (4uM), the toxin was now able to abolish the N-relationship. The -V curve wasreadily restored to s¢rmal
on washing out the toxin. This suggests that the preseace of residual cadmium as a calcium antagonist facilitated
the action of apamin in this preparation by decreasing the availability of free caleium-binding sites. The above results
indicate a strong calcium-dependent outward currest.

The classical I blocker tetracthylammonium (TEA "), when exdernally applied, reversibly reducedt
outward current and abolished the N-relationship. Pre-treatment with cadmium (1mM) to remove any calcium
contribution followed by application of TEA* (2SmM) produced a further reduction is the net ourward curreant,
indicating that TEA * acts on both calcium-dependent and calcium-independent compoaents of the outward current.

Lowering the external chloride ion concentration to' 47mM (20% of its normal concentration) caused a
reducticn in the net outward currents. This may be an indirect effect oa a conductance to another ion,jor a
direct efect on chloride ion outward currents.

Tail curreats were measured using a pre-pulse followed by a test pulse regime in order to determing the
reversal potential for the outward current. Consistent reversal poteatial measurements were difficult to obtain
because these curreats were very dependeat upon pulse duration (Fig. 1D); increasing the duration of the pre-gulse
from 10 to 50 ms resulted in a positive shift in reversal poteatial. This shift is thought to be due toion accumulation
within the highly infolded neuronal membrane during the pre-puise ¢, For small pre-pulse durations of 10 to

and pulse magnitude of 0, 50 and 100mV, the reversal potential lies around -70mV. Themost likely ionic spdcies
responsible for the outward curreat is potassium, )
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Fig. 1. A. Superimposed curreal responses to a range of command pulses (values indicated at right). Scale bar: 50ms.
Arrow indicates the poiot at which current measuremeants were takea (50ms) to produce graph B. B. Typical N-
shaped I-V curve, 'C. Curreat records showing the inward curreat component. Scale bar: 2ms. D. Dependeace of
tail currents on pre-pulse duration. S0mV pre-pulses were used; the holding poteatial was -70mV. Tail current
measurements were made following pre-pulses of 10ms (circles), 30ms (triangles) and 50ms (squares). In this
experiment, the polarity of tail currents reversed at <76mV, -64mV and -$6mV for pre-pulses of 10, 30 and S0ms
respectively.
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'DIFFERENTIAL. EFFECTS OF [NSORGANIC

LEAD ON 10N CHANNELS [N THE NECRO-
BLASTOMA CELL MEMBRANVNE.

Marga Qortgiesen. Regina (.D.M, van Kleef, Rajesh B. Bajnath and Henk

P.M. Vijverberg.

Department of Veterinary Pharmacology, Pharmacy and Toxicology. Uni-
versity of Utrecht, P.0. Box 30.176, 3508 TD Gtrecht, The Netherlands.

Much work has been'carried out on the mnechanisms underlying the
neurotoxic effects of lead (Pb). It is assumed that the blocking
effect of Pb on neuromuscular ﬁ;ansmissiou is due to a competitive
interaction between calcium (Ca) and PS ions at extracellular as wvell
as 1intracellular presynag;ic sitesl. Pb 1is supposed to affect neuro-
transumitter release by a blockade of the inward Ca current associated
with nerve excitation and by S‘disturbénce of the intracellular Ca

balance. In the cultured neuroblastoma cell line N1E-115, effects of

Pb on multiple ion channels can be studied separately. With the use of

the whole-cell voltage c;amp technique the effects of Pb'pn the
nicotipic acetylcholine‘réceptor and on two typés of voltage-dependent
Ca channels have been'examined, In adﬂition. 5 neQ intrinsic effect of
Pb on the neuroblastoma cell membrane is described.

Pb causes a reduction of the amplitude of the ACh-induced inward

current at very low concentrations. The concentration~effect relation-

‘ship of the blocking action of Pb cannof be descridbed dy a sigmoidal

curve. After exposure of the neuroblastoma cells to concentrations

betwéen ! nM and 1 uM Pb, the degree of block increases from 25 s~ to
90 2. Higher Pb concentrations (2 10 uM) result in a reduction of this

blocking action.

Ia NIE-115 cells a fast transient tyve [ Ca current and a slower non-

inactivating type II Ca current can be observed, Both types of Ca

P . . e . . - -




l' and 10 uM PY reduce the amplitude of both curreats to haif maximunm
values.

wWhen the cell 1s superfused with hléh Pb concentrations (10-200 uM}, a
non-inactivating inward current is induced., The amplitude of this in-
ward current depends on the Pb concentration. The nature of the Pb-
induced’ current is not yet clear, It is likely that Pb exerts this
effect by interacting with an external 51t;. as internal application
of the chelating agent EGTA does not affect the Pb-induced current énd
internal superfus1on|§t the cell with | =M Pb’fai}es to 1induce ;he
same effect. The reversal potential of the Pb-induced current is
51m113{ to the equilidrium potential for sodium 1ons calculated from
the Nernst equation. After replacement of all .intracellular and
extracellular sodium ions by pogass1bm ions, 10 Pb-1nduced current
could be ﬁeasured. The PYH-induced current is‘not eliminated in‘the
presence of external tetrodotoxin +TTX), tetraethylammonium (TEA),
d-tubocurarine, atropine, and 1n <chloride-free sglutions. These
results 1nd1catevthat the Pb-xnducgd current is mainly carried by
sodium ions and that neither voltage-dependent sodium channels, potas-
sium channeis and chloride channels nor nicotinic and muscarinic ACh
receptor-operated channels are involved. In outside-out ﬁembrané
patches bt‘neuroblasloma cells,’appl1cation of 10 uM Pb causes the
opening of ion channels with a single channel condu:tanc? of 13 ps.
From these results 1t can be concluded, that inorganic lead affects
various ion channels of NIE-115 cells in a differential way. The
nicotinic ACh receptor-mediated 1ion current appéars ta be more
sensitive to low concentrations of Pb ihan the voltage-dependent Ca
current. High ?b concentrations cause activation ot‘ion channels that
are permeable to sodium ions.

Manalis R.S., Cooper G.P., Pomeroy S.L. Brain Res. 1934, 234 99-109
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ALLOSTERIC INTERACTIONS OF INSECTICIDES WITH THE [3H]BTX-B
BINDING SITE OF THE YOLTAGE-SENSITIVE SODIUM CHANNEL

Gregory T. Payne and David M. Soderlund

Department of Entomology, New York State Agricultural Experiment Station, Cornell
University, Geneva, NY 14456 USA

Recent studies ;)f the effects of DDT and pyrethroids on the activation of 22Na* uptake into
mouse brain synaptosomes by veratridine, aconitine, and batrachotoxin demonstrate an
insecticide-dependent increase in the potency of these compounds.! These findings
implicate an allosteric effect of insecticides that increases the affinity of the activator
recognition site. Binding interactions at the activator site can be detected using
(3H]batrachotoxinin A-20-a-benzoate (BTX-B), an analog of batrachotoxin.2 In-assays
with rat brain synaptosomes, deltamethrin and the neurotoxic isomers of cypermethrin
increased in affinity (Kp) of sodium channcls' for BTX-B without affecting the number of

binding sites detected at saturation (Bpay).>

We have initiated studies of the binding of [(3H]BTX-B to mouse brain preparations in an
effort to define the mechanisms underlying insecticide-dependent enhancement of the
potency of sodium channel activators. Equilibrium saturation studies of the binding of

(3H]BTX-B to mouse brain synaptoneurosomes® in the presence of saturating

concertrations of Leiurus quinquestratus venom revealed a single class of sites having a

Kp of 72 nM and a By, of 7.1 pmol/mg protein. DDT and deltamethrin stimulated the
specific binding of (3H]BTX-B in a concenrration-dependent manner. Equilibrium
saturation studies of [3H]BTX;B binding in the presence of a saturating concentration of

DDT (100 uM) showed that this compound produced a two-fold increase in the affinity of

_ sodium channels for (SH]BTX-B but had no effect on binding capacity.
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liminary studies have examined the effects of DDT on the association and dissociation
kinetics of [(3H]BTX-B. DDT at 100 uM had no detectable effect on the initial rate of
formation of the ligand-receptor complex but produced a two-fold increase in the halt-life
of this complex in dissocation expcrimén:s. The effects of DDT on dissociation are
sufficient to account for the increased affinity of sodium channels for (3H]BTX-B in'the
presence of DDT. This allosteric staoilization of the activator-sodium channcl'comp'l‘cx by
insecticides is likely to be the principal mechanism undérlying the increases in the potency

of activators that were observed in sodium uptake experiments.

These findings demonstrate the utility of the (3H]BTX-B binding assay to detine the
allosteric effects of insecticides on activator-sodium channel interactions. Moreover, this
interaction permits the use of [SH]BTX-B to explore indirectly the binding of insecticides

to their recognidon site on the the sodium channel.

1. Bloomquist, J. R. and Soderlund, D. M. Mol. Pharmacol. (submitted).

2. Cauerall, W. A, Morrow, C. S., Daly, J. W. and Brown, G. B 1. Biol. Chem.
1981 256 8922-8927 - |

3.  Brown, G. B. and Olsen, R. W. Soc. Neurosci. Abst. 1984 10 865

4. Bloomquis£, J. R. and Soderlund, D. M. Biochem. Bicphys. Res. Commun. 1985
1333743 '
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NEUROTRANSMITTER, NEUROMODULATOR AND ca?* CHANNEL LIGAND ACTIONS
ON CULTURED RAT DRG NEURONES ARE REGULATED BY A PERTUSSIS TOXIN
SENSITIVE G-PROTEIN.

Roderick H. Scott and Annette C. Dolphin

Department of Pharmacology, St George s Hospital Medical Schoeol,
Cranmer Terrace, London SW17 ORE

Activation of a wide variety of receptors for
neurotransmitters and neuromodulators (GABAg, noradrenaline (aj),
dopamine, substance P, adenosine (A;) and opiate) results in
inhibition of neuronal Ca?* channel currents. Guanine nucleotide
binding proteins (G-proteins) appear to couple these receptors

‘yith ca?* channels. The 'GABAB receptor agonist(-)-baclofen (2—'
100pM) inhibited ca?* channel currents recorded from cultured
dorsal root ganglion (DRG) neurones. This inhibitory action was
prevented by pretreating the cells with pertussis toxin (2~5 hours
O.Spg/ml)l. These results suggest that a Gj or Gq tYﬁe G-protein
is involved in the response, as pertussis toxin selectively ADP-
ribosylates @j and a,. Non-hydrolysable GTP analogues (GTP-Y;S,
GMP-PNP) applied intracellularly using the whole cell recording
technique inhibited the trans1ent component of the ca2* channel
current? and potentiated the .action of (=~ )-bac)ofenl The GDP
analogue  GDP-8-S applied intracellularly reduced the inhibitory
actxons of neurotransmitters and neuromodulators1 3.

The residual Ca2* channel currents recorded from cells
containing xnternal GTP-¥~-S had slowed rates of activation and
were non-lnactlvatxng during a 100ms voltage step command1 The
1,4-dihydropyridine Bay K 8644  (5uM) which selectively increases
L-type ca2* channel activity4 potentiated Ca2* channel currents by
26:8% and 107£37% (mean * S.E.M., n=10) for control and GTP-¥-S
contain cells respectively. Activation of a G-protein by GTP-¥-§
appears to increase the sensitivity of cells to Bay K 8644 as well
as resulting in selective inhibition of N and possibly T type ca2t
channels. .

Intracellular GTP-§-S also induced marked changes in the
actions of nifedipine (SuM), Dggg (10uM) and diltiazem (30uM)
three structurally different (1,4,-dihydropyridine, .
phenylalkylamine and benzothiazepine) ca?* channel ligands. 1In
the absence of any GTP analogue these ca2* channel ligands
inhibited Ca?* channel currents5, however, i1 the presence of
internal GTP-¥-S they potentiated the current (1. 5 to 4 fold)b.

0500 decreased the time consfdnt of activation of the peak ca2*t
[




channel current (Vciapp = otV) recorded in the presence of GTP-¥-
S from 9.5%2.3ms to 4.1*0.7ms (mean % S.E.M. n=6). Internal GDP-
B-S had no effect on the inkibitory actions of the ca2* channel
ligands, but pre-incubation| of the cells with pertussis toxin
prevented the agonist effec s of the ligands when GTP-¥-S was
present inside the cells. he agonist actlons of the ca2*t channel
ligands were voltage dependent6 7 when the holding potential (Vy)
was depolarized from VH-BOmb to Vy-30mv agonist effects were
observed but were less pron’unceds. The actions of Dggg differ
from those of nifedipine in that they are more transient and the
agonist effect is not assocjated with a hyperpolarizing voltage
shift in the current-voltage relationship, the mechanisms of
regulation of Ca2* channel ligand effects maybe different
depending on the type of ligand. '

We suggest that GTP- Y-‘ acting via a pertussis toxin
sensitive G-protein lnteracts with different ca?* channel
subtypes, inhibiting N- type channels and requlating the
interactions of neurotransm}tters, neuromodulators with both N and
L channels, and ca2* channei ligands with L-type channels. calt
channels appear to have mulﬁiple binding sites for each of the
ca2* channel ligandss, and &he actions of the ligands are
dependent on channel state kopen, closed, inactivated). Tﬁe

inability of L-type channels to enter an inactivated state in the
presence of GTP-¥-5 actlvated G-proteln may explaln why antagonist

- actions of the Ca?* channel!llgands are prevented6

This work was supported by the MRC.
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Block of Neuromuscular Transmission in Housefly Larvae by Cypermethrin;
Electrophysiological and Ultrastructural Correlates.

Seabrook G.R., Duce LR. and Irving S.N. |
Dept. of Zoology, University of Nottingham, University Park, Nottingham, NG72RD UK

The effect of cypermethrin, an alpha-cyano pyrethroid, on the spontaneous and evoked release of
neurotransmitter in late third instar housefly larvae was examined by intracellular, and
extracellular patch recordings! from ventrolateral muscles 6a and 7a. All experiments were
conducted at room temperature. Nerve terminal ultrastructure was examined using conventional
transmission electron microscopy after fixation in, 2.5 % glutaraldehyde and 1 % osmium tetroxide.
The frequency of spontaneous miniature excitatory post-synaptic currents (mEPSCs; 0.276 + 0.326
hz, SD 35 cells) was potentiated (at least 10 fold) for several hours by treatment with 10 nM
cypermethrin. This concentration of cypermethrin also biocked both neurally (early block) and
electrotonically (late block) evoked responses. The amplitude of discrete synaptic currents (EPSCs),

unlike excitatory post-synaptic potentials which were cumulative responses from at least 27 nerve

" terminals, were not depressed at the onset of early block (80.6 + 23.9 pA cf. control 81.0 + 5.0
pA, SD 3 cells). However, the mean probability of quantal release declined with time after
application of cypermethrin, with complete inhibition after ca. 20 minutes, This data is indicative
of an all or none inhibition of neuromuscular transmission at discrete release sites, consistent with
conduction block in the nerve terminal. Conduction block has also been implicated in deltamethrin
and fenvalerate poisoning at this neuromuscular junction®. A 3 fold increase in the delayed release
(DR) of transmitter (10-50 ms after a neuraily evoked EPSC) immediately prior to early block
suggests that calcium buffering following necve terminal loading with this jon may have been
suppressed; DR, like the quantal rontent of evoked responses, increases according to a high
power function of [Ca<*]yl. Inhibition of mEPSC release in the later stages of cypermethrin
poisoning was correlated with a decrease in the vesicular contents of nerve terminals (figure 1),
unlike the near complete depletion of nerve terminals observed during deltamethrin poisonings. A
reduction in extracellular calcium ion concentration to 0.1 uM (buffered with EGTA) alleviated the

depression in vesicular densities of motor nerve terminals treated with cypermethrin. In sections -

normal to the pre-synaptic dense body, electron lucent vesicles were observed to be highiy
localized around these "active zones” in both control and poisoned preparations (figure 1), although
at the onset of neuromuscular block a greater number of vesicles were located immediately
adjacent (<50 uM) to the active zone (31 + 13 vesicles/ uM length of AZ; ¢f control 10 + 4, SD 4
ceils). This was correlated with the elevated frequency of spontaneous quantal discharges at. this
stage. In conclusion, the biock' of neuromuscular transmission by low concentrations 'of
cypermethrin is consistent with a depolarizing phenomenon. mediated by the block of conduction

into the presynaptic element. The effect: of cypermethrin on the densities and distributions of

electron lucent vesicles within nerve terminals, and upon the frequency of quantal discharges does
not conflict with a vesicular based theory of quantal neurotransmitter release.
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Vesicle distribution relative to the presynaptic dense body was assessed only in sections normal to
the active zone (NT = 16 terminals), to ensure correct representation of vesicle organization
around these structures. Treated preparations were fixed 15 minutes after application of 10 nM
cypermethrin (early block), and 2 hours after application of 1 uM cypermethrin (late block).
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Effects of the Pyrethroid q'permethnn on L-glutamate Induced Changes in the Ioput
Conductance of the Larval Housefly, Musca domestica, Ventrolateral Muscles.

Seabrook G.R., Duce LR. and Irving S.N.

Dept. of Zoology, University of Nottingham, University Park, Nottingham, NG72RD UK.’

Cypermethrin has been demonstfated to block neuromuscular transmission in larval housefly
' ventrolateral muscles (VLMs)1:2, Although the effect is consistent with a presynaptic
depolarization, as it involves an increase in miniature frequency and decrease in the amplitude of
" evoked excitatory potentials, its postsynaptic action(s) have not yet been assessed. Thus, this
study was undertakeén to observe the effects of both cypermethrin and its solvent acetone upon
the postsynaptic aspect of synaptic transmission. VLMs 6a and 7a had similar resting membrane
_potentials (57.6. + 8.0 and 59.2 + 8.3 respectively, n = 20 cells) and input conductances (3.08 + 0.87
- and 2.97 + 1.00 respectively, n = 12 cells). L-glutamate produced a dose-dependent depolarization
and increase in the sarcolemma input conductance (with no distinct maximum at up to 10 mM L-
glutamate). A Hill plot revealed that a minimum of 1 glutamate molecule w23 required to bind to
the receptor to elicit 2 unit increase in input conductance. At concentrations of 0.1% acetone and
10 nM cypermethrin, no effects were observed on the resting muscle membrane potential, the
sarcolemma input conductance, or sensitivity to 10 mM L-glutamate (pretreated with 1 uM
concanavalin A to block glutamate receptor desensitization). However, at higher concentrations -
both acetone and cypermethrin were observed to have postsynaptic effects. At 1% acetone caused a
subtle increase in muscle input resistance (P < 0.05), although higher concentrations produced a
marked decrease in input resistance (ECsq at'4%), and a membrane depolarization upon its initial
application which was followed by a sustained membrane hyperpolarization. Extensive axonal
repetitive firing was also noted with acetone concentrations above 1%. 1 uM cypermethrin, 30 - 90
minutes after application, blocked the L-glutamate inducéd increases in input conductance (table
1), as well as inducing substantial oscillations in the resting sarcolemma membrane potential. The.
initial membrane depoiarizations induced by 10 mM L-glutamate in control preparations were still
observed in muscles poisoned with 1 uM cypermethrin. These data demonstrate that the block of
neuromuscular transmission at larval housefly nerve terminals.by 10 nM cypermethrin does not
involve a change in muscle membrane input conductance or a decrease in the sarcolemma
sensitivity to L-glutamate, and therefore is likely to be a consequence of its presynaptic action.

Refémea'
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Resting Input
Conductance

Initial effect of
10 mM L-glu

Initial
Depolarization (mV)

Stabilized effect
of 10 mM L-glu

Recovery after
wash off

% Recovery

Net Change in
Input Conductance

Means + SD from 7 cells for each treatment. Cells were pretreated with 1 uM con A for 30 -
Siemens) were made after a further 30 minutes
equilibration ju cypermethrin, or normal saline. Stabilized responses were measured 2 minutes after
application of L-glutamate (with the appropriate concentration of cypermethrin where necessary).
significantly different at 0.01 level from resting irput conductance,

minutes. Conductance measurements (x 10°

Control

3.64
4.92

89
464
365

101
1.03

I+

I+

I+

1.05

1.62

2.0

143

1.00

0.85

0.05 level (2 way analysis of variance).

