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GENERAL INFORMATION

LOCATION
Grand lotel Esplanade, Liilzowufer 16, 1000 Berlin 30
The lectures will be given in the "WEISSER SAAL A"

REGISTRATION DIESK
The repistration desk whi be open on Sunday, September 23rd, from 7 to 9 p.m,

and mornings during the meeting. Its phone number Is 262 88 70.
BADGES
Members of the local organizing committee are ldentified by a yellow tape on

thelr badpe. They will be pleased to assist you.

SLIDES

Speakers are invited to preview and load thelr sldes at a table .next to ‘the-

Information desk. Lectures are plsnned for twenty minutes plus ten minutes

for discussion.

POSTERS
All poster presentations will take place in the Wintergarten. Poster presenters
are Invited to put up their posters on the -board Uearing thelr poster number.
This number corresponds to the page number of -the abstract In the program
book. Tape will be available,
Posters 44 through 64 will be on display on Monday and Tuesday. They should
be removed on Tuesday evening.
-Posters 66 through 891 whl be on display from Wednesday morning: untll the
end of the meeting. They must be removed by 2 p.m. Thursday afternoon.
Poster discussion for numbers 44-64 -will be Monday evening from 6.30 to 8
p.m. and for nos. 656-91 Wednesday evening from 6 to 8 p.mn:
Poster presenters are requested -to leave a note at their poster Indicating when
* they will~be- present. at the poster for additional” discussion, e.g. durlng the
coffee breaks.

.-
i
. i
LUNCH . TICKETS
Reglstered; parl,ic]pagnts have recelved three meal tickets for the linches on
Monday, :Wednesday :a.':d Thursday at the hotel. Additional lunch tickets nay
= be-purchased™for“DM 40/lunch at-the information desk.
Lo A\ y ™
EXCURSIOQN" .
on :lj;les«l;ly Afterngon  all™ participants are Invited for a boat trip through
Berlin: *including luich and a reception by the Senate Department of Sclence

)
“and” Researeh “af~-the -Berlin city government. represented by Staatssekretir

[ T
, -Dr.Hans Krnmcnglahli = Departure wil be at 2 pan. from the dock directly In

AP

front of the Grand ilolel Bsplanade,
; ; :
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Monday, Sept. 24th, 1990

12:30

13:00 -

Opening Remarks

TRANSMITTER RELEASE
Chair: Sir Bernard Katz/F. Hucho

R. Llinés - Recent studies on depolarization release
coupling in the squid giant synapse

H. Betz - The synaptopore:- - Fact or Fiction?

R. Jahn - Synaptic vesicles as tools for
understanding of neurotransmitter release.

R.Kelly - Generation of synaptic vesicles in non-neuronal
cells.

Coffee Break/Poster session
Chair: R. Llinas/H. Betz

J. O. Dolly - Transmitter release probed with botulinum
neurotoxins.

H. Rehm - The relationship between the dendrotoxin
binding protein and the mammalian Shaker-Type K!
channels.

R. Rahamimoff - Channels and views of the cholinergic
aerve terminal.

14:30 Lunch
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Monday, Sept. 24th, 1990

14:30

15:00

15:30

16:00
16:30

17:00

17:30

18:00

18:30

Chair: g.-p. Changeux/B. Sakmann

H. Zimmermann ~ Molecular control of Synaptic vesicle

exocytosis and synaptic vesicle membrane recycling.

R. Scheller - Molecular studies of synaptic function
and development.

M. Israél - Characterization of a nerve terminal mem
protein that translocates acetylcholine upon calcium
action.

H. Breer - High affinity transporter for choline.

Coffee Break/Poster session

SYNAPTOGENESIS AND GENE BXPRESSION (SESSION ONE)
Chair: S. PFuchs/P. Layer

G. Fischbach - Further characterization of an ACh

brane

receptor inducing activity [ARIA) that may promote the

accumulation of receptors at developing Synapses.

U. J. McMahan ~ Molecules that mediate the neuron-induced
formation of postsynaptic apparatus in skeletal muscle

fibers.

J.~P. Changeux - The Acetylcholine receptor :
Functional architecture and regulation.

-~ 20:00 POSTERS - Numbers 44 through 64.
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Tuesday, Sept. 25th, 1990

10:00

10:30

11:00

11:30

12:00

12:30

13:00

13:30

14:00

TRANSMITTER RECEPTION (SESSION ONE)
Chair: J. Gershoni/E. Neumann

BE. Gundelfinger - Molecular analysis of the nicotinic
cholinergic receptor system of Drosophila melanogaster.

E. X. Albuquerque - Characteristics of neuronal nicotinic
acetylcholine receptor ion channels of rat hippocampal
neurons.

V. Tsetlin - a-Neurotoxin interactions with
acetylcholine receptor and other proteins.

L. G. Magazanik - Physiological significance of
desensitization in neuromuscular junction.

Coffee bLai.i%/Poster session

Jd. Lindstrom - Structures of nicotinic receptors from
muscles and nerves and of neuronal a-bungarotoxin-binding
proteins.

I. Silman - Structural and functional studies on the
phosphatidylinositol—-anchored dimer of
acetylcholinesterase purified from electric organ
tissue of Torpedo californica.

J. Massoulié - Molecular polymorphism of cholinesterases:
various modes of anchoring.

U. Brodbeck - Studies on mammalian acetylcholinesterases:
Subunit assembly, membrane anchoring -and state of
glycosylation.

- 14:00 Pause

Excursion

(boat trip with lunch and reception by the city
government - departure from the dock

directly in front of the hotel)
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Wednesday, Sept. 26th, 1990

9:00

10:30

11:00
11:30

12:00

12:30

13:00 -

TRANSMITTER RFECEPTION (SESSION TWO)
Chair: I. Silman/R. Jahn
E. Neumann - Single conductivity events and lipid-kinase
activity of the Torpedo californica nicotinic
acetylcholine receptor.

M. Eldefrawi - Nicotinic receptor optical sensor as a
diagnostic device.

J. Patrick - Functional diversity of neuronal nicotinic
acetylcholine receptors.

R. Huganir - Regulation of the nicotinic acetylcholine
receptor by serine and -tyrosine protein kinases

Coffee Break/Poster session
D. Sattelle - Insect nicotinic receptors: Functional
properties of native receptors and of a cloned subunit
cDNA expressed in Xenopus oocytes.
B. Sakmann - Identification of structural determinants
of ion flow and selection in membrane channels by
site-directed mutagenesis.

J. Dani - Calcium permeability and MK-801 block of the
acetylcholine receptor channel.

14:30 Lunch




Wednesday, Sept. 26th, 1990

14:30

15:00

15:30

16:00

16:30

17:00

17:30

18:00

20:00

Chair: V. Tsetlin/H. Breer

J. Gershoni - The cholinergic binding site : structure
and application.

F. Kucho - Functional domains of the acetylcholine
receptor - A novel phosphorylation site in position

55362,

Coffee Break/Poster session

A. Karlin - Structure of the acetylcholine receptor.

A. Maelicke - a-bungarotoxin and the competing antibody
WF6 recognize different patterns of amino acids within
the same cholinergic subsite.

R. Stroud - Three-dimensional structure of the nicotinic
acetylcholine receptor - What the structire of the
acetylcholine receptor at 22 A resolution by low dose
electron microscopy and x-ray diffraction to 12.5 A

implies for function,

43 kD cytoskeletal protein, and structure clange.

location of the major associated

V. Witzemann - The nicotinic acetylcholine receptor at
the rat neuromuscular junction: structure, function,
regulation.

- 20:00 POSTERS - Numbers 65 through 91.