TABLE 1

543

4.01

101
1.44

160

Cypermethrin

10 aM

+ 153 3.16
+ 245 324
+ 49 12.5
+ 187 323
+ 14 3.26
+ 4 103
+ 045 0.07

1uM

b4

St

1+

"+

0.50
0.43#
38
0.50#
0.73

10
0.30

not significantly different at



BLOCK . OF AN INSECT CNS GABA RECEPTOR BY CYCLODIENE  AND
CYCLOBEXANE INSECTICIDES

Leith A. Wafisrd, Sarah C.R. Lusmis, and David B. Sattel

o

e.
Cepar+tment of Zoology, University of Cambridge, Cambridgs C32 3EJ
The | cyclodiene and c¢yclohexane 1insecticides are <chlorinated
hydriocartons, whose symptoms of poiscning are convulsive seizures

and | iacreased spcntaneous neuronal activity. Pacen%ly *hes
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H]7T8PS, a ligand for the GABA-regulated chloride channell, and

. ~ . - . " - . - I3 . .
inhibit GABA-induced VGCl influx into rat brain pembrane

microsacsz’s. in insécts, cyclodienes will inhibit chloride
uptage into cockroach muscle4. but the;e has been ne direct
,nyficlcgical demonstration of a blocking acticn on insece 'GABA
receptors. The £fast coxal de;réssor notor ' neursne in  the

ceckroach metathoracic ganglicn 1s Znown to pcessess GA3A

receptorss, and CNS .homogenates will demonstrate GAZA-activated

3831~ influxb.

Endrin (a cyclecdiene) and lindane (a. cyclohexane) showed a dose
dependent block of the GABA response on motor neurone Df, with
1cly°s of 5.0 x 1074 and 5.0 x 10754 respectively. The block
tended to flatten the GABA dose-response curve (Figgre,la,b) and

colld not Dbe overcome with higher doses of UABA, suggesting a

nop-ceompetitive type of inhibition. At higher concéntrations;
endrin demonstrated ‘direct effects on the cell body membrane, at
1.0 x 10°%M endrin caused an irreversibly hyperpclarization of
the membrane togsther with a decrease in conductance. Eadrin
block was also dependent on the direction of chloride fon flow,

b?ing much less potent at btlcecking depolarizing GABA responses,
i

I
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Bffect of taurine on 4502 uptake and ;cetyi-cholino release in locust
synaptosomes

Peter S. Whittonl, Russell A. Nicholson? and Robin H.C. Strangl

1 Department of Biochemistry, University of Glasgow, Clasgow, C12 8QQ
? Wellcome Research Laboratories, Ravens Lane, Berkhamsted,
Hertfordshire HP4 2DY

INTRODUCTION

Taurine (2-aminoethanesulphonic acid) is an abundant amino acid found in
both lower and higher organisms, (1). - Taurine occurs in the insect nervous
system, (2) sometimes at very high concentrations, (3). In recent years
evidence has sccumulated that taurine may function as a neuromodulator in
vertebrates, possibly by modifying calcium homeostasis, (4). We have
recently been studying the effects of taurine on the nervous system of
Schistocercs americang gresgaria, and have evidence that taucrine may function
as a neuromodulator in insects also.

3

EXPERIMENTAL ’ -
Experiments were performed using a crude synaptosomal preparation,
obtained as previously described, (5). Synaptosomes ' were incubated and

perfused in insect saline (mM:NaCl 214; KC1, 3.1; CaCljy 6H,0, 2.05;
Na,HPO,. 124,50/ NaHzPOQ 2H,0 0.2; M Cly. 6H0 6. 63

glucose, 16.7). 45calcium uptake was estimated using & 2 min. incubation
period (about 100 pg synaptosomal protein with 2 uCi 45ca2+ in 200 ul
saline) which was termirated by rapid filtration through Millipore Filters
(0.45 um pore size).

3(H) ACh release was studied by perfusing synaptosomes which had been
reincubated with 12.5 ny 3(#) choline and were then loaded onto Whatman
CF/B filters (about 90 ps protein per filter).

Synaptosomes were depolarised using either Veratridine (100 Pm) or high
[K*] (100 mM). .

RESULTS AND DISCUSSIOMN

Depolarised synsptosomes were found to accumulate considerably more
45c42% than thoss in the resting state. When synaptosomes were
" depolarised using either Veratridine or high [K*], taurine caused a
'concentration—dependent decrease in %5ca?* uptake (Fig.l). Both
depolarising agents caused release of (3ﬂ) ACh, and this was found to be
largely, but not entirely, depundent on the presence of external calcium (data
not shown). Taurine was observed to cause a concentration-dependent decrease
in (3H) ACh release which was significsant at all taurine concentrations
used. The reduction in (3H) ACh release by taurine was proportionally less
than the decrease on 43ca?+ uptake (Fig.1l), and may reflect the fact the
ACh release was not found to be wholly caleium-dependent in the present
system. Taurine has been observed to reduce (3H) ACH releass from a number
of mammalian preparations (6,7), and such findings have identified taurine as
s possible neurcmodulstor in mammals. The present results suggest Lhat
taurine may serve 3 similar role in insects.
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Figure 1. Effect of different concentrations of taurine on Ca** uptake(o),
and 3(H) ACh(o) release from crude synaptosomal preparation from the locust
S.gregaria, depolarised by (a) 100mM K*, or (b) 100uM Veratridine. In both
cases controls free of taurine are taken as 100%. Results significantly
different from ~ontrols are indicated thus: +P 0.05 *P 0.01.
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THE PCND SNAIL 3SRAIN: A MODEL SYSTEIM FOR CELLULAR STUDIES ON
GENERAL ANAESTHETICS.

Willliam Winlow

Department of Physiology. University of Leeds, Laeds LSZV9NQ
In spite of their clinical importance the cellular actions
of zeneral,éqaesthetics are poorly understood. Recently
the pond sall, Lymnaea spsgnalis has proved to be an
excellent model system for ‘the st;dy of the mcdes of action
of general angesthetics. since behavioural, cell physié-
logical aAd blophysical experiments can all be performed on

this preparation (1,2)

Intact specimens of Lymnaea are anaesthetised by . near
clinical doses of the inahalational anaesthetics halothane
(EDSO: 0.823% v/v), enZiurane (ED50: 1.01X v/v) and

{soflurane (EDS0:. 1.09% v/v). Concentrations of halothane

between 0.5 and 2.0% (v/v) produce dose-dependent effects on

the onntaneous discharge of a number of cells, Low doses
(0.5 to 1.0X) cause patterning of spontanecus d;séhargeQ and
weak bursting, whilst at higher doses spike frequency
declines and all cells eventually become qulescent. However
a compavlsoﬁ 6! tﬁe effects of several different
inhalational and systemic general snaesthetics ( halothane,

enflurane, ketamine. thiopentone, pentobarbitone) reveals

'1mportant differences in the responses of individual cell

types to applied ansesthetics, irrespective of the
anaesthetic used (3). Depending on the type of neurone
studied there 13 either a gradual tendency towérds
quiescence or the occurrence of paroxysmal depolarising
shifcs and oscllliatory béhaviour,durinz both spontaneous and
evoked activity.(Fizure 1). Clearly, different neuronal
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membranes respond to anaesthetic sgents in different ways,
This finding may have important implications for our
understanding of the dif!eréntial actions of snaesthetics on

different regions of the vertebrate brain.

-

Figure i Different ;ypes of neurcne take different
pathways to 3sllence {ndegendent of the anaesthetic used. In
many neurones there {3 a gradual dacline of discharge
frequency whilst other neurones, such as the one shown hefe.
‘deyelop a serles of paroxysmal depolarising shitts.ot
membrane potential p;ior to quiescence., a) Pre-contirol in
normal saline ; b) after 6§ minutes in saline containing 0.2
mM ketamine; ¢) post-control, 30 minutes after rinsing in

fresn saline.

1. Winlow, W., Girdlestone, D., Cruickshank, S.G.H. Mquohan

C.R. In Neursobiology: Molluscan Models (eds. H.H. Boer et

al) 1987, 132-137. North-Holland Publishing Co., Amsterdam,
2: Glrdlestone, D., Cruickshank, S.G.H.,, Winlow, W.
Comp. Bilochem. Physiol. C. 1988 (in press)

3. Girdlestone, D. & Winlow, W. J. Physiol. 1987 38§ 233P
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Bryeny C. Bonning
Department of Entamology, London School of Hygiene ard Tropical Medicire,
Keppel Street, Londcn WC1E 7HT

A purification protocol has been dé‘\zeloped fqr mosquito acetylcholinesterase
(AChE). The detergent Triton X-100 was used for enzyme solubilization, prior
to centrifugation and procairamide affinity chromatography. A 350 fold |

purification was achieved.

purified AChE was characterized by sucrose éradient centrifugation in thé
preserce of detergent, and polyacrylamide gradient gel electrophoresis
under various conditions. The purified AChE e(hibited t}}e same ‘
sedimentation coefficient, molecila. weight and hydredynamic properties

as crude AChE.

Sucrose g-radlent centrifugation in the presence of 1% Triton X-100 gave a
sincle peak with a sedimentaticn coefficient of 9. The enzyme behaved
hete :cgenecusly in the absence of detergent. On polyacrylamide gel
electrophoresis in the presence of Triton x-1~ 00, a 135 kba electromoq:‘:h
was reduced by 2-mercaptcoethanol, or protease treatment to a 67kla 'fom.
A third form showing a high, samewhat variable molecular weight in the
gels is markedly hvdrovhobic, as shown by enhanced migration in gels
containing sodium deoxycholate.

1 propose thavt mosquito AChE exists as a hydrophobic form, possibly an

aggregate, resducable to relatively hvdrophilic dimeric and monomeric forms.
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AFFINITY
RECEPTOCRS.
Anna Borsodi, S&ndor Benyhe, Eva Varga, Jézsef Simon and

Maria Wollemann.

Institute of Bibchemistky Biological Research Center of
Hungarian Academy of Sciences 6701 Szeged, P.0.Box 521 Hungary

. ' -
» .

We have recently synthesized a number of affinity lj.qandsl-6

in ﬁormal and in. tritiated formg which are able to react
irreversibly at opioid receptors. Chloromethyl ketone:

’ " derivatives of leucine enkephalin, D-Alaz-Leu?-edkephalin,
D-Alaz-D-Leus-enkephalin and oxymorphazone (14-0H=
dih;dromorphine) exhibit high affinity for opioid receptors in
rat and frog brain. Preincubation of the membrane fractions
with these ligands causes a significant inhibigién of
'3H-naloxone binding which cannot be reversed by extensive
washing. Affinity of enkephalin chlormethyl ketonQQ and
oxymozphazdne toward the mu sites is ﬁuch greater than for the
delta site;l It was also found, that the irteversib;e

. inhibition is selective for the high affinity (X4 1 nM)
3H-naloxone binding site (putative mu -.1 ~ site).

. ;:;-,2 We conclude, that these derivatives can be used as affinigy
labels for the opioid receptors, allowing us to study the
structure of the mu reeeptot subtype.

11. .siﬁcs, M., Benyhe, S., Borsocdi, A., Wollemann, M., Jancs$,

G. Szécsi, J. and Medzihradszky, K. Life Sci. 1983 32
27772784 -

2. Benyhe, S., Hepp, J., Szlics, M., Simon, J., Borsodi, A.,
Medzihradszky, K. and Wollemann, M. Neuropeptides 1986 8
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Newman, E.L., Borsodi, A., Téth, G., Hepp, J. and Barnard,
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Investigation of Cloride Flux in Membrane Vesicles Prepared from the
: Supravesghogeal Ganglia of Locust
Schistocerca gregaria.

M.C.S. Brown, G.G. Lunt & A. Stapletort Department of Biochemistry,
University of Bath, Bath, BA2 7AY.ﬁnsecticide Disrovery Laboratory, Dow
Chemical Company, Walnut Creek, CA94598, U.S.A. "

We have previously investigated the binding of the cage convuisant, [3°S)-t-
. butylbicyclophosphorothionate (TBPS) to membranes prepared from the
supraoesphogeal ganglia of locust (Brown et. al. 1987). This binding was
insensitive to the convulsant picrotoxinin (Ptx), which is a competitive
inhibitor of TBPS binding to mammalian GABA[, receptors. (Squires et. al.
1983). However we have also shown in the same membranés that Ptx could
reduce the GABA enhancement of benzodiazepine binding. (Rutherford er. al.
1987). Thus we deduce that locust ganglion membranes do contain a binding
site for Ptx but that iis relationship to the TBPS binding site, is different from
that in mammalian brain. We are confident that the TBPS is binding to a GABA
receptor complex similar to the GABA , complex in mammals, as the binding is
affected by GABA, barbiturates and benzodiazepines.

The purpose of this study was to investigate how the TBPS and Ptx binding
sites related to the chloride channel, which they are both supposed to interact
with (Squires et. al. 1983). To do this we have set up a chloride flux assay in
membrane vesicles (microsacs) from the same ganglia of the locust. These
microsacs were prepared by a very gentle homogenisation, and no further
preparation steps, except the filtration of the homogenate through nylon
boulting cloth of 159 uM pore size. Initial experiments have shown that we can
measure GABA stimulated chloride flux which has an effective concentration,
50% of 7 uM. This is in reasonable agreement with chloride flux data from
Abalis er al. (1986) in rat brain microsacs and Ghiasuddin & Matsumura
. (1982) in cockroach nerve cords. However the time course for uptake is more in
. agreement with those workers who have used microsac preparations, from rat
brain (Abalis et al. 1986) and cockroach nerve cords (Wafford et al. 1987}, .
reaching a maximum within 30 seconds. The GABA stimulated chloride’ flux
was blocked by 4,4’-diisothiocyano-2,2'-stilbenedisulphonic acid (DIDS) a
chloride channel blocker (White & Miller, 1979) and P1x.

Abalis, LM., Eldefrawi, M.E. & Eldefrawi, A.T. Effects of insecticides on GABA
induced chloride influx into rat brain microsacs. J. Tox. & Environmental
Health 18 (1986) 13-23.

Browﬁ, M.C.S., Lunt, G.G. & Stapleton, A. Further characterisation of the
(3°s}TBPS binding site in locust ganglia membranes. Comp. Biochem. Physiol.
(in press). . . '

Ghiasuddin, SM. & Matsumtﬁ'a, F. Inhibition of gamma—am'inobutyric_ acid
(GABA) induced chloride uptake by gamma-BHC and heptachlor epoxide.
Comp. Biochem. Physiol. 73C (1982) 141-144,
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Immunocytochemical Localisation of L~Glutamate in Motor
Innervation of Locust (Schistocerca gtegaria) Skeletal Muscle.

Tinochy C. Budd and Ian R. Duce.

Department of Zoology, University of Nottingham, University Fark,
Nottingham NG7 2RD, England.

There is considerable evidence to suggest that L-glutamate (L-
glu) is _the neurotransmitter at excitatory motor synapses in
insectsl. However direct evidence for the presence of L-glu in
nerve terminals is less convincing. Recently the localisation of
amino acid neurotransmitters %P the mammalian CNS has become
possible using specific antisera We report here the application
of this technique to the locust retractor unguis muscle using a
polyclonal antiserum raised in our laboratory against L-glu
conjugated with glutaraldehyde (G) to bovine serum albumin (BSA),
haemoglobin (Hb) and poly-l-lysiné (PL).

3

A sequential injection regime of these conjugates was employed

to raise an antiserum in rabbits. The antiserum was further

purified using affinity chromatography on Sepharose-BSA-G and
Sepharose-BSA-G-L-glu columns and tested for specificity against
a range of amino acids. Cross-reactivity was examined by sp%tting
a range of amino acids onto activated nitrocellulose
visualising immunoreactivity using swine anti~rabbit serum and
peroxidase anti-peroxidasgse. The antiserum reacted specifically
with L-glu but not with Gaba, L- -aspartate, D-aspartate, D-
glutamate, L-serine, L-glutamine, L-threonine, L-alanine, L-
proline, L~leucine, L~glycine, quisqualicvacid or kainic acid.

Retractor unguis muscles were prepared for immunocytochemistry by
fixation in 1% G and 1% formaldehyde. To investigate the presence
of an active uptake system for L-glutamate some muscles were
incubated in 0.5 uM L-glutamate prior to fixation. For light and
electron microscopy the unlabelled antibody/PAP method was used.
Muscles were examined by light microscopy as wholemounts cleared
in methyl salicylate and for electrnn microscopy the preparations
were postfixed in 1% osmium tetroxide, dehydrated in ethanol, and
embedded in Spurr resin prior to sectioning: L-glutamate-like
immunoreactivity was also visualised under the scanning electron
microgcope ugsing O0.5um latex beads coated with swine anti-rabbit
serum- to identify binding of anti-L-glutamate serunm.,

Light microscopy revealed dense immunoreactivity in superficial
nerves on the surface of the retractor unguis muscle. The use of
affinity purified antiserum produced a more specific pattern of
staining as compared with muscles treated with the whole
antiserum, Electron microscope immunocytochemistry using purified
antiserum confirmed these findings aad showed that
immunoreactivity was predominately a feature of nerve terminals

and preterminal axoplasm., In preparations which had been

pretreated with L-glutamate the amount of immunoreactivity ia the
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nerve terminals was increased and there was 21sc appreciable
levels of staiaing in nerve terminal glia and associated wuth the
post-synaptic region. Scanaing electron microscopy provided an
additional method for visualising the immunoreactivity, and
clumps of latex . beads were found overlying the surface of nerve
terminals.

(This work was supported by SERC project grant GK/E 43638).
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INCING OF SAXITCXIN TC VCLTAGE CEPINDENT SODIUM CHANNEL CF INSECT NERVE
MEMSRANE PREPARATION

Ash. X. Owivedy

AFRC Un&t. ﬁepar:men: of ZOOIOQY,‘UniVerthY cf Caébridqe, Downing Street, .
Cambrid;e, C32 2E2.

Sékitcxin (ST*) and. totrodgtcxin (TTX) specifically inhidbit scodium
current in many excitable memdrares, and a highly s?lect;vo action of these
toxins at nanomclar concentration has led io their extensive use for the
determinration of tRe sodium channel récep:or density {n variety of
tissies). Synthetic STX, STX and TTX of natural or:igin were used in
vol:aq‘ claﬁp studies 5 determine S5TX as a potent specific inhidbiter for
sodium chanreis on isolated giant axons cf the cockrsach, Pariplareta

americana”, Scdium  cransport dependent on voltaje sensitive sodium

tharme.s iy zockrcach zertral mervous ‘lyitom {;SS) s'yraptosomes  was
specifically {nhibited by TTX (K:'s equivalent to 11 aM), and its efficacy
was Tialitatively distinet :h{n that cfmparod with vertetrate synaptosomes}
memtrare vesicles and uitured nour@nl". The present study describe the
bind:ﬁq ot 13H1571 uwnder the physiological cenditions which are Ablg to

:2N¢ transpn;: and alter membraap‘potontia. in the synaptcsomgs
prepared from tre ONS of 2;5§5£;2232. LUsing ‘a standard rapid fil:.ra:ién
assay, ‘e satursblp somponents og voltage sensitive sodium channel was
an;LQsod in various nerie membrane fractions prepared after centrifugaticn
prociduros.

The result suggest that STX Dblocks the 223. influx ghrouqh
veratridine-activated Na' chanrels with a Ki (svx 13-3!)‘tha: is similar to
the X, (3.6 x 13" M) cbserved for sTX binding to tyﬁapcoscool under the
L] 1

. S
similar conditiong, The assoc.a%ion rate constant (X, = 2.3 x i0° M "5 )
-

“ . camiaed . ’.v
a~¢’ dissociation rate cingtant (k¢ 1.6 x 1) S Yy, yieided a Kd of 3.)