- 22:00 Evening session - program to be announced
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Thursday, Sept. 27th, 1990

10:00

10:30

11:00

11:30

12:00

12:30

13:00

13:30

SYNAPTOGENESIS AND GENE EXPRESSION (SESSION TWO)
Chair: R. Rahamimoff/U. Brodbeck '

H. Soreq - Expression and in vivo amplification of human
acetylcholinesterase and butyrylcholinesterase genes.

P. Layer - Cnolinesterases and cell surface
glycoconjugates in the chicken neural tube:
a new look at presynaptogenetic neuronal specificity.

P. Taylor - Research directions emerging from the
structure of acetylcholinesterase and its gene.

S. Fuchs - Acetylcholine receptor gene expression
in experimental autoimmune myasthenia gravis .

Coffee Break/Poster session

A. Vincent ~ Molecular biology of the human acetylcholine

receptor.

M. Ballivet - Electrophysiological properties of neuronal

nicotinic acetylcholine receptors expressed in
Xenopus oocytes.

S. Heinemann - The structure, function and expression
of the brain nicotinic and glutamate receptor families

J. Koenig -~ Sequential events during neuromuscular
synaptogenesis.

Lunch, End of the symposium.
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Recent studies on depolarization release coupling in the squid giant synapse

LLINAS, R

No abstract received.
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The Synmaptopore - Fact or Fiction?

l._Berz, L. Thomas, P. Knaus and B. Marquéze-Poucy, ZMBH, Universitit
Heidelberg, and Max-Planck-Institut for BirnfGtschiing, Frankfurt, FRG,

From morphological and clcctrophysiologicgl dute, preformed protcinaceous
channels have been implicated in the_geledse of neurotransmitters from their
vesicular stores, synaptic vesicles @,?): We have characterized differcnt
synaptic proteins which qualify as potential components of such hypothesized
"synaptopore” or “fusion pore" structures:

1. Synaptophysin is a major integral membrane protein of synaptic vesicles
that shares its transmembrane topology and structural organization with
connexins, the subunits of gap junction protcins. By crosslinking and
reconstitution techniques W¢ have demonstrated that native synaptophysin
contains six identical subdnits and forms channels upon reconstitution in
planar lipid bilayers This protein therefore may correspond 10 the
vesicular portion of a ‘pUtative fusion pore structure,

2. Synaptoporin is another member of the synaptophysinfconnexin channel
protein family that is localized in small synaptic vesicles (4). In siw
hybridization shows that ltél}_fs“protein is selectively expressed in a subset of

central neurons,

intact vesicles we have identified a

3. Using binding assays with

synaptophysin-binding protein of 36 Kd that fractionates with synaptic
plasma membranes. This protein, named physophilin, behuaves as a larger
oligomer and is postulated to play a role in the docking of synuptic vesicles
to pasma membrancs,
We conclude that, in accord with previous speculations, vesicular
transmembranc  channels and presynaptic plasma membrane protcins may
play an important role in vesicle-plasma membrane intcractions during
transmitier release,

References

1. Pfenninger, K., Akert, X., Moor, H. and Sandri, C. (1972) J. Neurocyt. 1, 129-
149,

2. Almers, W, and Tse, F.W. (1990) Neuron 4, 813-818.

3. Thomas, L., Hartung, K., Langosch, D., Rehm, H,, Bamberg, E., Franke, W.W.
and Betz, H. (1988) 242, 1050-1053.

4. Knaus, P., Marquéze-Pouey, B., Scherer, H. and Betz, H. (1990) Neuron, in
press,

s
-------

5. Thomas, L. and Betz, H. (i%50) J; Cell Biol,,
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Synaptic vesicles as tools for understanding of neurotransmitter release

R. Jahn, Department of Neurochemistry, Max-Planck-lustitute for Psychiatry,
D-8033 Martinsried, Fed. Rep. Germany

Synaptic vesicles are highly specialized organelles involved in
neurotransmission. Several classes of synaptic vesicles are distinguished
based on their morphological appearance. Small synaptic vesicles which
occur in high numbers in every nerve terminal are the most abundant class
and are supposed to contain non-peptide transmitters.