-q - - PR 3 ‘ N
x 3 7 M. The zoncentration ! competing uniadelled compcunds whicn
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displaced the binding of [13157x by 50% at equilibrium ccaditions was for
STX ‘KO;S -'6 x :O°9H) and for TTX (xo‘g I ZO-BH). Linear regressicn of
Hill plots of STX binding to synaptosomes gave Hill cocfficiont: ranging
from 0.8 to 1.0. A reasonable Zescription cf tQlese itesults suggest o a
ringle si%e compotition‘modnl in insect synraprcsores mfmbranes. With this
ncdel a simple relation exists between the free cc:po:i:or'céncont:aticn at

half displacement, Ky 5 and the K, of the corpetizer.
. ~

3 ‘ T
Ky = Ky g / [ 1 (ITHISTX] ) /X, STX)] (L)
whare Kd STX is Kd for STX binding and IIH}STXJ 5 is free concentrations of
(JHISTX at half maximal Zispiacement, 3y competitive dispiacement

analysis, the Kd valies for TTX were 2.7 x :e'sn for insect ONS
sYnaptoscmos as derived by appiicat.on of eg.aticn (1) %0 the dinding Zats,
The resu.ts conficn previcus reports thet the relative affialcy of “rese
icxins  in  ifsects nerve membrane s STX>?T* as measured by ac:lica
pctentialz, thcugh are i :cA:ras: to the prarracclogical results reported

L)
in Musca demestica rhead extracts
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Coes it L0 GLUTAMATE, QUISQUALATE AND GABAVRBCEPTORS
TE NANOe LD e T YTES BY INJECTION OF mANA PROM LOCUST LEG MUSCLE
3 e * ’ [
NrLaT o, craoa, Mustata B.A. Djamgoz , Peter N.R. Ushervood ,
RS RS ,.;1' Juan tte O'Brien’, Mark G. Darlison’ and Eric A, Batnard’.
ieiseLi ¢ mre and Applied Biology, Imperial College of Science
WSt ALy, Londod.SW? 2AZ; .Department of ZOOIOQY. University of

».wiaghiom dottingham NG7 2RD; MRC Molecular Neurobiology Uniz,
MRC Centre, Hills Road, Cambridge CB2 2¢H.

Several groups have shown that injection of messenger rioonucleic acid
(mPNA) from various sources in®o Xenopus ococytes c n Lead to expression of
membraneous pro:etns.p;esent in the tissue of o"iqin."2 U:iné th's
technique we have demonstrzted that mRNA extracred from iocust skeletal
muscle can induce transmitter receptors similar to those which have been
found in the {ntact auscic.3’4is
poly(h?’ MmRNA was extracted from leg muscles of adult locusts.

{Schistocerca gregaria), as described ptcviously.6 40-60 nl.of aqueous mRNA

at a concentration of ! ug/ul was injected into each ococyte. The cocytaes
were then stérod 1n a modified Barths nedlun’ at 20°C yntil use. Dﬁtinq
ilcctrophy:toloéi&nl recordings, oocytes ware perfused at 2 ml/min with froqg
Ringer (NaCl liS'aM, Xcl 2.5 LT CAC).2 1.8 aM; HEPES 10mM; pH 7.2).
Two-electrode voltage-clamp was used and drugs vere applied in bath, mostly
‘at a holding potential of =60 aV. The set-up allowed up to five different
solution changes to ba performed on & given ococyte, .

4 Expression of glutamate, quisqualate and GABA receptors occurred $ to S
days after injecticn 0¢ the mRNA.'Thc results obtained are summarised in

Table ' (nenumber of experiments, each from a different cocyte).

Table ' : Some electrophysiological characteristics of the ncqrotrunnnxttor
receptors sxpressed in Xenopus cocytes by aRNA from locust leg muscle.

RECEPTOR ‘ REVERSAL . TYPE OF POSSIBLE ION(S)
TYPE POTENTIAL(aV) CURRENT INVOLVED
GLUTAMATE 61 + 17 © smooth watter” (n

(ne8) )
QUISQUALATE -10 + 1§ qonornllylp-oath; ““/x’/cjz‘ (2)
(nw10) occasional oscillations ]
GABA -24 22  smooth. c1-
(n=12) .

Agonist-induced currents generally had peak valuas of 350 nA, and in the
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case of glutamate and quisqualate desensitisation often occured,

Oesensizisa%ion could not be reversed even dy prolonged washiag «#ith normail

Ringer, However, by 15 minute pre-treatment of cocytes with TuM concanavalin

A, desensitisation could often be prevented. All effects were dose-cdependent

in the concentratién range 1 uM to ! mM, It was also noted that individual
cocytes did ndc fdecessarily express all three‘:eceptors at the same time.

Application of 0.1 mM GABA onto cocytes clémpeg at -60uV produced
inward currents of up to S0 nA., The reversal potential of this current was
highly consistent and clearly suggests that it is carried by chloride .ins.
This is in agreement with regults from the intact locust muscle GABA
receptor!.vhich have alreadv been shown to selectively gate chloride ;ons.j
Further exparinents are need: d to test the effects of antagonists and
further clarify the role of chloride in the GABA response.

Applicetion >f 0.V mM quisqualate to an cocyte clamped at -60mV alsa
produced an inward current of up to SO nA which occasionally had an
oscillatory coaponent, Tﬁc reversal pocentinl of this response was more
variable and the mean value of zome -10 2V would suggest that more than one
ion may be involved., From initial ionic subsitution expsriments (replacing
66mM of NaCl with choline chloride;, ¥a' has been found to affect the size
of the response. Oscillatory membrane currents in cocytes are. indicative of
the Qctivacion of Caz‘-dcp-ndent ey’ channala. theredy suggesating that the
quisqualate rasponse observed probably also involves a rise in intracellular
an‘ activity. In contrast, membrane currents induced by glutinate wers on
the whole 'smooth' and had a reversal potential of around =61 aV. These
results suggest that again more than one ion are involved, but thise are at

least quantitatively different to quisqualate~activated ionic current(s).

It is concluded that the Xenopu, cocyte systes would be highly suitable

for multi-disciplinary s-udy of insect neuromuscular transmitters.
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NHIBITION OF GLUTAMATE RECEPTOR BINDING BY "DRUGS AND
OXICANTS.

aniel B. Gant, Mohyee E. Rldefrawi and Amira T. Bldefrawi.

Dept. of Pharmacology and Experimental Therapeutics,
University of Maryland School »of Medicine, Baltimore,
Maryland, USA.

Rat brain glutamate receptors were identified by
‘radiolitand binding of (?H]glutamate and the noncoupetitivé
blockers [2H]MK-801 and [3H)PCP to synaptic membranes.
Specific binding of ([3d]glutamate (50 =M Tris-acetate, pH
7.4.lo—4°c ) was saturable with a sin(l; b'nding affinity,
Ke = 288 nM, npd a Basx of 5.84 pmol/mg protein.
Displaceable binding of (3H]glutamate to the fifters. dQe to
bacterial uptake[ was eli.inated by the addition of 0.05X Na
szide and filtration of the bLuffer through sterilization
filters. The allosteric. blockers PCP, MK-801 and
philanthotoxin had no effect on [°leléialate $indin§, but
the calcium channel blocker diltiazem reduced Basx.
.Inhibition- of {¥H]glutamate bdinding was -.tereoselective
;-on( the agonists 1~ and d- glutamate > aspartate >
hosocysteate. Quisqualate inhibited binding with a Xi of 68
uM, while NMDA, domoic acid, APY, APB, and AMPA had X > 300
uM. [?H]MK-801 binding was potentiated by glutamate and waQ
saturable with a Xa of 7.68 oM and a Baax of 2.25 pmol/mg
protein. The glutamnte-potentisted binding ;f [3R]MX-801
was inhibited in & mixed competitive-noncompetitive manner

by philanthotoxin..
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The crayfish abdominal muscle glutamate receptors were
also identified by radioligand.binding of [3H]glutamate
There was no detectable specific binding of (3H]MK-801.
{3H])Glutamate binding diSpleed a single bi;ding site with
a Xe and Baax of 103 oM and 3.93 paol/mg protein,
respeétively. Inhibition by acidic amino acids 'was
stereoselective among thé 1- and d- glutamate > aspartate >
homocysteate. Quisqualate inhibited Binding wifh a Ki of
IOé UM, while NMDA, domoic acid, APV, APB, apd AMPA had K. >
300 uM. [3H]PCP binding to crayfish abdominal muscle was
species specific and was not modulated by glutamate or
diltiazem. MK-801 inhibited (3IH])PCP bindin( with a Ki of "
"11.1 M. *he specific binding was saturable with a EKa of

18.8 oM and a B-;. of 4.52 pmol/né protein. ' (Supported by
NIH Grant EBS 02594)
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DCPAMINE RELEASE BY CCCKROACH SYNAPTCSOMES

*Andrew N. Gifford, Russell A. Nicholson and Paul B. Burt.

Wellcome Research Laboratories, Berkhampsted, Herts. England HP4 2DY
*Gatty Marine Laborvatory, St Andrews, Fife, Scotland KY16 8LB,

Several lines of evidence indicate that dopamire (DA) may be a
neurotransmitter in the CNS of insects. It has been shown to be
present in the insect CNS by both fluorescent histochemical techniques
and by radioenzymic assays and dopamine elicits exci&agory responses
when applied to an identified insect central neurone.”’ Dopamine has
also been shown to be accumulated by insect synaptoscmes. We show
here that dopamine fulfills another of the criteria for a role as a
neurotransmitter - that of release from synaptic terminals by
depolarization.

Synaptosomes were prepared from the cerabral ganglia of 120 cockroaches
(Periplaneta americana) according to the method descgibed previously.
The synaptosomes were loaded with either (’H)DA or (°H) choline,
distributed between ten filter units (Whatman GF/B) and superperfused
with insect saline (50ml) followed by saline (20ml) containing the
compound of interest. Fractions (3ml) were collected over a period of
30 minutes and their radicactivity determined using a scintillation
counter. o

Potassium (65mﬁ)3induces a small release of label in the synaptosomes
incubated with ("H)DA (fig. la) although this is considerably maller
than the release of label by the synaptosomes incubated with (“H)
choline. . Measuring the amount of radicactivity released by lysing the
synaptosomes with distilleg water shows that this can be accounted for
by a lower uptake of the (H)QA. The releasa of label by the
synaptosomes incubated with ("H)DA is greatly reduced by depolarizing
them in the absence ¢f calciuam. - - '

The calcium ionophore A23187, at a coacentration of 10uM, (dissolved in -
551 DMSO) causes a large release of label from synaptosomes loaded with
(“H)DA (fig. 1b). The release is considerably reduced in the absence
of calcium. :

In mammalian systems, amphetamine is taken up into biogenic amine
containing nerve terminals and displaces the biogenic amines from their
storage sites, leading to their relesse jnto the extracellular medium.
Amphetamine (100uM) induceg a very large release of label from insect
synaptosomes loaded with ("H)DA (fig. lc). Interestingly amphetamine
does not lead to depletion of biogenic amires when injected into the
whola insect, ~ perhaps because it falls to reach the nerve terminals,

Reserpine deplgtes biogenic amines in :he CNS of both vertebrates and
invertebrates, In cockroaches this occurs over a time course of
several hours. Reserpine, at a concentration of 15uM, (dissolved in
10ul DMSO) caused a small release of label from the insect synaptosomes,
with a slover time course than with high potassium, #3187 and
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amphetamine (.1g. ld).

Control experiments, in which the corpcunds were replaced by sal.ne
containing 10ul DMSO, showed no release of label.

In conslusion these results demonstrate that insect synaptosomes loaded
with ("H)DA release label on depolarization and that this release is
partially calcium ‘dependent. This provides further evidence that
dopamine is a neurotransmitter in insects and as in mammals can be
induced by amphetamine and by reserpine. .
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Figure 1. Release.of label from synaptosomes loaded with (JH)DA evoked
by a) 65mM potassium, b) 10uM A23187, ¢) 100uM amphetaminae, d) 15uM

. reserpine. Arrow indicates the point at which the compounds were
added. Data are means of from 4 - 1l experiments. Squares are normal
saline, triangles no calcium saline.
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ROLE OF THE CATECHOLAMINERGIC AND SEROTONERGIC SYCTEM IN THE
REGULATION OF THE DEVELOPMENT OF LOCUSTA MIGRATOXRIA

Laszldé Hiripi

Balaton Limnological Research Institute of the Hungarian
Academy of Sciences, 8237 Tihany, Hungary

In the central nervous system of vertebrates the selective
lesioning of the catecholaminergic and serotonergic pathways
by the neurotoxin 6-hvdroxydopamine /60EDA/ and 5,7-dihydroxy-
tryptamine /5,7-DHT/ respectively, is proved to be a useful
tool for the functional studies oif these aminergic system.

.We use these neurotoxins to study the role of the dopamin-
ergic and serotonergic system in the development of Locusta
migratoria. '

Fifth larvae, staged with an accurancy of * 4 hr, were tréated
on the lst and 3rd days after moult. 6OHDA or 5,7DHT dissolved
in 0.2 mg/ml ascorbic acid were injected in a volume of 20 ul
into the abdomen. Control animals received the same volume of'
ascorbic acid. The dose of the 60HDA or S, 7DHT were 500 ug/
/animél. The insect were fed on wheat seedlings and the animals
weighed daily. In the cerebral ganglia. the dopamine and sero-
tonin as well as their metabolites the N;acetyl-dopamine and
the N-acetyl-serotonin respectively, were measured by HPLC-ED
method. The moulting of the animals were observed in each hour
of the light period /12 h/. ‘

The 5,7-dihydroxytryptamine decreased the concentration of both
serotonin and N-acetyl-serotonin moderately in the ganglia.
However, it had no toxic effect, it did not alter the body-

weigﬂf'gain, the feeding behaviour and the larvae lasted for 10
days as that of the control.

The 60HDA caused a transient decrease the concentration of

both dopamine and N-acetyl-dopamine in the cerebral ganglia.

In the control animals the body~-weight doubled by 8 days after
the moult while in the 6OHDA treated animals the body-weight

-—
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doubled by 17 days after moult. S5O% of the larvae died and
the survive larvae lasted 18 days insted of 10 days. During
that period when the body weight of the animal is unchanged
the food consumption decreased significantly.
The same effect was observed whaon the adult animal was
treated with 60HDA.
The results suggest that neither the serotonergic nor dopamin-
ergic system are involved in the hormonal control of moulting.
However the dopaminergic system is involved in the regulation
of feeding behaviour. The chemical lesioning of the dopamin-
ergic system caused the growth disruption by the feeding
inhibition which leaded to high mortality.
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THE METABOLISN CF NEUROPEPTIDES BY XENBRAJE PEPTIDASES FROX THE LOCUST,
"SCRISTOCERCA GREGARIA

R.Elwyn lsaac .

Departaent of Pure and Applied Biology - .
University of Leeds '
Leeds LS2 9JT ’

in vertebrate tissues, extracellular membrare enzymes are consider=d to
be {nvolved in the {nactivation of neuropeptide sigaals and it appears
likely that a faw peptidases, positioned on the pl‘asma membranpe, are
responsible for the hydrolysis of a range cf peptide messengers?'

[n recent work from this laboratory two insect neurcpeptides, ‘proctolin
and locust adipokinetic horaone (AKH), have teen used as substrates to
claracterise membrane enzymes froa tie CNS of the locust, Schistocersa
goagaria. It would appear ‘that neurcpeptides can have diverse functions
and it das been sugzestad tdat prociclin and AX3I-lixa pepilides may play a
role {n neurotranszissios in the central rervous system of !{nsects, in
addition to their effects on peripheral tissnes. The metabolism of prcctgiin
(Arg-Tyr-Leu~Pro~Thr) and AKH (pGlu-leu~-Asn-Phe-Thr-Pro-Asa-Trp-Gly-Thr--
YNE2) by peural menbranes was studted using reverse pbase hplc to isolate
and characterise degradation products.

Jervous tissues from the locust are rich 1n amincpept‘dase actlvity that
degrades proctolin to yleld Tyr-Lcu-Pro—l‘hr. Nuch of this activity s
assoclated with a washed neural menmbrane preparation (a 30K g pellet) and
appears to be responsible for the primary hydrolysis of proctolin whken
incubated in yitrg at a substrata concentration of 100uM. This
aiinopeptidase acti{vity bad a pH optimun of 7.0, an apparent Xm of 23pX
aad was stron.gly inh<bited dy both uastatin (ICEO 0.3uM) and by EDTA
=X, .

At proctolin concentraticns below 1K, the‘dipeptide Arg-Tyr was also
detected as a significant metabolite and appeared to result from the
cleavage of the Tyr-Leu bond. This weak activity was also maximal at ’plil
7.0 and displayed high affinity for proctolin with an apparent Km of
around 0.35uNX. ' . ‘
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By separating thie crude neural meabranes into synaptcsomal and
mitochondrial fracticns, it was shown that the anminopeptidase activily ,
like acetylcholinesterase, was eariched in syvaptcsomal meabranes. Te
Tyr-Leu hydrolysiag activity on the other hand appeared to be predominantly
66%) associated with the mltochondrial membrane fraction:

AKH is netabolised by neural membranes releasing two fragmeats (AAB).
The addition of amastatin to the {acudbation amixture indibited the formation
of A whilst the amcunt of B produced was Increased properticnslly,
demonstrating that B was the prizary hydrolysis product. Amiso acid
analysis identified B as (Phe~Thr-Pro~dsn-Trp-Gly-Thr-¥H2) iadicatiag that.
remgval of tle ¥-terairal tripeptide by aa endoreptidase s the first step
in the degradation of ALH by neural nembdbraces.

The activity did not apgear tc be enriched in a synaptic membrane
preparation. However, recent experisents bave shown tlat specific
inhibitars can be used to differextiste between the activities associated
with synaptic aad mi‘.och‘cndrial nenbranes. Studies are pow In progress to
claracterisa the synaptic membrane enzy3e.

TLe use of AKH as a subsrate has .emonstrated that synaptic mesbdrane
preparations are able to degrade a peptide that {s protected {rem
exopeptidase attack by the presencu of bdlocked terminal amino acids. The
bnad specificty of the enzynme i3 not ).'n.ovn but it is of interest to nota
that many of tha neuropeptides recently i{solated from {nsects possess, as
iz AKH, phenylalanine at position 4. This hydrophobic anfno acid donates
its aminc Zroup to the scissile ocond of AKA.

The localisation of an aminopeptidase und endopeptidﬁs& activity in
synaptic-pembrane preparations is consistent with rcles for thess énzy:es
. in the inactivation of synaptically released peptides. Sinmilar peptidases
Lave also been detected !n membrane preparations from locust gut, fat body
axd Malpighian tudules suggesting that the same or sizmilar enzymes to those
described in the present report may bave a general role ia the inactivation

af insact peptides.

1. Turaer A.J.;Matsas,R.; Kenay,A.J. Blochen Pharaacnl. 1985,34,1347-13%6.
2. lsaac,R.E. Bigchen Sac Irang,168%5,13,1238-1239
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INTRCEANGS X-'":oar:':v:z-. S (3A34) AND ZLICTRICAL
SITVITY SF THS BRAIY AFTIR ISJECTION THS PISTICIOES
(MOGAN =T AND OmaZRsS. "

KADTROV G.E.

Labcratory of xnuﬁochemist*y, Institum st Pbys‘olog*
Azer‘aijan Acadeny of Scisnces. Baka,USSR 7C6C2.

:
'

. The experiz=e¢nts wale conductald, on TaDtits species of ¢hiz-
" chilla (the welights- 2-3,5 z.),

'
poll

The electrodes wer-e izmplanted to the rabbits ¢f thelr

n

W

23
cezhalon of reticular fcrmations, sensenotor 02 cortex and
ceredbellum (on the coordizates of J N.2veras ¢ and J.D.3reen
.aclns).