My laboratory started recently a systematic study of the structural and
functional properties of small synaptic vesicles from mammalian brain.
Small synaptic vesicles contain a group of unique membrane proteins which
are highly specific for this organelle and occur on all vesicles
irrespective or their neuwrotransmitter content. This includes the proteins
synaptophysin, synaptobrevin, synaptotagmin (p65), p29 and the small GTP-
binding protein rab3A. In contrast to their abundance on small synaptic
vesicles, most of these proteins are absent from the membrane of peptide-
containing large dense core vesicles demonstrating that these two
organelles have a different membrane composition. In addition, these
proteins are also present in an endomembrane system of endocrine cells
which is different from the hormone-containing secretory vesicles. These
proteins exhibit some unique structural features. Their function is still
unknown. However, recent data suggest that at least some of them are
involved in directing the membrane traffic in the nerve terminal.
Furthermore, specific probes developed for these proteins proved to be
versatile tools for studying the properties of synaptic vesicles and the
related endomembrane system in endocrine cells. For example, a novel type
of immunobeads was developed using monoclonal antibodies directed against
various vesicle proteins. With these beads vesicles were isolated in one
step at high purity allowing the analysis of their transmitter content.
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Generation of synaptic vesicles in non-neuronal cells

KELLY, R.

No abstract received

e A




TRANSMITTER RELUASE PROBED WITH BOTULINMUM NEUROTOXINS

J. Oliver Dolly

Department of Biochiemistry, Imperial College of Science, Technology and Medicine,
London SW7 2AY, :U.K.

M
e e S BNy, ..
Mo

Botulinum-neurotoxin (BoNT) is a Clostridiul di-chsiu protein that selectively

inactivates an intrvacellular, ubiquitous component concerned with the release of

saveral transmitters, -Preferential inhibition of acetylcholine release (ACh) by
BoNU arises from-its targetting to eclu-acceptore-present only on cholinergic
nerve terminala in-the periphery, and subsequent internalization, 1In attempts
to decipher the molecular basis of the Intoxication, we examined the abilicy

of agents.with known actions to perturb the inhibition by BoNT of transmitter !
reledge from synaptosomes., Destruction of ‘actin-based cytoskeleton in
ceiebrocortical synaptosomes with cytochalasin D failed to alter the blockade
of K'=ptimulated Caz’-depondenc release-of noradrenaline by BoNT A or B,

In contrast, pre-ireatment.of the synaptosomes with colchlclno,,nocodazole or
griseofulvin, under conditions that disrupt microtubules, antagonized the
inhibition of K'-evoked transmitter release by BoNT B.but not type A,
Stabilisation of the microtubules with.taxol counteracted this ettect of

colchicine.. On the other hand, effects. of neither .toxin were influenced by

altering protein kinase C activity or cOMP levels, _As colchicine did not affect E

125

binding of I-labelled BoNT to intact synaptosomes and, appaxéntly, could not

prevent -toxin internalization, it can be deduced that drug-induced reduction

5 wie,

in the microtubule. content interferes with the Intra-neuzonal action of type B

BoNT., The inhibitory effect of BoNT A on noradrenaline release could be

reversed -imuch more readily by the Caz’ iongphore A23187 than that of type B.

These differences support the postulated fnteraction of BoNT A and B with

distinét components of the release-process, whilst the involvement of tubulin-~

-baséd. cytoskelaton~in-the: action-of «type--B-accords-with-irs ability-to-revest

asynchironous transmitter release.
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The relationship between the dendrotoxin binding protein and the
mammalian Shaker-type K+ channels.