Were determined both the electrical activity the nemed st:uc-
ture of the brain and investigated points of the intererargsing
GA3A i3 the same structers (for the 4 e:ar=15g these points ia
| the zcacn:oqf;litical ceticular formations of rats were Saken

the whole bole of the drain, beginnig‘ffom the medulla till
the bypothnlamus 1nclusiv17). |

The pesticldles terc apylied one and man ‘tizes 1n the watar-
alchal solution (interauscular in the doze 2;4 and 6 ngr/ig
/for rabbits/ aad 0,230,4 and 0,6 2g7/100 gr mass of.tha and -
mals /for rats/ ). | | I

Iz the character of control was servad 1ncermuscu;ar“in3eccion
in those volume of the ethyl alcobol distilled water iz which
wore.dissolvod the pesticides,

Intermuscular injection of this solution did ast provok§ the
displacement, '

Zxpression of decreasing the content of GABA, GA and AL wers:
reglstar.d arﬁor 3¢ uinutéa injection pesticides accorilinzly
in dozes of 6 mgr/kg and 0,6 ngr,/1CC X nass of animals.
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On the raceived experizental 3jata the pesticides gfter

the penetration to the organism of animal change the activi-
t7 of enzymes GAD (3¢ 4.1.1.15) and GABA-T (EC 2.6.1.19) ia

the iavestigavted structures of the braih. which is s%ipula-

ted accordingly the displacements in the coateat GA3A, GA
and AA. But the changicg is znot siople even for the inves-
'ciga:ed sections of the brain, These neu:ocheﬁiscry ddspla-~
cements were correlated with ého studying the elecirograyhi-
cal points of “he same sections of the draia,

In particular electroenceshalcgrashical activity and provo-
ked #ith <his potoncials in focus of saxizum electrical ac-
tivicy in projection zone contralaterial sensmotor cortax
ia resjzorse :o.electroskins 1:ri:;t1cn of the rabbits,

In the 1light of the received data it offers dafine 1ncore;
tha researching the functional condition alreno-and cholino-
ergical s“ructure of the.brnin af:erynun: days injections to
the organism pesticides., T-he experiments showed, that in the
pesticidized animals such a s;oéifienl preparations as ejhe-~
drin and amicazin, galantamine and mmizil wers accotdingly- 
exiting and dlockading ndrono-cnd-cholinoorgical structures
in sccord analysis the studying electrographical phencmenons
di4 not be able gave their evidence (as it usually Take place
for the intacting animals for those, which did not receive.
pes€1cidos). This fact, in my opinion, is viry 1ufcrestins.
thou for the present 1t is d41f%ilculty explicadle or, in ge-
nersl, 40 not defying to the interpretatiocn. The experimsents
in this direction are continuseing, '

Sawyer,0.M., Ewerett,J.¥.,Green,J.D.comp.Yeurol,1954,101,
cp. 301-A24, ‘
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MODGLATION OF ACETYLCHOLINE RELEASZ AND HIGH AFFINITY CHOLINE TRAN3PORT IN IN-
$ECT SYNAPTOSOMES '

M. KNIPPER, J. XRIEGER, K. BREER
Univetrsity Stutcgart-Hohenheia
Institute of ioophyslology

7000 STUTTGART 70, West Germany

Neurochemical aspects of cholinergic synapses are of par:ic; ar {aterest

for insect neuropharsacology. The release of acetvlcholtne (ACh) from isolated

nerve terainals has been studied using & atcroperfusion system; [t was found

N
that the evoked La‘"-dependent relesse of neurstranssitters couid bYe siaulated

ander {n vitro zonditions. Thus, synaptuosomsl preparastions ady be sufiable to

.study the regulation of presynsptic activities. In the preiencc of cholinergic

agonists, like carbamylcholine, a signfficast reduced rate of ACh«reioase‘

was ohserved, suggesting an sutoregulation of the release p?oceis. In series
o(‘pcrfus}én experiments it vas revealed, that the observed modulation nf ACh-
relesse was sediated by suscarinic sutoreceptors aad extended studies on the
subtype of receptor involved (a thtn'rogu11:9ry prozess suggest that the sodu-
latory effect of ACh s obviously transduced via M.-type receptors. This re-
ceptor sudbtype is appartentiy located in the presynaptic sesdrane of choliner-

" gic nerve terzinals sod nni;tivcly coupled to the adenylate cyclase; thus re-

ducing the lynnp:ouoﬁdl cAMP-level. Activatioa of sppropriaste heteroteceptors
in {solated nerve endings, e.g. via octopamine, resulted {n an activation of
the synaptosomal adenylate cyclase andlanvihcrinlt of the synaptosoasl CAMP-
¢oacentration: consequently an enhanced relesse rate for ACh vas observed.

These results suggest s cegulatory role of L-trasynaptosomsl cAMP on the rate

‘of transaitter release, probnbly'vta cAMP-dependent kinase reactions.
Phosphorylation 5f presynaptic seabrane proteins msy bde considered as & criti-

cal lt.pliﬂ sodi fying essencial functionsl elements of the release machinery
for neurotransmitters and thus sodulating synaptic signel transaission. This
viev {3 supported by experisents using phoriolesters, which sfaic the stizula-
tory effects of endogenous diacylglyceral on proteia kinase C; activation of
protein kinsse C ia lsolated nerve tersinals casused s significant cnhaﬁceuon:
on the avoked release of ACh, this etfect vas dlocked by polymyxin, an {nhi{bi~
tor of protein kinsse C. :

The high affinity transport systes for choline, which is luppoucd to b» the
tate llntﬁing, regulatory ‘elesent for the synthesis of ACh, was found to be
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modulated in a siaillar way via prcisynayti: auto- and hetc:‘loteceptou. In ad-
dition {t was observed, that extracellular ATP speciffcally iahibits chis
transport system; the results of pharmacological experiments suggest that the
‘regulatory effect of ATP is wmedlated via a ‘kinasc ruc:lor;, obviously via ek-
tokinases located at cholinergic nerve terainals. This specific transport sy-
it_n for choline fs obviously a symmetric catrier-system, which is energized
by fon gradients, notably the sodiua gra‘dicnt.‘ In atteapts towards a nmore de-
tailed characterization of the carcier-system, responsidble for the high affi-
nity accumulation of choline, tritiated hemicholiniua-) has been eaployed in
dinding studies on amembrane preparations. As a first step towvards a molecular
{dent{fication of the carcier-polypeptides, monoclonal sntidodies has Seen
raised, which 'spectt'tculy blocked the high-affinity sccumulation of choline
and recognized a specific polypeptid i(n wastern blots; purification «4nd recon-
stition erperiments will reveal vether the {dent{fed p‘;lypop:idos can be con-

sidered as functional elements of the high affinity transport systea for

choline.
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DETERMINATION OF THE MOLECULAR WEIGHT OF AN INSECT
NA* CHANNEL COMPONENT BY USING SCORPION TOXINS

Maria Elena de LNA, Franqoxs COURAUD, Bruno LAPIED’ Carlas Ribeiro DINIZ*,
Hervé ROCHAT.

CNRS UA 1179, INSERM U. 172, Laboratoire de Biochimie, Faculté de \1edccmc
Nord, Bd, Pierre-Dramard, 13326 Marseille Cédex. 15, France.

® Laboratoire de Physiologie, Faculté de Médecine, rue Hau’e-dc-Rcculee, aeous
Angers, France,

+ Departamento de Bioquimica e [munologia, 1.C. B.,; Universidade chc'al de Minas
Gerais, 34000 3elo Horizonte, M.G., Bcazil. -

'Usilng photoatfinity labeting with arylazide derivatives of four radiciodinated
scorpion toxins active on Na* channel of insect it is shown that all the four toxins
bind to the same molecular weight component of Mr 138,90 + 12,900 (n = 17) of the
nerve cord synaptosomal fraction of the cockroach (Pcriplancta americana). Since the
only high molecular weight in the \er‘cbra'e Na* channel is the Mr =z 260,000

~%subunit (Catterall, W.A,, 1936) and since an homologous protein has been shown to
be present in Dtosophila (Salkof!. L. et al,, 1987) we may assume that the compo-
nent labeled in our experiments is homologous to the a-subunit described in verte-
brate tissues. One of the four toxins (T3 VII) used is also highly active in mammal,

Ts VIl is shown to label a low molecular wexght component (31,000 « AOOO) in rat

beair. synaptosomes, contrary to what we bbtain with the msect‘ prepacation,
However, this i3 in agreement with previous data showing that 3-toxins specifically
label 8-subunit of the Na* channel of vericbrates (Jover, E. et al., 1987, in press),

References :

- Catterall, W.A. (1986) Ann. Rev. Blochem 55, 953-983.

- Salkotf, L., Butler, A., Wei, A, Scavarda, N., Giften, K., fune, C., Goodman, R.,
Mandel, G. (1987). Science, 217, 744-749,
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PHARMACOLOGICAL PROPERTIES AND MOLECULAR SIZE OF INSECT SODIUM
CHANNELS

“Sarah C R Lummis and David B Sattelle
AFRC Unut of Insect Neurophysiology and Pharmacology, Department of
Zoology, University of Cambridge, CB2 3EJ, UK.

Voltage-derendent sodium channels are selectively blocked by the marine
neurotozin saxitozin (STX), which has proved extremely useful in the
isolation and characterization 6( these transmembrane proteins!.
Electrophysgological studies have demonstrated that this toxin is a potent
blocker of 'c'ockroach (Periplaneta americand sodium channels, effective at
nanomolar concentrations?. Membrane extracts from the central nervous
system of the saﬁe species of cockroach showed a saturable component of
| specific [3HISTX binding. Nonfspecif ic binding was determined using {yM
unlabelled STX and represented less than 10% total binding. Analyses of -

the binding data showed a K4 (dissociation constant) of 2.25 £ 0.52 aM and

Bpay (mazimum number of binding sites) of 129 + 1.4 pmol/mg protein.

Figure 1: Speciﬁc binding of [HISTX t0 2 membrane extract from the CNS

of the cockroach ( Per/p/aneta :mericmz).‘
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The phar macological characteristics of [3HISTX binding revealed that the
specific binding component was blocked by STX and TTX, but not by
veratridine or deltamethrin, which act at different sites on the channet
molecule. The effectiveness of unlabeiled STX samples prepared from
different sources ( MyLius Saridomus and Gopyaular) were compared as
inhibitors of [3HISTX binding. By means of radiation inactivaticn and
simple target ' .eory, it is possible to determine the molecular target size of
membrane proteins. In this way the molecular target size of the cockroach
[3HISTX binding site was estimated under a variety of conditicns to yield
information about the molecular organisation of the insect .sodium channel|.

protein.

Figure 2: Inhibition of [3HISTX binding to cockroach nerve cord membranes
by unlabelled STX, TTX and veratridice.
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AN ANTISERUM TO A PEPTIDE SEQUENCE DERIVED FROM A CLONED LOCUST cDNA. CROSS

REACTS WITH THE NATIVE LOCUST HICOTINIC ACETYLCHOLINE RBCEPTOR

David R.E MacAllan®*, John‘Marshall*, Gecrge G.lunt® and Eric A.Barnard”
*Department of Biochemistry, University of Bath, Bath England, BA2 7AY

+MRC Molecular Neurobiology Unit, Addentrookes Hospital, Cambridge England

It is becoming increasingly clear that neuronal nicotinic acetylcholine
receptors (nAChé’s) in mammalian brain are coded by genesl.'that are
Irelated to those coding for the Qell characterised peripheral beceptor but
tte receptor'prpteins eihibit Aiffgrent ph;rmacoisgical Specificitlesz.

It is also suggested tha; the nAChR may:be a member of an even larger
superfamilylof ion channel receptorsa'd. A close examination of the
amino acid sequence reveals that there is homology between the different
subunits.or the nAChR and also between any on; of the nAChR suburits and
tﬁe GABAA and glycine receptor subunits. The most highly'conserved
region in these receptors appears to be a sequencCe which {s able to form a
disulphide loop iA.the N terminal region of the extracellular domain.

Such a sequence Aas been identified in a cDNA clone from Drosoghila
melanogaster, which is thought to code for a putative insect neuronal

nAChR subunits. We have identified an identical sequence in a clone

isolated frcm a genomic library of the locust Schistocerca g;égarias. and

have synth;sised a peptide containing this disulphide loop sequence. The
peptide was synthesised with cysteine residues covalently modified with an
acetamidomethyl group protecting the side‘chhins. AA antiserum was
raised against the peptide which recognissd a protein of Hr49,000 in a
Western blot using a locust ganglion membrane fractlon7 as the antigen.

The antiserum also identifiea.a single major band {n a vestern blot with
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the abungarotoxin binding component purified from the same membrane
breparatioﬁ. Furthermore, an antiserum raised against the purified
abungarotoxin binding component recognised the synthetic peptide in a dot
blot immunobinding assay. We have previously repérted the'purificacion
of the abungarotoxin binding component from this tissu; which had a major
subunit of Mr 49,000 and have shown that a protein with this molecular

weight in the membrane fraction is labelled by the nicotinic affinity

ligand Aé(N-maleimide)—[‘H]benzyltrimethylammohiums.

We conclude that the proatzin of "r 49,000 which is recognised by the

antiserum to the synthetic peptide is a subunit of the insect nAChR.

1. Goldman, D., Deneris, E., Luyten, W., Kochhar, A., Patric, J. and
Heinemann, S. Cel; 1987 48 965-973

2. Morley, B., Dwyer, D., Strang-Brown, P., Bradley. R. and Kemp, G.
Srain Research 1981 262 109-1:16

3. Grenningloh, G., Rienitz, A., Schmitt, B.h Methfessel, C., Zensen, M.,
Beyruther, K., Gundelfinger, E. and Betz, H. Nature 1987 '328 215-220

4. Schofield, P., Darlison, M., Fujita, N., Burt, D., Stephenson, F.,
Rodriguez, H., Rhee, L., Ramachandran, J., Reale, V., Glencorse, T.,
Seeburg, P., and aarnard E Nature 1987 328 221-227 :
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'CLCNING AND EXPRESSICN OF THE NICOTINIC ACETYLCHOLINE RECEPTOR

FROM THE LOCUST SCHISTOCERCA GREGARIA

J. Marshall, n.B, Sattelle”, J.A. David®, M.G. Darlison, G.G.

Lunt* and E.A. Barnard

MRC Molecular Neurobiology Unit, MRC Centre, Rills Road,

Cambridge (B2 2QH

*AFRC Unit of Insect Neurophysiology and Pharmacology, Department
of Zoology, University of Cambridge, Downfng Street, Cambtidge
cB2 3EJ '

*Depacrtment of Biochemistry, University of Bath, Bath BS2 7aY

In vertebrates it has beeﬁ demonsérated that the neuronal
nicotinic acatylcholine receptor (nAChR) is composed of two
different polypeptide chains, the alpha and beta subunits (1).

In invertebrates some biochemical studies have suggested that the
nAChR in the central nervous system ((NS) is a homo-oligomeric
structure (2). It has been proposed therafore that it is an
evolutionary arcestor qf the vertebrate nAChR. Molecular cloning
techniques, however, have provided preliminary evidence for

multiple nAThR genes in the locust Schistocetrca greqaria (3). 1In

order to investigate further the oligoﬁeric structure of the

locust Schistocerca gregaria nAChR we have isolated cDNA clones’

encoding nAChR polypeptides and used them in conjunction with the

the Xencpus oocyte expressijoys system.



ot

-
“ ]

Poly(A)* RNA was purified from locust embrybs. This mRNA

was to construct a A gtl0 cONA library. This library was

screened under low stringency using a 400-basepair fragment

of a previously cloned locust nAChR gene {3). This screen

yielded two non-identical ¢DNA clones (ARL 1 and ARL 2) which

"show sequence homology to a known cDNA of the Drosophila neuronal

nAChR {4). We tentatively identified one of these clones

as an a and the other as a non-a nAChR polypeptide,

ARL 1 and ARL 2 have been used in expression studies
of the respéctiVe'RNAs by means of micro-injection into Xenopus
oocytes. Clearly defined electrophysiological reéponéeé to
bath-applied nicotine'were found in injected ooéytes, with

8

a threshold at 1.0 x 13 M. No nicotine sensitivity was observed

in control non-injected oocytes.

In summary, we have identified different cDNA cloﬁes

from the locust Schistocerca gregaria. - Expression studies

indicate that these genes encode a functional nicotinic

acetylcholine receptor.

J.M. acknowledges the‘suépo:t of Shell Research Ltd., U.K.
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INTERACTION OF GQSSYPOL WITH
GLUTAMATE ,ACETYLCHOLINE AND
ADRENERGIC RECEPTORS.

Nabil A. Mansour, Shebl M. Sherby, Ahmed M. El-Nabaway, and
Maadouh H. Idriss. ‘

‘Department of Plant Protection, Division of Pesticide Chemistry,
Faculty of Agriculture, Univergity of Alexandria, Alexandria ,
Egypt.

We have recently found that gogsypol causes infertility and hor-
monal imbalance on some lepidopterous insectsl’2 3. We have in-

vestigated its interaction w1th certain receptor systems. Binding

of [*H]glutamate to rat brain synapt1c membrane was carried out

using the filtration assay‘. U;xng Tris-citrate buffer, pH 7.4
in presence of 2.5 mM Caz’, a iingle affinity site was detected

“for ['H]glutamate bindfng to rat brain synaptosomes, with K of
0 33 £ 0.05 uM and B ax ‘of 57. ¢ +10.0 pmol/mg protein. andxng
was inhibited by gossypol with|k. value of 5.8 £ 0.4 uM. This
binding was drimatically 1ncre$sed in absence of Ca*?, Although,
gossypol at low range of concentrations stimulated (*H] glutamate
binding, at higher concentrati$ns {<30 uM)}, the stimulation was
reduced. ' 1 '

' The effects of gossypol on the binding of ligands to the nicotinic
acetylcholine receptor (anChRj of Torpcdg membranes were studied.
Gossypol, at concentrations ranging from 0.1 to 100 uM, increased
the binding of [’H] H,.-HTX and [’H]PCP at 2 nM to Torpedo mem-
branes, similar to carbamylchoiine, in a dose-dependent manner,up
to 80 - and 40 fold for both ligands, respectively.

Binding of -[’H]dihydroalprenolol, (-['H]DHA), a potent g-adrener-

. gic antagonist, was used to 1dent1fy g-adrenergic receptors of
membrane preparation from frog erythrocytes and Philosama ricint

prothoracic glands by filter assLy technlque . Gossypol was more
potent than xanthine derivatives in stimulation (-)(*H]DHA bind-
ing to its receptor. |

It is concluded that gossypol has tvo concentration-dependent
effects on the glutamate, n-AChR, and B-adrenergic receptors. At
low concentrations, gossypol like agonists potentiate binding of
the correaponding specific llgands to glutamate and B-adrenergic

receptors, while such potent1at1on occurred only to the channel
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drugs of n-AChR. It is suggested that gossypol induces a recep- \
tor conformation that modulate the agonist affinity. It do so
by binding to the lipid bilayer, or to certain sites that may
be at the domains of certain protein in the 1lipid bilayer.
Ihhancementlof'occupying the receptor binding site(s) in the
presence of gossypol might have an effect on another component
after forming a transient complex with_the system. The effect
on the adenylate cyclase-coupled B-adrénergic receptors might
explain that gossypol interfere with the cAMPg ormation system
which antagonizes the ecdysone action on its target, which
would affect the insect fertility. '
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4=3- [3H] BUTYL=- 1 - (4~CYANOPHENYL) -2, 6, 7-TRIOXABICYCLO [2. 2. 2] OCTANE:
SPECIFIC BINDING IN THE AMERICAN COCKROACH CENTRAL NERVOUS SYSTEM.

Russell A, Nicholson,Christopher J. Paloer” and John E. Casida”.

Wellcome Research Laboratories, Berkhamsted, Hertfordshire, U.K. and
Pesticide Coemistry and Toxicology Laboratory, Department of Entomological
Sciences, University of California, Berkeley, California 97420, U.S.A.

The title compound (1) wvas preplred as 8 potential radioligand prodbe
for a site of insecticidal action in the insect tentral nervous system(CNS).
The 4-t-butyl analogue of 1 is a much more potent insecticide! than
4-t-butyl- l-phenyl 2,6,7~ trxoxabxcyclo[2 2.2)octane, bicyclophosphorus
esters and_picrotoxinin which vere used earlier as radioligands or prototypes
thereof. [ = 1 was prepared vith & specific activity of 60 Ci/mmol.