Hubert Rehm, Institut fir Pharmakologie, Gloriastr. 32, CH-8006 Zirich

In the last two years considerable progress was made in the biochemistry of
neuronal- K* channels. K* channel specific toxins like the dendrotoxins from
Dendroaspis venoms, B-bungaroloxin from the venom of B. multicinctus or

MCD peptide from bee venom led to the isolation of toxin binding proteins

from brain membranes. After reconstitution into phaspholipid bilayers, the
toxin binding proteins displayed the characteristics of K+ channels. The
channels were activated by cAMP-dependent protein kinase and a novel
endogenrous kinase.

In paralell investigations, several laboratories showed that the Shaker locus of
Drosophila expressed a family of A-type (transient) K+ channels. Clones from
the Shaker locus were used as probes to isolate a family of homologeous
clones from mammalian brain libraries. In frog oocytes, the cRNAs of the
mammalian Shaker-type clones induced K* currents of the delayed rectifier
type, some of which were blocked by the dendrotoxins and MCD peptide.
Site-directed antibodies against a mammalian Shaker-type K+ channel
specifically recognized the dendrotoxin binding protein from mammalian
brain. In addition, partial amino acid sequences from the dendrotoxin binding
protein were nearly identical with sequences of one the mammalian Shaker-
type K*-channels. it is concluded that the dendrotoxin binding proteins of the
mammalian brain constitute a subset of the mammalian Shaker-type K+

channels.
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CHANNELS AND VIEWS OF THE CHOLINERGIC NERVE TERMINAL

by R. Rahamimoff*#, M. Abdul-Chani*, S. A. DeRiemer#\,
J. Edry-Schiller*, S. Ginsburg*&, N. Melamed*, B. Sakmann(#,
H. Stadler#, and N. Yakir*

* Dept. of Physiology, Hebrew University - Hadassah Medical

School, Jerusalem, Israel;
\ Dept. of Biological Sciences, Columbia University, New York,
NY, USA;
& Open University, Tel Aviv, Israel;
Max-Planck-Institut fiir Medical Research, Heidelberg, FRG;

Max-Planck-Institut for Biophysical Chemistry, Géttingen,
FRG.

Release of transmitter is governed by ionic currents throught
the presynaptic nerve terminal membrane. The channels
responsible for these currents are largely unknown. The
cholinergic presynaptic nerve terminals and their subcellular
components are too small for conventional single channel
recording. Therefore, we fused, with the aid of DMSO and PEG-
1500, synaptic vesicles and synaptosomes from Torpedo electric
organ to produce structures amenable to the patch technique.

In the fused synaptosome -membrane, two out of a large number of
channels have been characterized. The most common one found in
over 80% of the patches is a bursting K* channel with a large
selectivity of K over Na. The open channel i-V relation is
linear and has a slope conductance (7Y) of 23.7 pS + 1.33 (390
mM K* in the bath and 350 - 390 mM Na in the pipette). The
probability of opening increases with depolarization, and the
channel shows an outward rectification. The other frequent
channel in the synaptosomal membrane is a Cl- channel with 7y
of about 10 psS. ’

The predominant channel in the giant vesicle membrane is the P
channel, which is cationic in nature, shows a marked
rectification and is activated by calcium ions.

A number of speculations regarding:--the possible role of these
channels will be brought forward.

In addition, preliminary results will be presented regardiag
confocal images of the cholinergic¢ nerve terminals at the
neuromuscular junction of the frog and the lizard.

Supported in part by CIF, BSF, Lower Saxony, CTR, Cowen and the
Israeli Academy of Sciences.
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MOLECULAR CONTROL OF SYNAPTIC VESICLE EXOCYTOSTS AND SYNAPTIC

VESTCHLE MEMRRANE RECYCLING

. Zimmermann, A. Henkel, F, Bonzelius, AK Neurochemie,
7Zoologisches Tnatitut der J.W, Goethe-Univeratt&t, Sieamayerstr,

70, D=-6000 Frankfurt am Main

A major unknown in the Jifa cycle of the synaptic -vesicle is ‘the
molecular cascade -involved in»aﬁnnptic vesicle exocytonis- and
retrieval. A presumably major atep in exocytosis is the controlled
binding -of the synaptic vesicle membrane to & apecific release
site at the presynaptic membrane. We show that binding of
todinated synaptic vesicles ‘from bovina brain to ‘isolated
prasynaptic membhranes (SPM) ia-enhanced by 400X if -the SPM -have
previoualy ‘hrnen incubated with ATP and TPA, an antivgtgr of
protein kKinase C. Tncubation of vesicles and‘membrnneagin the
presence of Ca*? enhancea vesicle binding by, 260%.‘An—SPM-pvotein
of 92 kD is likely to be responsible for synaptic. vesicle binding.
Tt binda to synaptic vesicle membranes only when- it has- previously
been phaspharylated or in the presence of micromolar
conéentrations of Ca'' (Zimmermann et ai.,:éell Biol Int 13: 993-
1006, 1990)-

Using perfused blocks.of the Torpedo. electromotor aystem we show

"

that the synaptic vesicle membrane compartment is recycled

directly on exo- nnqundocyhoa{s.qng«doesvnnh mix with the
praaynaptic membrane. The recycled synaptic vesicle retains an
aliquot of the extracellular meditim and this does not ‘impair

aynaptic veaianle reloading with ‘neurotranamitter.




Molecular Studies of Synaptic Function and Development
R. Scheller

Dept. of Biol. Sciences, Stanford University, Stanford CA 94305

Regulated relcasc~ of chemical transmitters at the synapse is the
cellular basis of neuronal communication. In spite of the central.
importance of the synapse in brain function, only a vague picture of the
membrane flow which governs transmitter packaging and release is
] available, and little is known about the specific ‘mechanisms of synapse
information. To better understand transmitter metabolism at the synapse,
several labs are characterizing proteins which are components of synaptic
vesicles. Homogeneous cholinergic vesicles isolated from the electric
organs of marine rays contain at le€ast 20" vesicle enriched or specific
proteins. We .have characterized several of ‘thiese proteins, including
{ VAMP, VAT, synaptophysin, low MW GTP-binding proteins and
components of the proton ATPase. Gené ‘transfer and immunelogical
i reagents are being used to investigate the function of these molecules. In
c-:ollaboralion with the iaboratory of U.J. McMahan, a ray ¢cDNA clone for a
component of the synaptic basal lamina has been isolated. In rat, a
homologous gene is abundantly expressed -in -embryonic motor .neurons.
The -protein is comprised of at least 14 EGF repeats and has 8§ regions
which are homologous to protease inhibitors. The potential role of this

molecule in: synapse development is being investigated.
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CHARACTERIZATION. OF A NERVE' TERMINAL MEMBRANE PROTEIN
THAT TRANSLOCATES ACETYLCHOLINE UPON CALCIUM ACTION.

M. Israél

Laboratoire de Neurobiologie Cellulaire et Moleculaire.
Departement de Neurochimie. C.N.R.S. 91198 GIF S/YVETTE
FRANCE.

The description of chaline oxidase assay of acetyl-
choline(ACh) (Israel aid Lesbats 1981) and the continuous
monitoring of transmitter release obtained by coupling
the choline oxidase reaction with a chemiluminescent
detection of H,0, has proven ‘to be useful tool to study
the mechanism of "ACh release,(Ierael and Lesbats 1981,

1982, 1987). This method rendered poss1ble ‘the purification
of the nerve terminal membrane protein that translocates
ACh upon calcium action. This protein, the mediatophore
seems made of 15 kD subunits forming a large structure
of some 200 kD apparent molecular weight. It looks
pentameric with a hollow centér after electron microscopic
examination. The reconstitution of mediatophore into
artificial membrane showed that it shared with the release
mechanism some common -properties :
- calcium dependency of ACh release blocked by magnesium.
- inhibition of release by cetiedil:

- Desensitization of release by successive calcium pulses.

The mediatophore or a similar protein was also found.in

-rat brain synaptosomes particularly in cholinergic areas.