[3H]-I The binding characteristics of [3]- 1 vere

investigated using a membrane fraction isolated
fran head and thoracic garglia of the cockroach (Periplaneta americana).
Nervous tissue fron 80 male cockroaches was homogenised in 25ml. Van
Harreveld's saline (15 excursions; motor driven pestle) and centrifuged
(480g; 10 minutcs). Centrifugaticn of the resulting supernatanc (35, OOCg.
35 minutes) yielded a pellet which vas resuspended in a further 30ml.saiine
and centrifuged(35,000g;35 minutes). Washed membranes were resuspended in .
saline (sodium chloride 200mM; sodium phosphate 5mM, buffered to pH 7.7) to
give a protein concentration of Img/ml. Routine binding assays were initiated
by introducing fresh membrane suspension (100pl) into saline (900ul) containing
radioligand (1.3nM) in the presence or absence of displacer. Incubations
were carried out at 22°C for 30 minutes whereupon ice-cold saline (2m..)was
added and membrane-bound radioactivity was immediataly separated from the
medium by vacuum filtration on Whatman GF/C filters. Filters were quickly
washed with ice-cold saline(2x5ml.) and ‘radicactivity quantitated using
liquid scintillation counting. Specific binding was defined as the difference
between total binding and binding
in the presénce of 6y unlabelled 109
I. Specific binding (which repre-
sents 84.4%%3.7 of total binding)
is essentially saturated at a
radioligind concentraticn of 2.8nM.
This represents a maximus number
of binding sites of 0.] pmol/mg
protein. Under standard assay . 1
condj.ions the ICs5q for displace-
ment of [JH]-I by unlabelled I is
between 10 and 20nM (see Fxg.l)
The t; for associarion at 22°C is
approximately one mirute and full J
equilibration is achieved by 130
minutes,although 2t 0°C the . 1
association rate is considerably
reduced(t}=30 minutes). After
preequxlxératxon the dissociation
of [3H] -1 by unlabelled I followed 0?0 0t el et e
a biphasic course at 22°C. [O1smacER]
Substitution of chloride ions by

BINDING (3}
e,

SPECINC
Ld
e

Tigute 1. Uffect of valabelled 1 (W), &-g-hucyl-I-cyano~

acetate cicarly demonstrated 2 1+(é=athyuylpheayl)=1,4,7, :tiomicyclo[Z.Z.Z]oc:mn w),
minimsl dependence of binding on picrocoxiais (a), hr[nd):n- (#) sod ivermectia (O) o
: : : specific dindiag of ]=1 to coeckrosech CYS.Dieldrin guve
chloride ion concenr.rauon.— 16222 and 20831 displacemtat of H]-1 sc 6ou and 0. o
teaspectively,
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4-t-8utyl-3-cyano~|-(4-ethynylphenyl)-2,6, 7-tt:oxabxcyclo D 2,2]octane
(a highly potent 13hxbxtor of the GALA-;A:cd ehlortdc channel in sammalian
brain preparations’) displaced [3H-I in & dosa dcpcndcnt -anncr(lcso 0.2uM).,
Less potent displacement effects veare observed vith picrotoxinin and dieldrin
(Fig.l) whilst GABA produced a wesk inhibition of binding at concentrations
of 0.)mM and above. Although unusually shallov inhibitioca curves vere obtained
vith lindane and ivermectin both neurotoxicants were sble to produce significanc
inhibition of binding at subenanomolsr concentrations. The® ~¢yano-pyrethroid
deltamethrin and bicyclophosphorothionste TBPS failed to displace specifically
bound I at 0.6pM.

“These results demonstrate that at nancwolar concentratioss the novel
radiolxgand [3ﬂ]-1 binds to receptors in sembrace preparations isolated from
insect CNS in & reversible, tamperature-sensitive and chloride-independart
manner. The recognition site for 1 asppesrs to be associsted with the chloride~
fon selective channel as several classes of neurotoxicants reported to intaract
vith this complexd=7 vere shown to displace dinding Separate iovestigations
reported at this meeting using insect synaptosomes and dissociated neuronal
somsats prov;dc further evidence that the central actions of bicy-loortho~
carboxylates in insects are mediated at the chloride chaunel complex.
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7. Chissuddin, S.M., Natsusura, F. Cowp. Bloched. Physiol. 1984 7} l41.14k
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PRESYNAPTIC ACTIONS OF KAINIC ACID AT THR ISOLATED MA““ALIAN
GLUTAMATERGIC NEURONE

Junllq M. Pocock®, Helea M. Murphie and David C. Nicholls

Department of Biochemistry, Usniversity  of Duadee, Duadee DDI
4HN, Scetland, UK.

Kainie kid. ore  of the most pc;ten't “of the smino acid
neuroexciun_u, i : conformationally rutricua :n;loguc or'
glutamare, acting oa specific receptors in the mammalian
central aervous systama to cause % 'long-lutiag neuraonal
depolarizstionl. Much focus has been centred on the

possible presynaptic actiuns of this neuro(oxi:z.

We have recently developed 2 continuous fluorometric 1333y
for glutamate relesse from syu:otonomer’" which enables 8
clear  distinction to bde made Dbetwees Cal’.independent
gluiamate telease from the cytoplasm sad . Cal*.dependent
exocytotic release from son-cytoplasmic, probdably vesicular
pools. Use of this assy Nas ulond__ us 0 resolve some of
the complexities mnou‘ndin" the presyanaptic actions of

kainic acid3.

We thow thsat kainate inhibits the exchange of D-aspariate
into' guines-pig cerebrocortical synsptosomaes, inhibits the
Ca}‘-iadcpndnt offlun of endogesous glutamate in the
presence of 8 trapping system for the nvleued amino awid,

but  poteatiates & Cal’-independent net  efflux  of  endogenous

*present address: Department of Istomolegy, Uslversity of
Callfornia, Riverside CA 92521-4314 U.S.A,
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and  labelled glutamate and  aspartate in  the ' absence of the
uap. Dihydrokainate has &  similar  effect. No  discrepancy

is seen - between the release of endogenous - and exogenously

accumuliated amino acid.

-

We conclude t.hat the presynaptic 'effects ;:f millimolar
kainate on guinea-pig  cerebrocortical syna-ptosbmei can  be
explained  simply by the inhibdition of the plasma  membrane
Na*:glutamate  (aspartate) cotransporter. . This effect s
'Caz"-independe'n! and does not influence the exocytotic,

transmitter pool of glutamate, release of which is  aot

affected by the neurotoxin.

. Cooper, J. R. Bloom, F. E. aod Roth, R. H. (1986) The

| Biochemical ~ Basis of Naqrop'hafmlcology. Oxford

. Usiversity Press, New Yort./ou"ordl |

2. Coyle, J. T.(1983) J. Neurochem. ¢ 1-11 -

3. Nicholls, D. G. asd Siha, T. S (1986) Nawre 321 72-
M | '

4. Nicholls, D. G. . Sihra, T. S and Sanchez-Prieto,  J.

(1987) 5. Neurochem. 49 50-57

$. Pocock J. M., Murphis H. M. and Nichols D. G. (1983)

J. Neurochem. (in press)
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QUANTITATIVE THREE-DIMENSIONAL MORPHOLOGICAL ANALYSIS OF
LOCUST CNS GABA RECEPTORS

Leo P. Schouest, Jr.*, Thomas A. Miller* and Ricimd w. Olsen.

:Depmment of Eatomology, Uaiversity of California, Riverside, California 92521
Department of Pharmacology, University of California, Los Angeles, California 90024

We used receptor autoradiography for the specific localization and quantitative
characterization of insect CNS GABA receptors using several GABA agonists and
antagonists as competitive dinders to “H-muscimol. The compounds used ia this
specificity experiment were: muscimol (1 uM), gamma- ammobutync acid (50 uM),
isoguvacine (1 uM), nipecotic acid (50 uM), avermectin Bl 2 and {rang aldrin (50 uM).
Competitive binding fesults from these compounds were compared to CNS sections
incubated in 40 oM “H-muscimol (Amersham) alone at the same time. Since adjacent
cryostat sections of locus: brain and thoracic ganglia were utilized ia the incubation
procedure’, differently treated sections were roughly a atemically equivalent since 35um
encompmed each series, Briefly, locust bmn or thoracic ganglia (Schistocerca
was dissected out in a cold Na*-free buffer, briefly rinsed in fresh ~old
buffer and quickly frozen in OCT compound for sectioning. Sections were cut 2t Sum
and placed oa gelatin subbed slides and stored at -20°C uatil necded, S:ides were
incubated in each solutions for 40 minutes. Once dried the slides were exposed to LKB
Ultrafilm for 12 weeks at 4°C. Film was conventionally developed and then analyzed.
Analysis of the autoradiogram images consisted of first enlarging the small image and
thes digitizing the image by scanning the autoradiograph vig s linear photodiode array
12-b%it CCD camers using a frame transfer method (Microscan 1000). Digitized images
wers stored and transferred to an image analysis program (Imagemaster 1000) where the
. quaatitated image was edited and analyzed. A four-quadrant iinage board allowed
comparisons between control and adjacent treated sections by storing four images at
once. Tritium standards (Amersham) placed with the slides during the film exposure .,
period provided quantitative calibration of optical density values. Composite images
consisting of control, treated and standards were constructed, stored as a oew image thus
sllowing direct readings of optical density from each autoradiographic image. Cptical
deasity readings were automatically converted to DPM based oa & standard curve
obtained from digitizing calibration standards. Three-dimensionai images of braia and
thoracic ganglia were compiled from coacurrent adjacent sections and transfecred ioto a
. three-dimensional reconstruction program. Our results indicite competitive binding of
GABA receptors was seen for muscimol, isoguvacine, avermectia sad aldrin. Overlay
subtraction of images showed specific GABA receptor locations for the lamina
ganglionaris, some portions of the medulla and lobula plate as weil as the olfactory
glomerulus. GABA receptors were 2lso seen to occur in all three thoracic ganglia in
small specific regions. Three-dimensional reconstruction allows the quick visualization of
nsuronal regions specific for various receptor types.

I. Lust, G.G.. Robinson, T., Miller, T., Knowles, W P. and Olsea, R.W. Neurochem. Int.
1985 1 751-754.
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AN L-GLUTAMATE BINDING SITE 1IN THE CENTRAL NERVOUS SYSTEM OF
PERIPLANETA AMERICANA. :

-

Maria-Isabel Sepulveda and David B. Sattelle.

A.F.R.C. Unit of 1Insect Neurophysiology and Pharmacology.

Department of Zoology, University of Cambridge, Downing Street,
Cambridge CB2 3EJ, U.k.

There is considerable evidence that L-glutamate is an
excitatory neurotransmitter at arthropod neuromuscular
junctions!} . Effects of glutamate have been describeds?
for an identified neurone in the central nervous system (CNS) of
the cockroach (Periplaneta americana)

The data currently available for insects are not all

easily reconciled with the currently accepted classification of -

vertebrate glutamate receptors. The present experiments were
performéd to characterize the binding of (H]L-glutamate
to membranes prepared from cockroach CNS. The assay was
performed at 4¢C in Tris-citrate buffer and 'was terminated
by centrifugation. . , i
Apparent values for Ke 1(0.83 : 0.35 pM, nz3)
and Bea: of 120.3 : 10.8 pmole of glutamate bound per
ag of membrane protein, n=6) compare well with previous

measurenents obtained for the housefly (brain and thoracic

suscle) . and cockroach (nerve cord) by a filtration method?,
Under the conditions adopted here binding was unaffected by
Ca’* or Cl-, Analvsis of the data with the Scatchard
and Hill approaches suggests a single binding site with a Hill
coefficient of 0.98 :0.03 (n=6),

Several inhibitors of glutamate binding were tested at
1.0 sM concentration. The relative potency of inhibitors at
this concentration was ibotenate > quisqualate > L-sspartate
L-APB > keinic > NMDA > D=APV.

The dissociation constant {Ke), and pharmacological
profile of this site are consistent with binding to a putative
glutamate receptor. _—

.- Kinetic studies were conducted using freeze-dried
membranes and similar values for K» and Bes: were
obtained. Such freeze-dried nembranr samples were subjected to
increasing doses of ionizing radiation. The relationship between
functional inactivation and radiation dose is a function of

- molecular target sizet. The estimated molecular weight for

the putative L-glutamate receptor is 175.300 ¢ 3,600 (n=4)
daltons {(see Figure 1l}.
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Radiotion inactivaticn of L-glutecmate binding
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Figure 1. Effects of irradiatinn on the specific binding of
(YH]L-glutamate to a cockroach CNS  membrane preparation.
Specific binding is defined as that _displaceadble by excess
unlabelled L-glutamate (1.0 =M) in ¢the presence of 50 nM
[3H)L-glutanate. Bars represent twice the standard' error of
the mean (nzdi.
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[3N]TBOB Lfmol/mg

THE COMVULSANT ' RECOGNITICN SITE OF THE GABA RECEPTOR COMPLEX IN
TERATOGENICITY OF POLYCELORCCYCLOALAANE INSECLUICIDES IN CHLCREN
BERYCS . : '

Jesef Seifert

Department of Agricultural Bzochemstry, University of Hawaii,
Honolulu, Bawaii 96822, U.S.A.

This paper considers the inmteraction of polychlorccycloalkane
insecticides with the convulsant [picrotoxinin or t-butylbicyclo-
phosphorothionate (TBPS)] recognition site of the GABA receptor
corplex as the mechanism of their teratogenicity in chicken
enbryo. ‘

Ontogenesis of the convulsant recogmum site in enbrymic
chicken brain was defined with the radioligands [ 3° SJTBPS and
C 3H}t—h:tylb1cycloo:ﬂnbemcate (C H]"’BOB) Binding of the
radz,oligands is detectable from day 6 of incubation. The increase
in binding capacity during enbryocgenesis and after hatching is
due to an increase in the nurber of binding sites with no change
in affinity of the recognition site for TBOB. The enbrycnic
convulsant recognition site is pharmacologically equivalent to
that of mature brain based on. its affinity to [ S HITECB,
association and dissociation rates of the radicligand from the
receptor, regulation and modulation by GABA, and inhibition of
{ HIJTECB binding to Irain menbranes by the GABA antagenists
endrin, picrotoxinin and TBPS (Fig.l). Early formticn of the
convulsant  recognition site and  its  susceptibility ‘to GABA
antagonists makes the enbryo a possible target far drugs and
envircnmental toxicants which act at this site in adult

.organisms.
I 4 1] L
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Fig. 1. Onmtogenesis and properties of the convulsant recoqnition

site in chicken enbrycs and chicks. EDTA/water-dialyzed !
brain menbranes prepared from l7-day old entrycs ard
10~-day old chicks were used to investicate mto:;esxe

cf the convulsant recognition site measured by

binding (A), Scatdxard analysis (enbryo)(B), and
inhibition of (3 Hmmndirgtobramnenbrana {C).

——
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Polychlorocycloalkane insecticices were examined for
teratogenicity in chicken enbrycs. Endrin was the most potent
teratogen causing cerebrocervical edema and arthrogrypesis at
dcses 0.5-3.0 mg/egy as specific defects when injected into
fertile chicken eggs between day 4 and 10 of incubaticn. Four
lires of evidence squ&ting inwlvement of the embryonic
cnvulsant recognition site in teratogenicity of endrin were
obtained by investigating the effects of Gther GABA antagonists
and/or protective agents. First, GABA antagonists such as
picrotoxinin, which acts at the convulsant reoogm.tlm site?2,
and 3~mercaptcpropicnic acid, which inhibits" glutanate
decarboxylase—catalyzed bicsynthesic of GABAJ3, induce the same
malforration in  chicken enbrycs as  endrin. Secord, ' the
malformations induced by endrin arc alleviated and prevented by
fhencbarbital and diazepam, antidotes of acute poisoniig by
convulsive  toxicants? . Third, the teratogenicity of
polychlorocycicaikane insecticides correlates with  their
menmmaiian toxicity and in vitro ability to decrease the
radioligand binding to rat brain menbrane preparations. Finally,
the severity of malformations, induced by endrm in chicken
enbrycs correlates with a decrease in [ 3 HITECB bmdmg to
chicken embrycnic brain merbranes. .

This study provides evidence about the requlatory role of the
GAEA (pro)receptor oonplex in early embryogenesis. Blockade of
this system by oconvulsive GARA antagonists results in the
.mlformations arthrogrypcsis and cerebrocervical edema in chicken
erbrycs.

1. Squires, R.F., Casida, J.E., Richardson, M. and Saederup, E.
Mol. Pharmacol. 1983, 23 326-336.

2. Ticku, M.K., Ban M. and ¢ Olsen, R.W. Mol. Pharmacol. 1978, 14
391-402.

3. Loscher, W. Biochem. Pharmacol. 1979, 28 1397-1407.

. ' 4. Gossel, T.A. and Bricker, J.D. in "Principles. of Cl.uﬁczl

Toxiocology™ 1984, p.137 (Raven Press).
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Binding of Glutamate to a Membrane Fraction from Locust
{Schistocerca grgaria) Central Nervous System.

George Usoh, Ian R. Duce and Peter N. R, Usherwood

Department of Zoology, University of Nottingham, University Park,
Nottingham NG72RD, England.

The supra-cesophageal and sub-ocesophageal ganglia were removed
from the heads of 100 adult locusts and placed in Tris acetate
buffer (SaM) Ph7.0 at U°C. The ganglia were frozen for 1 hour.at
-80°C and then thawed prior to suspension in 120ml of Tris
acetate . buffer., The material was homogenised and centrifuged for
20 mins at 70,000 x g. The pellet was resuspended and filtered to
remove coarse material, The suspension was centrifuged again and
the peliet resuspended in fresh buffer. This procedure was
repeated four times with a freeze/thaw step after every two
centritugations in order to remove all traces of endcgenous L-
glutamate., The final pellet was suspended. in Tris acetate buffer
(50mM) at a concentration of 50 CNS per ml. This material was
either used iamediately or stored at -80°C for subsequenc use,

3H L-glutamate (20nM) with and without various concentrations of
unlabelled ligands was incubated with 40ul of CNS membrane
suspension in a total volume of 150ul, At the end of the
incubation period bound L-glutamate was separated from unbound by
one of two methods: The mixture was centrifuged at 15,000 x g for
30 secs, the supernatant was removed by aspiration and the pellet
was brietly washed. The pellet was then sclubilised and the
radiaoctivity determined by liquid scimtillation counting.
Alternatively the incubation mixture was .vacuum filtered through
GF/B (Whatman) glass fibre filters. The filters were washed once
with 7.5m1 of 5mM Tris acetate buffer and the retained
radioactivity was determined as above. Non~specific binding' was
determined by measuring the amount of binding retained in the
presence of 10pM wunlabelled L-glutamate., The protein
concentration of the membrane preparation was determined using
Peterson’'s moditication of Lowry's method.

The time course ot binding and dissociation of L-glutamate was
rapid, reaching a maxiaum within 5 mins., More than 902 of this
binding -could be dissociated within 5 minutes by adding excess L-
glutamate The remainder was dissociated within.a further ten
mins. With the tiltration assay Scatchard analysis of the binding
suggested the presence of two saturable binding sites, a high
attinity binding site with aKd of 20nM and a B of 0.8paol/mg, .
and a lower affinity site with a Ky of 2365m and a B of
Spmol/mg (Fig.l). With the centrifszation assay two binding sitas
were also present. The high affinity binding site had a similar
atfinity, but the value tor B ., was 2pmol/mg. However the lower
atfinity site appeared to be unsaturable, In both assays, at low
L-glutamate concentrations (<10nm). binding showed positive
cooperativity.
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Several ligands wvhich have been reported to bind to L-glutamate
receptors were examined as unlabelled competitors for “H L-
glutamate binding. Quisqualate, kainate, NMDA, domoate, ABPA and
a kainate analogue c¢is 2,3,~PDA dound to the high affinity site
with an apparent Ky of 15-20nM. A comparison was made of the
ability of various ligands to displace bianding of 20nM L-
glutamate. The results are shown in Tabdble 1.

Tais work was supported by an AFRC grant to PNRU and IRD

Table 1, T Reduction is dinding of 200M 3y L-glutsaste to Locust
CNY aembdranes in the presence of the falloviag compounds (dpH},

Data frow Centrifugation Data from Filtration
assay sssay

L-glutsnate 100 100
Ivocenace 60-30 90

L-GDEZ

L-GME

D-glutasace 150 70
Chiorprosaziae

L-Quisqualate
ABFA
€1a-2,2-P0A 133 . 125
ArY
. Glu~hydroxasmste

RMDA

Domoate ]23 j1s
Lainate

4-Quisgqualate

Dibhydro-kataoete
~keoto-kainace
L~asparcate
D-asparcace
AMPA
MY T j0-t0 1<10
fetawine
Chlor(soadaniase
Casa
MLY-3869
MLY-0s.4

Fle | Scatenacd sastroly ol L-qlernaate Sinting to locvet
CH wamsranas waing 3 tlltrutien Jsiser.
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Binding of Phencyclidine to a Membrane Fraction fronm Locust
{Schistocerca grgaria) Central Nervous System,

George Usoh, Ian R. Duce and Peter N. R. Usherwood

Department of Zoology, University of Nottinghan, University Park,
Nottingham NG72PD, England.

Phencyclidine (PCP) is a dissociative anaesthetic which 1is
thought to bind to it least two sites in vertebrate central
nervous systenm (CNS) called the PCP site and the sigma site.,
The PCP site is tnought to be associated with glutamate receptor
ion channels and it is at this site that PC¢ is thought non-
competitively to antagonise n-methyl-D-aspartate reponses “, PCP
is also a non-competitive antagonist of the quisqualate sensitive
receptor of locust leg muscle (Usherwood unpublished data). This
compound possesses a number of chemical features which might be
of value in the isolation and purification of glutamate
receptors, both peripheral and central in insectsa, We present
here results which demonstrate high attlnlty binding of PCP 'to
locust CNS membranes.

The heads ot 100 adult locusts were.removed. The supra-
oesophageal and sub~oesophageal ganglla were dissected out and
placed in Tris acetate buffer (5Smii) at 0°9C, The ganglia were
frozen tor | hour at -80°C and then thawed prior to suspension in
120ml of Tris acetate buffer. The material was homogenised and
centrituged tor 20 mins at 70,000 x g. The pellet was resuspended
and filtered to remove coarse material. 'The suspension was
centrituged again and the pellet resuspended in fresh buffer.
This procedure was repeated four times with a freeze/thaw step
atter every two centritugations., The tinal pellet was suspended
in Tris acetate.buffer (50mM) at a concentration of 50 heads per
ml. This material was either used immediately or stored at -80°C
for subsequent use. -

3H phencyclidine(PCPr) (S5SnM) with and without various
‘concentrations ot unlabelled ligands was incubated in a total
volume of 150p1 withéoyl of CNS membrane suspension at 30 %%, At
the end ot the incubation period bound PCP was separated from
unbound PCY by vacuum filtration through GF/B (Whatman) glass
fibre filters. (These tilters were rapidly soaked in butfer
containing 0.2% polyethylene glycol prior to use), The filters
were washed once with 10 mls of 35mM Tris acetate butfer and the
retained radicactivity was determined by liquid scintillation
spectroscopy. Non~specitic bdinding was determined by measuring
the amount of binding retained in the presence ot l0pM
. unilabeiled PCY, Frotein concentration of the membrane preparation
was determined using Peterson's moditication of Lowry's method.

The dinding of PCP reached a maximum atter 40 mins with a time to
half maximal binding (tlf ) of 10 mins., Addition of (lnﬂ) PLr

resulted in complete dissocxation of the bound PCP with a't, o of-
20 mins. The: binding of PCr was highly temperature dependent with
a maximuam at 30 °C, the incubation temperature used in most
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experiments.

Scatchard analysis of PCP binding revealed only one binding site
#ith a Ky ot 11lnM and a By, of 2.6pmol/mg. The pharmacology of
the phencyclidine binding site was examined by deriving ICqg
values tor a number of compounds which have been reported to act
as non-competitive antagonists of glutamate and other receptors
(radle 1),

Several ligands for the glutamate receptor were also examined as
competitors ftor_ PCP binding sites by examining their potency ina
displacing 5nM “HPCP. At concentrations up to luM no displacement
was produced by: L-glutamate, L-aspartate, D-aspartate,
ibotenate, kainate, quisqualate, kanamycin, NMDA, or glycine.

This work was supported by an AFRC grant to PNRU and IRD.
Table 1, Effect of various compounds on 3 pur binding to locust

CNS membranes. Data are presented as ICgg values (PH) required to
displace 5nM PCr.

TCy 0.01
Phencyclidine’ 0.05
TPMP o 0.16
MLYbY /6 1
Argiotoxing,g 1

- Speraine : 25
Xetamine- 125
Chiorisondamine ' 180

. Streptomycin 2000

1.Sonders, M.S5. Keana, J.F,W, and Yeber, E. TINS 11 37-40 (1988),

2. Anis, N, Berry, S5.C. Burton, N.R. and Lodge, V. Br. J.
Pharmacol. 79 565-575 (19Y83).
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CRARACTERISATION or SPECIrFrIC BINDING

SITES ¢ H) -

FOR SAXITOXIN

IN THE

D . CATERPILLAP CNS.

Bernard Verdon, Stuart E, Reynélds and George G Lunt

School of Biological Sciences, University or Bath, Claverton Down, Bath
Ergland BA2 7AY. ‘

Saxitoxin (STX) is a heterocyclic guanidine toxin that binds to the vertebrate
action potential sodium channel and renders it impermeable to scdium ions. It
acts at the same site as tetrodotoxin (TTX)". Sodium channels are thought to
be the principal %arget of DDT and pyrethroid insecticides, perhaps acting at
exposed neuromuscular junctions to promocs reurotransmitter release. This
action of pyrethroids is abolished by TTX . It was therefore of in<erest to
characterise the binding of (*H)=STX %0, an insect nervous system and its
interaction with oyrethroid insecticides. '

Binding experiments utilised simple homogenates of the entire CNS of fifth
instar larvae of %the Zobacco hornworm, Manduca sexta, which were used without
furthar fractioration suspended in 50 mM sodium gEosphate buffer, pH 7.4, Tt a
protein concentration of approx. 0.2 - 0.3 mg ml ~. (*H)-STX (68 Ci mmol™ ")
was from Amersham, 3inding was initiaced by the addition of (*H)=STX to 100
nul aliquots of homogenate, which were kept on ice throughout the experiment.
After the incubation period (15 - 20 min, except for Kinetic experiments)
bound (*H)-STX was separated from the free ligand by rapid dilution and vacuum
filtration on Whatman GF/C filters presocaked in 0.3% polyethylenimine.
Nor.-specific binding was determined in parallel experiments where 1 uM TTX was
included in the buffes. Association kinetics wefe determined by varying the
length of the incubation. Dissociation was followed by determining specific
binding at varying intervals after 100-fold dilution of a pre—equilibrated
aliquot. .

The caterpillar CNS contained high-affinity, saturable (*H)-STX binding sites.
Specific binding was more than 95% of the total. Scatchard analysis was
consistent with a single class of binding sites giving an estimated = 1,53
+ 0.29 nM (mean + SD, 3 experiments) and 8 max = 3.41 + 0.91 pmol per mg
protein. "Hill plots were linear and had slopes close to 1.0 indicating lack
of cooperativity Setween binding sites., Determination of association and
dissociation kinetics revealed that both on - and off - reactions were rapid
(<2 min). Estimation of from kinetic data gave a figure of 0,70 nM, in
reascnable agreement with the Scatchard values. Specifically bound (*H)-STX
was digplaced by TTX with an IC_, = 0.68 nM. No significant displacement of
{*H)-STX binding was observed wheén the CNS homogenates were preticeatad (30
min) with DDT, cypermethrin, deltamethrin, fenpropathrin, permethrin or
tetramethrin, all at 10 uM. It was necessary to include 4% acetone in the
buffer to solubilise these compounds at this concentration. Binding of
{PH)~STX was unaffected in controls that contained 4% acetone alone.
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We conclude that tinding of (*H)-STX to Manduca £NS has similar
characteristics to tha% seen in CNS of vertebrates ! and of the two other
insects ~=h3t have previously been investigated z the locust Locusta
migratoria and the fly DOrosophila melanozagter . Thus only one class of
Yincing site was obtserved, wnich had a KD irn <he nanomolar range.

Vertebrates have sodium channels in tissues other than nerve, eg skeletal
muscle. Homogenates of Manduca body wall muscle and of salivary glands did
not bind significant amounts of ('H)-3TX) suggesting that sodium channels are
restricted to the CTHNS. This is in accord with glectrophysiological evidence
that insect muscles do not have scdium charnels’ .

within the CNS, distridutior of ('H)-STX binding sites was uniform. Thus
brain, other ganglia, and connectives all had a similar density of binding
sites. Apparent 3ﬂ1¥ values were 2.295 (brain), 2.36 (gangiia), and 3.10 pmol
per mg protein (conrectives). This density of (*H)-STX binding sites is high
for a crude homogenate, being c:nparagle with that seen in aambrane
preraraticas from marmmalian brain {(eg’). '

Presumatly the (*H)-STX binding site defines a functional sodium channel in
the caterpillar CNS. The lack of direct interference between DDT, pyrethroids
and (*H)=~STX ninding indicates tha% these insecticldes disrupt sodium channel
function at a sita that is distinct from and does not interact with the
{'H)~-37X binding site.
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A MOLECULAR MODELLING APPROACH TO THE UNDERSTANDING
OF PYRETHROID ACTIVITY

Jette R, Byberg and Plemming 3. Jergensen
Department of Chemistry BC, Royal Danish School of Pharmacy,
Universitetsparken 2, DK-2100 Copenhagen, Denmark

, Per D, Klémmensen
‘A/S Cheminova, P.0O. Box 9, DK-7620 Lemvig, Denmark

4

The pyrethréids are highly wvaluable insecticides as they combine
high insecticid ac:ivity with low mammalian toxicity, Nearly
all ¢f the compounds contain chiral centers and in most cases
onl, one of the stereoisomers are active, thus indicaﬁing a

receptor-mediated mechanism of action.

In order to identify the essential conformation(s) uf the active
molecules, nine potent and structurally different type I
pyrethroids have been selected for analysis. For these uompounds
the three-dfmensional arrangement of the ‘qroups essential for
biological activity (a pharmacophore model) has been identified
for the acid and alcohol nmoieties, respeétively, and the active
conformation of the acid and alcohol moieties deduced.l

For each of the esters the acid and alcohol moieties in their
active conformations were combined to the original esters and
the complete molecules evaluated, Subsequent energy minimization
combined with qeometric&l overl@ppinq of relevant low energy
conformatiéns, yielded three possible active conformations for
@ach pyrethroid ester. The three pharmacophore modaels thus
obtained turned out to be equally reasonable.
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Below the three possible active conforma-ione are illustrated

for one of the nine pyrethroids,

The differant confcrmaticns of the pyrethroid esters have been
evaiuated by differsnt computational approaches and by comparison
with experimentally determined molecular structures extracted
frem the Cambridge Structural Da%tabase, Finally, conformations
of other known pyre<hroi1d comgounds (ac*ive as well as inactive)
have been compared witii *he threa pharmaccpheore models in order

|

to dis%tinguish he*ween these models,.

Darermination of the essen*ial c3nformation for tuae active
molscules may help one o i1nfer the conplimentary feitures of
the receptor and hopefully be useful in the design of novel

pyrethroids.

l. .Byberg, J.R., Jorgensen, F.5. and X.emmensen, P.D., J. Comp.~-

Ald, Mol, Des. 1387 1 xax-xxx.



THE USE OF MICROCOMFUTER BASED DATA LOGGING AND ANALYSIS
SYSTEMS IN NEUROTOXICOLOGICAL STUDIES OF FESTICIDE ACTION

Raymond Crichton, Richard Greenwocod, Hartyn G. Ford and David
“a 'SAlt.‘ ' .

Schaol ot - Biological Séxcncci._ Fortsmouth Folytechnic,
Portsmouth, England POL 2DV '
* Department of Mathematics and Statistics.

INTRODUCTION N

In studies of the action of neurotoxic materials, a number
of properties of the nerve are affected, producing changes in
the behaviour of the nerve. An array of symptoms, including
changes in frequency, shape and pattern of firing of action
potentials (APs) may be observed. These responses may vary
with concentration of the applied toxicant, and the elapsed
time following application of the poison.

The length of an experiment can vary from. minutes to
hours. The amount of (nformation gathered in an analogue
recording may be considerable, especially where long elapsed
times are involved. . Using conventional recording technigues,
‘such as pen and UV recorders, it becomes an encrmous .and
dauntihq task to analyse and measure responses of interest.
The use of computers to. log &nd analyse these data makes {t
possible to summarise the results of even long experiments,
and facilitates the analysis of trends in the data.

In pyrethroid poisoned nerves, a number of changes in
activity may occur?t, These may be observed in {sclated nerve
preparations, where the dose of pesticide 1is applied in the
bathing medium, or in whole {nsect preparatiocns, where it may
be spplied tepically or by injection. In all cases there will
bo.c tfinite elagsed time before the pesticide reaches tlte site
of action in sufficient amount to cause symptoms of poisoning.
Depending on the applied dose, and properties of the test
material, the inftial delay is followed by & change, usually
an increase, in frequency of AP3. This may be followed in
turn by bursting of APas and/or eventually nerve block. We
report a computer based methad which entables the course of
poisoning by neurotoxicants such as pyrethroids to be followed
routinely. The approach shows pronise for use {(n both
fundemental studies, and laboratory screening of novel
materials, ‘ '
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KEY TBET = time (ms) bDetwean action potentials (APs)i PFALL =
mean fall time (ms) of APe; RISE =« mean rise time (us) of APs;

AMP = ‘mean amplitude (mV) of APs: CPB = numbder of APs per bin.

The verticsl, droken line indicates the time of sapplication of

pesticide.

rigure 1. ' A summary of the time course of pyrethroid
(QSAR2Y) polisoning in an iaoclated, housefly haltere nerve
preparation. In figvre 1a, every fourth bin (0.3%s) was

sampled over 90.267 minutes. In figure 1D, a amall section of
the record in figure la was expancdaead by sampling every bin
(0.%8) over 5.983 minutes.
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changes in transmembrd
potential in nerve cells, time is considered as
discrete intervals (bins)., The number of APs
user defined threshold voltage in each bin {s cou
amplitudes, rise times, and fall times of AFs

In order to data log

ine electrical
a series of
wvhich exceed a
snted, and the
summed within

each bin. From these data, the average amplitu
fall time, and time between APs is calculated

' Using this approach, nevrcphysioloqical data ca
over long periods (figure 1),

An application which illustrates the wutilit
‘logging technique is described below. The resu
in figure | were obtained from neurophysiologi
made following exposure of an isolated, predcmin
housefly haltere nerve prejaration3:3 to a
suspension of a rapidly acting oyrethro
(4-methylsulphonylbenzyl=({RS)~trans~3-(2,2=dich
~d.methylcyclopropanecarboxylate), in insect
course of events, as described earlier, common
pyrethroid poisoned nerves, was seen with
However, data logging revealed an unusual feat
elapsed times, Over the first five minutes follo
there was a reduction in the fregquency of APs.
of poisoning proceeded, a more typical res
develuped, with an increasing frequency of APs
variation in numbers of APs per bin, mean ampli
rise and fall times. The increasing variation m
recruitment of neurones as pesticide distribu
within the preparation.

e, rise time,
or each bin.
be monitored

. of this data
ts summarised
al recordings
ntly sensory,

10-" molar
d,. QSAR2S
wrovinyl)=2,2
Ringer. The
y observed in
his compound.
re at early
ing exposure,
Aa the course
onse pattern
nd increasing
ude, and mean
y reflect the
ion proceeded

This technique may be useful in studying the
relationship between pharmacokinetics and the course of
neurotoxic symptoms {n whole animals. More impaftantly. it is

potentially useful for the automatic screenin

insecticides on isclated preparations, and

whole insects. :

1. Gammon, D.W., Brown, “H.A., Casica, J.
.Biochem., Physiol. 1981 13 181-191

2. Sandeman, D.C., Markl, H. J. enp. Biol.

3. Burt, P,E., Goodechild, R.E. Rdthamst-
Research Btation Report 19681, pp. 127-128
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TCXICITY AND DISTRIBUTION OF AVERMECTIN B, IN LARVAE OF
SPODOPTERA LITTORALIS AND HELIOTHIS ARMIGERA
(LEPIDOPTERA: NOCTUIDAE).

Paul T, Christie and Denis J. Wright.

Department of Pure and Applied Biology, Imperial College
Silwood Park, Ascot, Berkshire, U,K. SLS 7PY.

The toxicity of avermectin B1 {AVM) has been shown to differ
considerably aﬁong lepidopteral. In tlre present studx,rmarked
changes in the relative toxicity of topically-applied AVM (ng/mg)
weré also found to occur between the second and sixth larval

instars of Spodoptera littoralis. The activity of AVM decreased

with increasing larval instar up to the fifth instar but
increased 386 fold in the sixth instar. 'In contrast, the toxicity
of AVM decreased slightly from the fifth to the sixth larval

instar of Heliothis armigera.

The toxicity of AVM against fifth but not sixth larval instars

of S.littoralis was considerably increased by injection of the

pesticide or by additional treatment of the la;vag with the
‘m;xed function oxidase (MFO) inhibitor.yipéronyl butoxide (PB).
PB had no significant effect on the toiicity of AVM against the
fifth larval instar of H.armigera.

Concurrent work has related radiocactivity in.the nervous system

of S.littoralis and H.armiéera larvae, following topical

application of 3H-AVM, with symptoms of poiscning.
The results suggest that the relative insensitivity of the

fifth compared with the sixth larval instar of S.littoralis to

AVM may be accounted for in terms of reduced penetration and
enhanced metabolism. Studies on the action of AVM on the nervous

system of S.littoralis and H,armigera are in progresas.

1. Anderson, T.E., Babu, J.R., Dybas, R.A. and Mehta, H. J.

= ~-==% 108K 74 197.201.



PYRETHROID-INDUCED ALTERATIONS IN MAMMALIAN SYNAPTIC FUNCTION
Janis T. Eells

Department of Pharmacology and Toxicology, Medical College of
Wisconsin, Mjlwaukee, WI 53226 U.S.A

The synthetic pyrethroids are potent and widely used neurotoxic insecticides.

- These agents have been divided into two major classes on the basis of their structures
and neurophysiological actions.! Pyrethroids containing an «-cyano substituent
have been classified as type 11 pyrethroids. In insect nerve preparations, type 11
pyrethroids have been shown to depolarize presynaptic nerve terminals resulting in an
increase in_ spontaneous neurotransmitter release and a blockade of symaptic
transmission. We have recently shown that type II pyrethroids increase spontaneous
neurotransmitter release 1in mammalian brain slices. The purpose of this
investigation was to determine the action of type II pyrethro1ds on nerve membrane
potential and synaptic transmission in mammalian bratn.

The accumulation of 3H-tetraphenylph05phonium (TPP) was wused to estimate
membrane potential in rat forebrain synaptosomes. The type II pyrethroid, deltamethrin
(CM)  enhanced membrane depolarization induced by sodium channel activation
(veratridine, 30 wM) or by increasing extracellular potassium concentration (20 mM).

"The enhancement of veratridine-dependent depolarization by DM was further shown. to be
concentration dependent (10 nM-10 uM) and tetrodotoxin sensitive. DM had no effect
on membrane potential in the absence of a depolarizing stimulus indicating that

pyrethroids do not depolarize mammalian synaptosomal membranes at resting membrane

potential. These data support the hypothesis that pyrethroids stabilize the activated
voltage sensitive sodium channel in an open conformation prolonging sodium conductance
and increasing membrane depolarization.

The actions of DM on synaptic transmission were studied in slices of guinea pig
olfactory cortex. Field potentials were recorded from the surface of the prepyriform
cortex in response to stimulation of the lateral olfactory tract (LOT) with single or
paired electrical pulsas. The evoked potential (EP) consisted of a negative wave (1-3
mV amplitude, 4-6 msec latency) which primarily reflects excitatory postsynaptic
potentials arising from superfictal synapses activated by LOT fibers. OM significantly
depressed the EP amplitude at Jow ‘stimulation intensities (1-5 V). As stimulus
intensity was increased (S5-20 V), the response in pyrethroid-treated preparations
fncreased to the same maximal response seen in controls indicating that OM elevated the
stimulus threshold required to elicit 'a maximal response. When paired-pulse
stimulation (20-100 msec interpulse . interval) was employed, DM produced a
frequency-dependent paired-pulse inhibition. The EP ratio (test EP/conditioning EP)
after exposure to DM (10 uM) did not exceed 1.0 and was profoundly depressed at 20

~and 40 msec intervals (0.44 and 0.69, respectively). In contrast, paired pulse '

facilitation was observed in control preparations with EP ratios between 1.1 - 1.25.