Antibodies raised against Torpedo electric organ
mediatophore did not cross react with the -at motor end-
plates but stained Torpedo muscles end-plates.

M. Israél and B. Lesbats. Neurochem. Int.. (1981) 3, 81-90.
M. Israal,N. Morel, B. Lesbats, 'S. Birman and’'R. Manaranche
Proc. Natl. Acad. Sci. USA (1986) 83, 9226-9230.

M. Israél and B. Lesbats. in Neurochemistry. A practical
approach., IRL press. ed.by Turmer and Bachelard. {1987
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HIGH AFFINITY TRANSPORTER FOR CHOLINE

H. Breer, M. Knipper, C. Kahle
University of Stuttgart-Hohenheim
Institute of Zoophysiology

7000 STUTTGART 70, FRG

There is considerable evidence indicating that the accumulation of choline via high affinity
transporter is the rate-limiting-step for the synthesis of acetylcholine in cholinergic nerve
terminals. Thus, this transport system for choline, which is apparently unique for cholinergic
nerve endings, plays a key role in cholinergic synapsés and synaptic transmission. Although
considerable progress in exploring the energetics of choline transport has recently been made
in studies using synaptosomal ghosts, the mechanism of choline :uptake mediated by high-
affinity carrier is still pooriy understood. It is one of the intriging properties of this transport
system that its capacity appears to be coupled to the neuronal activity. Some recent
experiments suggest that"this coupling may be brought about via intracellular messengers.
Rapid kinetic experiments revealed that stimulation of isolated nerve terminals either by
depolarization or via activation of presynaptic receptors changes the inirasynaptosomal
.concentration of second messengers (CAMP, IP3) in the subsécond time range. Modifying the
concentration of cyclic nucleotides in synaptosomes, significantly increased the rate of choline
accumulation; a similar effect was induced by phorbol esters, which activate protein kinase C.
The observed changes in the rate of choline accumulation could either result from alterations
in the velocity of the transport process or via changes in the actual number of functional
carriers. In experiments using tritiated hemicholinium-3 as a specific probe for choline
transporter, we have found that the number of binding sites significantly increase:d upon
kinase activation. These results suggest that occult choline transporter may be recruited via
kinase-dependent mechanisms and thus increasing the rate of choline accumulation. Towards
an identification- of the carrier protein, monoclonal antibodies were generated which
specifically block the high affinity transport of choline. These antibodies were found to
recognize.a single polypeptide band of about 90,000 on Western blots and to label’ specific
areas in nervous tissue- sections, Using FPLC-ion-exchange and immunoaffinity-
chromatography, the immunoreactive polypeptides have been purified to homogeneity and
were subsequently reconstituted in liposomes; in proteoliposomes the purified protein
catalyzed the accumulation of exogenous choline.
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FURTHER CUARACTERIZATSON OF AN ACH RECEPTOR INDUCING ACTIVITY
(ARIA) THAT MAY PROMOTE TILE ACCUMULATION OF RECEPTORS AT DEVELOPING
_SYNAPSES. G.D. Flrchbach, D.f,, Fallx, DiA. Harris, Department of
Anatomy and Neurobiology, Washington Unlverslty nndlcgl School,
Sst. touis, MO 63110 ’

A glycoprotein purified from chick brain that stimulates the
syntheris of ACh receptors in cultured chick myotubes appears as

A .broad-band centered at Mr 42,000 following SDS-PAGE,

T s i e s s

Acetylcholine receptor inducing activity -{ARIA) can be eluted.
from qel slicen that-contain the band, -and ‘hoth, the protein and
the activity.mjgrate more rgbldly {ca. Mr 31,000) following
digextion v(th‘n-qucnhasp. Although: actiy}fy.survives
‘denaturation in tha presenca of SDS, activity. vam destroyed
following exponire to reducing agents. The sequence of” 24 of the
tirat 27 amino-acids-was determined by automated Edman
degradation. An @ntlbodyvralsgd agafiist & synthetic peptide
corresponding to the 11, N-terminal aminc_acids labels wotor
neurons in the anterior horn.of-the spinal cord.*R