These data demonstrate that deltamethrin reduces the synaptic input from the LOT to the
cortical neurons. In non-mammalian nerve preparations, type II pyrethroids have been
shown to depolarize the nerve membrane resultin% in an inhibition of evoked activity
and 'a frequency- dependent conduction block.! Qur data provide evidence that type

IT pyrethroids exert a similar action in the mammalian CNS (Supported by NIH-BRSG

Investigator Award and NIH ES-01985).

Narahashi, T. Neurotoxicol. 1985, §: 3-32.

Salgado, V.L., Irving, S.N., Miller, T.A. Pest. Biochem. Physlo. 1983, 2Q:
100~114. : .

Eells, J.T. and Dubocovich, M.L. Pestic. Sci. 1985, 16: 439-440. -
Eells, J.T. and Dubocovich, M.L. J. Pharmacol. Exp. Ther. 1988, (in press).
Vijverberg, H.P.M. and de Weille, J.R. Neurotoxicol. 1985, §: 23-34.
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TIMF-DEPENDENT INHIBITORS OF ACETYLCHOLINESTERASE

Derek Gammon®, Robert M. Kral, Donald A. Shaw,

FMC Corporation, Agricultural Chemicals Group, P.0.Box 8

Princeton, N.J. £8%43, USA

A novel class of mechanism-based inhibitors of acetylcholinesterase

w#ill now be descrived. These compounds‘demonstraté rapid inhibition of

the enzyme in vitro in which loss of activity is first order.

Kinetic data suggsest that the inhibitor is inﬁeracting Qith the enzyme '
at the active site. In vitro activity is comparable to the standards
carbofuran and paraoxon. In vivo testing on electrode implanted
cockroaches shows that these comp&unds inducevrepetitive Ti~ing

which i3 characteristic of AChE inhibition.



NEUROPHARMACOLOGICAL ACTIONS OF MLV-COMPQUNDS
IN INVERTEBRATES AND VERTEBRATES

Y. GOTO, M. ISHIDA and H. SHINOZAKI

The Tokyo Metropolitan Institute of Medical Science, Tokyo 113, Japan

© MLV-6976 (NC-1200) and MLV-5360 possess some interesting neuropharmaco;
logical actions in the crustacean neuromuscular junction and the mammalian
CNS. One of the most striking actions of MLV-6976 was a potent inhibitors)
action on the mammalian CNS (Masaki and Shinozaki, Br. J. Pharmacol., (1986},
89, 219-228}, tcgeéther with glutamate blocking actions. In order to clarify
the mode of actions of centrally acting drugs, the~_cra\‘/ﬁsh' NMJ has been
relatively widelv used ‘because the junction provides an exceilent model for

studying the mechanism of action of drugs on synaptic transmission (Shinozaki,

Prog. Neurobiof.,{1980), 13, 121-155). We report here on some neuropharmaco- _'

!og’ical actions or MLV-6976 and its derivatives comparing their; actions in
the invertebrates with those in the vertebr;ates.
(1) Clutamate inhibitory actions of MLV-6976 b): open channel block of the
“élutamate-—gated channel at the érayfish NMJ: Ml;V—6976 reduced the amplitude

of the glutamate response at the crayfish NMJ, but MLV-6976 was weaker than

. o)
OH o—t
| ©/‘\§:/\/N: No~N
MLV 5860 MLV 6976
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MLV-5860 comparing the effective concentration on 3 molar basis. MLYV-6976
(30 uM) decreased the repetitive synaptic current induced by iontophoretic

glutamate pulses to about one third of its.control amplitude within 2 min.

This blocking action of MLV-6976 on the glutamate response was use dependent,
suggesting that the action of MLV-6976 is explained by open channel block of
the glutamate-gated channel} at the crayfish NMJ.

(2) Glutamate blocking a’btions of MLV-6976 in the new-born rat spinal cord:
When depolarizing responses to excitatory amino acids were extracellularly
recorded from the new-borrij’rat spinal cord ventral roots, responses to
glutamate, NMDA, kainic aciid and quisqualic acid were almost equally
depressed by MLV-56976 (0.;3 mM}, suggesting that MLV-6976 did not block the

responses of excitatory amit:wo acids mediated by the specific glutamate

receptor subtype. MLV-GQ}G also decreased the amplitude of the ACh response,
but r~sponses to glutamate ;!were much more affected by MLV-6976 than the ACh '
response. Responses to Sujbstance P was markedly reduced by MLV-6976, but
actions of inhibitory transm}itters such as GABA and giycine were not affected

by the drug.

I
‘
i
! -

{3) Depression of rat decerebrate rigidity: Ml;V-6976 markedly decreased
the severity of rat anemic decerebrate rigidity (Masaki and Shinozaki, Br. J.
Pharmacol., (1986), 82, 52?~531). When kynurenate, ketamine, MLV-6976, MK-
801, CPP and APH were iniravenously administered to decerebrate rats, they
reduced the severity of de«:j:erebrate rigidity in a dose dependent manner,
althou'c_;;hm theré'was a Iarge?variance in effective doses among them. At the
present, there has been nd evidence that the glutamate antagonist is directly

related to the relief of decerebrate rigidity, however, these results provide

a key to elucidation of the glutamate function in the mammalian CNS.
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STEREOCHEMICAL ASPECTS OF GLUTAMIC ACID RECEPTOR AGONISTS

Jan J. Hansen, Birgitte Nielsen, Annemarie Reinhardt, Lotte Brehm
and Povl Krogsgaard-lLarsen

Department of Chemistry 8C, The Royal Danish School of Pharmacy,
2 Universitetsparken, DK-2100 Copenhagen, Denmark

($)-Glutamic acid (L-Glu) and possibly also (S)-aspartic. acid (L-Asp)
appear to be excitatory transmitters in the mammalian central nervous
system (CNS).IThe existence of at least three receptor classes for ex-
citatory amino acids in the CNS is fairly well established from electro-
pnysiological in vive studies and 7in vitro binding experiments. The three
receptor classes, which eventually may be further subclassified, are
termed NMDA, QUIS/AMPA and KAIN receptors. These receptors have different
pharmacological profiles and seem to have different functions, membrane
characteristics and localizations in the CNS. The QUIS/AMPA receptor and
the NMDA receptor appear to be postsynaptic receptorsvparticipating in
monosynaptic and polysynaptic transmission, respeétively. Little is known
about the physiological function of the KAIN receptor. The NMDA receptor
shows a limited sfereose]ectivity for agonists and readily accepts the
D-form of some'agonists and the L-form of others. In contrast, antagonists
at NMDA receptors are mainly of the D-form. No potent and selective antag-
onists at the QUIS/AMPA receptor are known, bufyagonists at this receptor
are predominantly of the L-form.

) 3
HO Y OH  wo OH
HoN 4 \N HZN / ‘_N

0
- OH
(S1-AMPA {RI-AMPA {S)-Be-H1BO (R)-Br-HIBU

GLU Binding B
{CaClyl{ICgq.pM) 2100 2100 0.2¢ . 0.14
AMPA Binding .

' {1Cgq.pM] 0.030 0.76 . 0.34 22
Neuroexcitation
{Rel. potency) +++++ — + 4+ (4 + + 4+ + -+
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[botenic acid is a constituent of fly agaric, Amanita muscaria, and shows
potent excitatory effects. Ibotenic acid mainly acts at NMDA receptors but
also shows some affinity to QUIS/AMPA and KAIN receptors. By using ibo-
tenic acid as a lead structure we have, however, developed a number of
isoxazole amino acids with potent as well as selective excitatory actions
at QUIS/AMPA and at NMDA receptors. These compounds were prepared by
multi-step synthetic procedures as racemic compounds and have provided
information about the structural and conformational requirements for acti-
vation of subtypes of central L-Glu receptorsl. However, such structure
activity studies of racemic compounds are of limited value unless followed
by studies of the individual sterecisomers. We have therefore engaged in a
systematic characterization of the enantiomers of isoxazole amino acids as
obtained by resolution using enzymatic and chromatographic procedures. The
. isoxazole amino acids, (RS)-a-amino-3-hydroxy-5-methyl-4-isoxazolenropi-
onic acid (AMPA) and (RS)-a-amino-4-broho-3-hydroxy-5~isoxazo1epropionic
acid (4-bromohomoibotenic ac:d, Br-HIBO), are potent and selective
agonists at QUIS/AMPA receptors in vivo and in vitro without effect on
NMDA receptors in vivo and KAIN receptors in vitro. The enantiomers of
these two compounds have been prepared by enzymatic resolution2*3 and show
optical ourities in excess of 99.5 % as determined by HPLC on a chiral
stationary phase. The absolute configurations are based on the generally
acceptad stereoseléctivity of the enzymes but has in the case of Br-HIBO
been confirmed by X-ray crystallography. For both AMPA and Br-HIBO the
excitatory effect mainly resides with the _(S)-enantiomers (Figure).
Similarly, the inhibitory effect on 3-AMPA” binding is predominantly
caused by the (S)-forms of these compounds. However, the effects on CaCl;
dependent 34-L-G1y binding are different for the two compounds. In con-
trast to the (S)- and (R)-forms of AMPA, which are inactive, the enantio-
.mers of Br-HIBO are (equi)potent inhibitors in this binding assay. These
stereostructure activity studies are preseﬁtly being extended to cther
isoxgzole amino acids.

1. Hansen, J.J., Madsen, Y., Nielsen g.ﬂ,, Nielsen, B., Brehm, L. and
Krogsgaardear en, P. in "New Methods in ?rug Research™, Vol, 3.
Mg riyannis, A., ed.), Prous Science Publiishers, Barcelona, Spain,

388, n press.

2. Hansen, J.J., Lauridsen, J., Nielsen, E.@. and Krogsgaard-Larsen,
Bansgn i dad neait 19857 2 g0} i505°™ B9 9sd

3. Nielsen, B., Hansen, J.J., Brehm, L., Nielsen, E. @., Krogsgaard-
-Larsen, P. and Curtis, D'R., manuscript in preparation.
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NEW POTZNT USE-CEPENDENT GLUTAMATE BLOCKERS AT THE CRAYFISH
NEURCMUSCULAR JUNCTICN.

K. Hashimoto, H. Takeda, M. Masaki, and H. Shingczaki*
Research Laboratories of Nippon Chemiphar Co. Ltd., 1-22-1, Hikokawato,

Misato-shi, Saitama 341, and *The Tokyo Metrcpelitan Institute of

Medical Scierce, 3-18-22, Honkomé.gome,, Bunkyc-ku, Tekyo 113, Japan.

MLV-5860 (1) and MLV-6976 (2) are trimethylenediamine cerivatives
which have been proved toc poss'ess a use-dependerit glutamate blocking
action in vertebrates and invertebrates (Shinozaki and Ishida, Brain
fesearch, 372 (19886) 266—268; Masaki and Sninozaki, Brit. J. Pharmacol.,

89 (1986) 219-228). . In the present paper we describe the result of the

examination cn the structure-activity relaticnship of these compounds at

the crayfish neurcmuscular junction.
Most derivati\(és of MLV-5860 and MLV-6976, including some

derivatives with functional groups such as ethoxycarbonyl, cyano and ‘

acetyl groups, did riot demonstrate a more potent irhibitory activity

than the lead compound, MLV-5860, cn the glutamte response at the
crayfish neuromscular Jjunction. However, the dehydroxyiated der‘iva’tive
of MLV-5860 (3) cemcnstrated a powerful inhibitory action and its
pétency to block lthe glutamate response was almost equivalent to that of
MLV-5860.. These results suggest that the f\mctioﬁal groupsl may not
function to augnentl the glutamate blocking activity. On the basis Qf
the result we obtained some potent blockers, mcdifying the skeletcne of
the compound (3). One of the most potent compounds is 1-[3-[4-methyl-1-

(3-methylbutyl)pentylamino] propyl]piperidine ( 4 ).
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EFFECTS OF MLV-5860 AND MLV-6976 CN GLUTAMATE POTENTIALS
AND GLUTAMATE UPTAXE IN LOCUST MUSCLE
Henk Karst. Albert Lind, Jan van Warle , Tom Piek, Haruhiko
Shinozaki® and Janneke van Heeren-Kramer.

Departoents of Pharmacology and Electro: axcroscopy . Lniversity of
Aasterdan, Meibergdreef 15, 1105 AZ Aosterdam, The Netherlands,

and the .Tokyo Metropolitan Inst. of Med.Sc., Bunkyo-ku, Tokyo
113, Japan. ' ‘

Recently, as a result of screening a nusber of glutamate blockers '
the oxazolidinones MLV- 5860 and MLV-6976 were found to reduce
rigidity of decersbrate rats . MLV-5860 wag also found to be an
‘inhxbitor at the crayfish neurosuscular junction .’.. MLV-3360
(2 = 10"M) reduced the aaplitude of repetitively=-induced
glutamate potentiai:c ‘n g time- and activity-dependent lanner'.

We have tested both toxins on the excitatory neurnmuscular
iynaps of the locust (Schistocerca greogaria) skeletal muscle at
two different ;ays- (1) studying the iontophoraetically evoked
31utamate potential, using nuscles prvtronted by concanavalin A (2
x 10~ M). and (2) using EM-autoradiography to study the high
affinity glutamate uptake . '

At a concentration of 1.3-2.7 x 10'.H MLY+5860 reversibly
Slocks glutamate potentials to A strady state level of about
50-10% respectively (Fig 1). The sﬁnﬂd of rﬂvers'bility is higher
than with 4-PTX and :nrh hxgher than with the spider toxins (thiq
meeting). At a concentration 6f § x 10 M MLV-6976 revnrsibly
blocks glutamate potentials to a steady state level of about KO3

"(Fig.i). At a high ébncentracion of 200 uM both MLV-coapounds did
not change the glutamate uptake by tsrainal axcns or glial cells,
References

1. Masaki, M.and Shinozaki, H., Br.J.Fharmacol, 1986, 39, 219-238.
2. Masaki, M., ¥sritoh, N., Hashimoto, K. and Shinczaki, H.
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Fig. 1- Effects of MLY-5360, 2.7 x 107 ¥ (A) and 1.3 x 107 ¥ (3-D)
and MLV-£376h, 5.2 x IO"N {E-H) on giutazate potentials cf locust
muscle fibres pratreated with 2 x 10".‘1 con A, Exponential decay
has comparable tirze constants {n control and after additicn of the
toxins (D and H). Arr-ws in A and E {ndicate the presence of the

toxin in the hathing saline,



NEURCTOXIC ACTIONS OF A LIPID AMIDE ON THE CCCKROACH NERVE CORD AND ON LOCUST
SOMATA MAINTAINED IN SHORT-TERM CULTURE: A NOVEL PREPARATION FOR THE STUDY OF

Na CHANNEL PHARMACOLOGY.
George Lees and Paul E, Burt
Pesticide Research Deparctment, The Wellcome Foundation Ltd, Berkhamsted, Herts, UK.

In previous invescigations of the neurotoxic action of lipid amides‘ the
occurrence of large, TTX-sensitive, depolarising afcer-pocentials folloving
axonic spikes suggested an action on sodium gates in neurcnes, In subsequent
experiments, again with mannitol-gapped whole cockroich abdominal nerve cords,
potassium conductances vere suppressed by perfusion with cockroach saline contain~
ing 25aM JTEA chloride, 10mM 4-AP and J.ImM CsCl, Eleccrical stimulation
resulted in an action potential folloved dy a short (40-80 ms) depolarizing
after-potential associated with & brief after discharge,

When the lipid amide (2%,4E)~N-isobutyl=-it, li-difluoro-undecs-2,4,10~-
trienamide (I)was added to the perfusate at 10uM, large and prolonged (1.5-2.5 sec)
depolarising aftec-potentials ware superimposed, The compound action potential
and lipid amide induced after-potentials wers almost completely suppressed by
10uM TTX. These observations suggest that lipid amides modify axonal excitabilicy.
by an exclusive action ot sodium currents, Intracellular recording from uniden-
tified axons in the desheathed nerve cord of Periplaneca americara were used to
confira and extend the above observations. Again, K conductances vere suppressed
(o increase axonal input resistance and facilitate effective intracellular
stimulation)., (1) produced a sequence of dose and time-dependent effects in these
ce'ls starting vith prolongation of spikes, depolarising after-potentials and
repetitive firing and proceeding to compiete conduction block, Spike-suppression
developed slowvly and vas associsted with pronounced axonsl depolarisation, Action
potentials wich markedly modified kinetics could be restored by repolarising
the axons with direct current. ‘

Tor more detailed mechanistic studies mechanically dissociated neuroral
sozata frow the thoracic ganglis of Schistocerca grezaria vere used, Details
of tissue preparation have been given elsewhere and when maintained in vitro for
8~-10 hours such cells have been used to study GABA recsptor pharmacology . How-
ever, vary fev (<10%) freshly isolated somata will Produce all-or-none sction
potentials in response to current injection., Responses to depolarising (or
"anode=dreak”) stimuli most commonly observed are damped oscillations or varying
amounts of outward rectification. By maincaining these axctomised neurones in
vitro for longer than 24 hours their excitable characteristics can be markedly
modified. Cells were incubated either in suspension, or after plating onto
plastic petri-dishes, in 185nM NaCl, S5mM KCl, 2mM CaCl,, |0mM Hepes, pH 7.0
supplemented with 100 ug/ml streptomycin and 100 U/ml®penicillia, Neuronal
survival and morphological presarvation were increased further by the use of
insect- neuronal tissue culture media”, After 26 hours more than 851 of neurones
impaled could be stizulated to produce fase, cvg;shooting action potentials
which wera rapidly and completely dlocked by 10 'M (Fig 1). Damage potentials
and spontanecus firing vhere often encountered. 10 "M deltamethrin evoked rapid
and large depolarisations (accompanied by 8 reduction in cellular input
resistance) in these modified spiking somata. These effects were blocked by TIX
and were not observed in freshly prepared "silent” neurones. (1), applied at
SpM, evoked qualitatively similar changes in the excitable properties of these
somata to those reported -for the axonsl prepsrstions (Fig !). After treatment
with 0.5 mg/m] collagensse (10 minutes) and thorough washing whcle cell patch
recordings were obtained., Cells were voltage clamped using this technigue and
perfused with intracellular CsCl. (I) (5uM) slowed de-sctivation of Na currents -
during a step depolarisation within 30 s of {ts application. After 10 minutes
exposure iarge slowly-decaying tail currencs vere evident, peak evoked cuyrent
was suppressed and negative shifts (5-!5 aV) were apparent in the peak Na
conductance-voltage curve.




Conclusions:

A. Maintenance of axotomised insect socmata in vitro for 24 hours resules
in the develcpment of Na -nediated elecirogenesis. Na cutrents can be modified
ia characteristic fashion by deltanethrin and TTX and can be studied using
patch clazp techniques.

B. The lipid amides produce "pyrethroid~like” symptomology in multifibre
preparations, single axons and voltage-clamped cell bodies which are consistent
with their proposed actions on voltage dependent Na channels,

1. Blade, R.J., Burt, P.E., Hart, R.J. and Moss, M.V.D. Pestic. Sci. 198§,
16 554,

2. Lees, G., Beadle, D.J., Neumann, R. and Benson, J.A. Brain Res, 1987,
401 267-278, '

3. Beadle, D.J. and lees, C. 1985 Neuropharmacol. and Pesticide Aczion =
Ellis Horwood, 423-444,

Figure 1. The actions of lipid amide (I) on a locust neuronal cell body
which had been maintaired in culture for 36 hours to induce spiking. Upper
and lower traces represent transscesbrane voltage and stimulus current
respectively. Caiibration: 20 aV, 50 =s (insec: 20 av, 800 ms).

a. Control action potential profile.

- b. One minute after application of (I) at SuM a depolarising after
potential is evident.

c. 2.5 minutes after application the evoked action potential is succeeced
by a burst of spikes and a pronounced depolarizing after potential
exceeding 3 s in duration (Inset). . :

d. After 4 minutes exposure o the lipid amide, TIX at O.!uM completely
abolished these electrogenic responses. The toxin also blocks siowly
develcping depoiarisations caused bv prolonged exposure to high
concentrations of (1).



TRIOXABICYCLOOCTANES: NEW ORDER OF POTENCY AND TWO TYPES CF ACTION
Christopher J. Palmer, Loretta M. Cole and John E. Casida

Pesticide Chenistry and Toxicology Laboratory, Department of Entomological
Sciences, University of California, Berkeley, California, 94720, U.S.A.

l,A-Disubst;tuted-Z,6,7-crioxabicyclo[2.2.2]octanes are a new class ‘of insec-
ticidesl 2 acting as GABA, receptor ancagoﬁlscs.j Further structural modifications
have led to a new order of potency at both the organismal and tecep;r.or levels.
Trioxabicyclooctanes and other cage convulsants that block the GABA-gated chloride
channel appear c§ fall i{nto two groups with different types of action. On
comparing compounds of equall toxicity to mice, one group is at least 30-fold
more potent than the other in i\nhibiti;\g (355];‘buty.}.bicyclophosphoro:hionate

binding and GABA-stimulated chloride uptake in brafn’ membrane preparations.

1. Palmer, C.J., Casida, J. E. J. Agric. Food Chem. 1985 33 976-980.

2. Palmer, C.J., Casida, J. E. Amer. Chem. Soc. Symp. Ser. 1987 356 71-.82.

-

3. Casida, J. E., Palmer, C.J., Cole, L. M. Mol. Pharmacol. 1985 28 246-253.
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EFFECTS OF SUBACUTE INTOXICATION WITH THIURAM ON
BIOELECTRICAL ACTIVITY OF THE RABBIT'S BRAIN '

Slawomir Rump, Marek Xowalczyk and Halqoriata Jakubiak

Department of Pharmacology, Military Institute of Hyglene
and Epidemiology, 01-163 Warsaw, Poland.

Carbamates are well krnown £for their broad biological
activiﬁy, many of them are used as Knsectic{des and fungi-
ci@es. The;z acyte toxicity involves hyperstinmulation of the
autonomic nervous System and of centrél bholinérqic func~
tions. However, it has been shown that tﬁey inhibit alsb

binding to GABA, opiate and muscarinic receptors in the

_brain , increass cerebral blood flow and decrease cerebral

oxygen consumption‘, and depress Na,K-ATPase activltyj.
Present study wasiperformed in crder to elucidate the
effects of pépular fungicide of ca:bama}eiqroup, Thiuzam
(Bis-/dimethyl-thiocarbamyldisulfide/; TQ?D) on bioelectzi-v
cal activity of the bra‘n after repeated admlnistration.“
Experiments were carried out on conscious male rabbits
Qith chronically implanted electrocdes into motor-sensory

cortex (MSC) and dorsal hippocampus (Hip). Bloelectrical ac-

_tivify was registered on Grass Model 78 Polygraph and stored

on Thermionic Racal 4FM Tape Recorder. Data evaluation was

performed on 1B3M PC/AT machine b»y means of Fast Fourier

Transform as was described elsawhered. Thiuram dissolved in

‘methylcelulose was given perorally during 15 days in a dose

of 25 mg/kg (1/20 LD--) daily. .
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It was found that administration of Thiuram resulted in
MSC within 5 4ays in an increase of the whole power spectrum
of activity (especially of fést activitiess. After 10 days a
decrease of beta activity and an increase of slow activity
was observed. After 15 days a further‘deczease of beta and
alpha activities and an increase of delta activity was seen.

After 5 days in'Hip only 5 c/s activity was increased.
However, after 10 days power spectra of the whole analyzed
record were increased (especially of fast actiﬁities, but
3150'55 1 c/s activity). After 15 days powéz spectrum in Hip
was similar to that seen in MSC.

These results suggest that Thiuram besides of choliner-
gié stimulation (increase of fast activity especially clear
seen aftez.5 dayQ of intoxication), resulted in signs bf
brain tissue damage (increase of ;1ow qctivity, especlally

delta activity). Both effects were seen in-MSC prior to MsC.
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Mode of action of 1-phenvicarbamovl-2-pvrazoline insecticides. Vincent L. Salgado, Rohm and
Haas Company, 727 Norristown Road, Spring House, PA, 19477, USA

Though the outstanding insecticidal activity of 1-phenylcarbamoy!-2-pyrazolines has been
known since at least 1975, there have been no data published on their mode of action. 1 will report
data showing that these compounds paralyze insects by a voltage-dependent suppression of sodium
current. ‘

After injection of RH-421 (fig. 1) into the thorax of a cockroach (Periplaneta americana),
there is a dose-dependent delay (6 hr at 0.5 ug, the LD<g; 20 min at 5.0 pg), followed by an initial
period of hyperactivity and uncoordination, then prostration. While poisoned insects are prostrate,
their legs kick as if trying to establish tarsal contact, and after a few seconds of kicking, all of the
legs go into vioient synchronous tremors lasting several seconds. This kick-tremor cycle repeats for
an hour or so, after which time the prostrate roaches become very quiet, not moving for hours if left
alone, but still able to perform a kick-tremor cycle if disturbed. The prostrate roaches persist in this
state of volatile paralysis for four to six days, then gradually die. The symptbms produced hy
RH-421 are typical of all pyrazolines examined so far. , ‘

Although the convulsive tremors produced by RH-421 in cockroaches are striking, there is no
evidence that the compound has an excitatory action at the cellular level, and, in fact, the only
physiological effect [ have found is a profound inhibition of activity in sensory nerves and in the
central nervous system. Afferent activity in the crural nerve, the cerci and the abdominal stretch
receptors was severely depressed or blocked in roaches prostrated by RH-421, as was activity in the
meso-metathoricic connectives. Also, housefly larvae prostrated by topical treatment with RH-421
showed greatly depressed afferent activity in the segmental nerves. Further observations on roaches
prostrated by RH-421 showed that restraining the legs in any way, or just providing tarsal contact,
prevents the convulsive tremors. Taken together, rhese observations indicate that the paralysis,
caused by pyrazolines is due to block of activity in sensory nerves and in the central nervous system,
while the convulsions may be a secondary effect, due to the overcompensation of some units for the
decreased activity of others. ‘ '

Block of sensory activity by RH-421, RH-529 (fig. 1) and a number of other pyrazolines was
further assessed on several in vitro sensory preparations. When applied topically to a cockroach
cercus, as little as 0.2 ng of RH-421 depressed cercal nerve activity noiceably, while 10 ng
depressed the activity by 50% within 1 hour. Manduca sex:a stretch receptors were blocked by 60
nM RH-421 within 30 minutes, while the cockroach and crayfish (Procambarus clarki) receptors
required at least 2 pM for block.

Furthier studies of the mechanism of block were carried out on the slowly-adapting stretch
receptor of the crayfish, because of its large size, using RH-529, which is more readily reversible
than most pyrazolines. Following treatment of this cell with RH-529, the firing rate gradually
decreased to zero, with no change in amplitude of the extracellularly-recorded axon spike,
suggesting that initiation rather than conduction of the spike was being blocked. This was.supported
by careful intracellular measurements on crayfish giant axons that showed no effect of 50 uM
RH-421 on the action potential. Current clamp experiments on the cell body of the crayfish
slowly-adapting stretch receptor revealed that spike initiation in response to injected current was



-

blocked by RH-529, with no change in resting potential or input resistance, suggesting that the -
sodium current was suppressed by RH-523.

Further experiments were done ‘o determine why RH-529 suppressed the sodium current in
the cell body but not in the axon. Because actively-firing stretch receptors have an average interspike
membrane potential near -60 mV, compared to a resting potential of -90 mV in axons, I examined
the influence of membrane potential on block by RH-529. An actively-firing stretch receptor was
readily blocked by 10 uM RH-529, but when it was hyperpolarized to -80 mV by relief of stretch, it
could, by injection of depolarizing current or application of tension, be made to fire normally for a

. few seconds, until it blocked again. Cpnverscly, a crayfish giant axon in normal van Harreveld
g solution was not affected by 10 uM RH-529, but when its resting potential was reduced to - 74 mV
- by elevation of K*, to 125 mM, its action potential was reversibly blocked by 10 pM RH-529. These
results indicate that the suppression of sodium current by pyrazolines is indeed voltage-dependent,
and this voltage dependence can account for the apparent selective action on sensory nerves.

" The voltage-dependent suppression of sodium current by pyrazolines was confirmed by
, * voitage clamp studies on crayfish giant axons.

1. Maulder, R,, Wellinga, K., van Daalen, J.J. Naturwissenschaftch 1975, 62 531-532

’ Fig. 1. Two pyrazolines used in this study.
. R=CF; RH-421
CH, 'R=H RH=529
COCCH; - .
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INHIBITION OF LIVER MALATE DEHYDROGENASE BY METHYL PARATEION

S.P. Shukla and G. Tripathi -

Department of Zoology; Banaras Hindu University, Varnasi-221005, India

gxposure of a sublethal ceoncentration of methy! barathicn {(MEP),"

an organophosphate pesticide, reduced significantly the activity of
cytoplasmic malate dehydrogenase (cMDH) and mitochondrial malate
dehydrogenase {mMDH) of the liver of a freshwater catfish, Clarias
batra(:hus. Marked ultrastructural changes .were observed in the liver
tissue of the MEP treated fish compared fo the normal liver. Reduc-
tion " in enz_\‘*ma;ic: activity in vivo could be correlated with the
ultrastructural changes of the liver in situ. The i‘l vitro experiments
also demonstrated MEP-mediated reduction in the activity of cMDH
and mMDH of the liverl.

-

1. Tripathi, G. and Shukla, S.P. Biochem. Arch. 1988 (In press).
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SPECIES DIFT:R:NC 3 IN THZ IN VITRO INHIEITICN OF ERAIV ACETYL
" CHOLINESTERASE BY MONOCROTOPHOS

Mohd. K.J. Siddiqui, P. Anjum, M.F. Rahman, S. Sultana, Mohd. M. Ald

Toxicology Unit. Regional Research Laboratory, Hyderabad-300 007
India

ABSTRACT

To develop safe and selective insecticides to avert an ecological
and human hezlth crises the determination of toxic kinetic property
of a chemical is’ utmost important. The target enzyme pesticide
interzction 1s of key significance in evélua;ing bicefficacy and
species specific toxicity of a compound against target and non
target orgznisms. The species differences in ré%ponse to monocro-
tophos (phosphate of ciscrotonamide) of brain acetylcholinesterase
(AChE) = a target of neurotoxicity was assessed by determining the .
in vitro inhibition in rat, mice, chicken and pigeon. Based on
Icsb values, chicken brain AChE was found to be most sensitive .
followed by rat whereas mice and pigeon were almost equally sen-

' sitive to AChE inhibition by MCP. The relative resistance of
these non target otganiéms may be attributed to the physiological
adaptation'to tolerate the toxic abuses of a polluted enviromment.
The Lineweaver - Burk plot constructed to understand the mechanism
of inhibition of rat brain AChE indicated that MCP decreased the
apparent Vmax and increased the Km suggesting a mixed type of
inhibiﬁion of enzyme. The results suggest that although there are
many. common features of Acetylcholinesterase in different species,
there exist some differences in the response to monocrotophos and
may be partly responsible for species differences in the toxicity

- of monocrotophos, .
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PESTICIDA‘L COMPOUNDS FROM' CEDRUS DEODARA

Dwijendra Singh and Santosh K. Agrawal
Entomology Discipline, Central Institute of Medicinal and Aromatic Plants.

Lucknow-226016, India

We have recently found that essentail oil obtained from Himalayan deodar

(Cedrus deodara Roxb. Loud.) is a natural source of fnsecticidal principles

against mosquitoes (Anopheles stephensi List.} under laboratory conditionsl.

This naturally occurring cheapest perfumery agent is also biologically active.

against pulse beetle2 ( Callosobruchus chinensis L. ) and red cotton bug3

(Dysdercus koenigii L.). Different chromatographic fractions of this oil evlua-

ted against pulse beetle and house flies (Musca domestica L.} have led to

the purification of two sesquiterpenes possessihg pesticidal activity viz.
Himachalol (3%) and A-Himachalene (31%) based on essential oil weight3. These
biologically active natural products of plant origin may possibly serve as

a suitable prototypes for development of commercial insecticides.

1. Singh, D., Rao, S.M., Tripathi, A.K. Naturwissenschaften 1984 71 265-66
2. Singh, D. and Rao, S5.M. Indian Perfumer 1985 29 201-4
3. singh, D. and Rao, S.M. Current Science 138655 422-3

4. Singh, D. and Agrawal, S.K. J. Chem. Ecol.{USA} 1987 (In press)
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DELAYED NELRCPATHY OF CYANOFENPHOS AND ITS METHEYL ANALORE IN CHICKENS |
S.A. Soliman, K.A. Osrman, N.S. Abmed, K.S. El-Gendy, and I.E. El-

_ Shennawv*; Laboratory of Environmental Chemistry and Toxicology, Fac-
.ulties of Agriculture and Medicine*, Alexandria University, Alexan-
dria, Egypt ' ,

The delayed neurctoxic effect of the organoghosphorus esters,cyanofen-
ghos, O-ethyl-O-(4-cyanophenyl)phenyl phosgheonothioate, and its methyl
analogue, O-methyl-O-(4~-cyanophenyl)phenylrhosphonothioate, was stud-
ied 'in the chicken. Hens were orally treated by the compounds either
once, or with subsequent daily doses. Scme of the control and treated
hens were sacrificed 24 hrs after the last treatment and their brain
neuropathy target esterase (NTE) was measured. The remaining hens were
used for clinical and histological examinations. Results demonstrated
that methyl-cyanofenphos at a single dose of 200 mg/kg was able to pro-
Cuce delayed peurcpathy in hens. This corpcund was also able to pro-
duce such effect in chickens given 25 mg/kg/day for 13 days. Cyano-
fenchos was also found to be neurotoxic to treated herns, but at some-
what higher doses. The effect was demonstrated by the standard clin-
ical and histological changes and manifested by inhibition of NTE act-
ivity. Hcwever, thz two compounds did not produce neurotoxic effect

in chickens treated daily at 1 mg/kg for 180 days.
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Molecular Blology and Pharmacology of lonic Channels

M. Lazdunski
Centre de Biochimle
Centre Natlonai de la Recherche Scientitique
Parc Valrose, 06034 Nice Cedex
France

The channels which will be discussed include the voltage-sensitive Na+
channel, the vojtage-sensitive Ca2+ channe! and K+ channeis inciuding voltage-
sensitive, ATP-sensitive and Ca2+.sensitive K* channels.

(1) The voitage-sensitive Na* channel s the target of numerous toxins. The
molecular biology of this channel will be briefly described together with the
comparative pharmacoiogical properties of Na* channels from mammailan and
insect nervous system. The biochemica!l icentification of a pyrethroid receptor

¥ill he disrusseds ,

(il) Ca2* channel blockers associate with Insect brain membranes. The unique
pharmacological prope."ﬁes of receptors {or Ca2+ channei blockers in lnsect will
be described together with the jdentification of the protein subunit that is
involved in the very high affinity of association {or compounds In the phenyl-
alkyiamine series such as verapamil and desmethoxyverapamil (D828). Antibodies
that react with another subunits of the Ca2* channe! in mammalian skeletal
muscle, cardiac muscle and the nervous system also cross-treact with a similar
_protein in the insect nervous system.

{llI) Tools which now permit to analyze the properties of voltage-sensitive K+
channels (dendrotoxin and MCD peptide) of Cal+-sensitlve K+ channels (apamin
and charybdotoxin) and of ATP-sensitive K* channels (sulfonylureas) wili be
described together with the structural properties of these channais wnen they
are known.
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DIFFERENTIAL EFFECTS OF PMRFAMIDE PRPTIDES IN HELIX TENTACLE MUSCLE

G.S. Bewick and G,A. Cottrell, Department of Biology and Preclinical
Medicine, Bi.te Medical Builiing, St Andrews, Fife, U.K. KY16 9TS

The neuropeptide FMRFamide (Phe-Met-Arg-?hg-nHZ), rirsc.xaolated
from the clam Macrocalilista nimbosa (Price and Greenberg, 1977), has
since deen shown to occur, along with several related peptides, in the
circumoesophageal ganglia of the garden snail, Helix aspersa (Price,
Cottrell, Dodble, Greenderg, Jorendy, Lehman and Riehm, 1985; Payza, 1987).
These neuropeptides have potent direct actions on the tentacle retractor
suscle of Helix. The tetrapeptides (:HRFamidc and FLRFamide) activate the
. muscle, inducing'contractipnrafter a marked delay on which phasie
oscillations {n tension are superimposed, This {s in marked contrast to a
smooth contracture evoked by exogenously applied ACh (Cottrell, Schot and
Dockray, 1983). The three endogenous N-terminal extended peptides
pPQDPFLRFamide (pyrocLu-Asp-?ro~Pﬁo-Lcu—Arg-Pha-Nﬂz), NDPFLRFamide and
GDPFLRFamide (N = Asn, G = Gly) all potently relax tentacle musvle (Lehman .
and Greenberg, 1387; Cottrell, Davies, Turner and Cates, 1988).

Since the C3 motoneurone, which {nnervates cho'éentaclc retractor
muscle, has deen demonstrated to have *FMRFamide-like iununorcactivity',
it was of intsrest to study the effects of the FMRanido-Eolatod paptides
on C3~evoked, contractions. While FMRFamide {tself was without any
consistent effects, the N-terminally extended synthetic compound
. YGCFMRFamide (Tyr-Cly-Gly-) potentiated C3-evoked contractions (Fig. 1).
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Fig 1

In contrast, the endogenous K-terninal extended peptides of the
general structure X-DFFLRFamide (where I s N, pQ, G or S) all potently
inkidited contractions elicited by C3 stimulation (Fig. 2). A scheme has
been suggested as to hov these peptides may interact {n the behaviour of

the animal (Lebman and Greenberg, 1987).
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RECEPTOR-MEDIATED SIGNALLING USING SECOND MESSENGERS

Robert H Michell, Cepartzent of Biochemistry, University of Birminghan,
U. K.

foll curfeca rasaptars (or Ao 8andd vind newviisioulileors vau Uw givuped
iato three fundamental classes: a) thcee that (nglude within one
multisubunit proteln both & ligand recegnition site and an fon channel that
Qpene L0 responen Ln agnniat hinding (e. g nicotinic acotlyleohuline
receptor, GADA, recoptor): B) Lhoma thet include jwithin cne protetn toth s
ligand binding site and an enzyme catalytic sitejwhich is activated dy
agonist binding (e. 8. the tyrosine protein kinss¢s of the {nsulin snd EGF
rosaplere); and &) trilée tevepluvie Lhel Lrenwmititheir sctivasion, tarougn
gusnine nucleotida binding G-proteins, o phy-ic&liy separatae effsctor
nolecules within the plaima zenmbrane.

The majority of the known memders of this fingl group activate effectors
which are enzyzas (adenyisate cyclase, c<CMP phosphiodiesterase,
pheosphoinositidase C (PIC), ard maybe aleo oehoerho‘phol‘palnl ¢ snd
phoephelisanss Ay) that change the {ntracellular doncentrationa af lau
aniari AP Waigh? 'sarnnd macenangnre’ malneules  Ngeeas ensmLsal ani gb..o
cloning work hae revealed & remerkadble degree of [homology emongst the'
menbders of thie group of receptors. First, it sppears likely that ell G-
protein-coupled receptore, from yeast o men and| whatever tha agoniet and
effector eysten enployed, ere pesmbers of & single evolutionarily related
fazily of intrianeic measbrane glycoproteaine that span the plaste membrans
84VaA Llwee: M eousally Liiere aiv wiigue festuree ror secn ageriet-dinaing
domain end for the domain that recognises eacl type of G~protain, but the
receptors share some common mechanisa for comamunicating the receipt of a
stimulus shrough the protein between these two domsins. Secondly, O=
proteins are &lec e closely related group of (largely) heterotriszeric
proteins, with the epecificity for activetion or| inhibition of e particulsr
effector syss e Bainly distated by tha a=anhunft| Stimult the® activate and
Llulilbit adenylate cyclase transmit their effects, respectively, through G,
and G,, and rhodopein ectivation of cGMP invelveg trasducin (G,). The
putative C-protein that regulstee PIC has teen named G,, but is not yet
{dentifted, Indeed, receptor-etimulated activation of PIC ts blocksd by
pretrestzent with pertussis toxin on eome calls, but not {n others, so (¢
seeme quite likely that there is & small faaily of G,'e rether then a
single G-protein that serves this functien.

Having driefly discuessd theae ganeral prin¢lples, I hope slse to have
tine 0 talk driefly about recent advences {n ou knowlodgo of inoceftol
‘ 1ipide and phoephates in cell regulatien,
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