The PCR was used with degenerate oligonucleotide-primers to H
amplify a 34 nucleotide segment from chick brain poly A' WRNA
that encodes 11 amino acids of the chemically-defined sequence.
This oligonucleotide was used to isolate a 2.2kb cONA from an
enbryonic chick brain-library that contained an-open reading
frame containing 267 amino acides-including a putative signal
gequence. The xequence includes four potential N-glycocquelon
sites, a 48 residue-proline and glycine containing hexapeptide.
repeat near the N-terminal, two hydrophobic regions: one neatr the
middle of the molecula and the other near the-C-terminal end, and

tvo Cysteine residues that-We asssume are connected in'a

>

disulfide bond. Northern blots show a;prominent 2.§kh*nessaqe~in

the spinal cord-as early as embryonic day 6§, the time when-motor {
axons first axtend into the developing-muscle wass.in the limb,
In situ-hybridizatiorishows that.the mRNA is.concentrated in-the
anterior horn. The mRNA fs present in- several other embryonic
tissues, but-it 'is more restricted to°'the CNS in adult-animals.
The“predicted amino.acid sequence is-43% identical to the
mouse prion protein allowing:for-one gap in the chick protein and '
five+in the prion sequenca. More definitive avidence that the %
éA chick sequence corresponds .to.the receptor inducing activity 'fr
N - B dopends on -Irrunoprecipitation-and -axpraszicn-oxperiernts now- ~% =
) % underway. Nevsrtheleas,. the possibility-can be considered that N
the neurodegencrative digzeases assoclated with ‘an 2ltered form of. 3
the prion protein are in fact due to loss of naurotrophic ;}
; ‘gupport. 'i
B
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MOLECULES THAT MEDJATE THE NEURON-INDUCED FORMATION OF
POSTSYNAPTIC APPARATUS IN SKELETAL MUSCLE FIBERS.

U.J. McMahan, Departinent of Neurobiology, Stanford University School of
Medicine, Stanford, California- 94305,

The basal lamina in the synaptic cleft of the neuromuscular junction
contains molecules that direct the formation of cell surface specializations on
regensrating axon terminals and muscle fibers,  Some of these speclalizations
are directly involved in synaptic transmission. For example, the synaptic basal
lamina induces regenerating axon terminuls to form active zones, which are
involved In the release of the trunsmitter, ucetylcholine, und it directs
regencrating muscle fibers 10 form aggiegates of acetylcholine receptors and
acctylcholinesterase. Over the last several years my colleagues and I have
conducted experiments almed at identifying und characterizing the basal lamina
molecules that induce the aggregation of AChRs and AChE. Our results have led
to the following hypotheses. 1) A single basal- lamina molecule causes the
aggregation of both AChRs and AChE as well as other components of the
postsynaptic apparatus, 2) the active molecule is synthesized by motor neurons
and released by their axon terminals 10 be incorporated into the basal lamina,
and 3) the basal lamina molecule that directs formation of the postsynaptic
apparatus on regenerating muscle fibers is the same molecule that mediates the
nerve-induced formation of postsynaplic specializations on developing muscle
fibers In the embryo and it helps maintain those specializations on mature
muscle fibers in the adult. Our studies indicate further that the active molecule
is identical, or very similar, to agrin, a protein we have purified from the electric
organ of Torpedo californica, | will discuss cvidence that supports these
hypotheses and present results of studies that bear upon the’steps and
mechanisms involved- in the formation of the AChR aggregates.
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THE ACETYLCHOLINE RECEPTOR : FUNCTIONAL ARCHITECTURE AND REGULATION

J.P. Changeux, P. Benoit, A. Bessis, J. Cartaud®, A. Devillers-Thiéry,
A. Duclest, J.L. Galzj, B. Jasmin¥*, A. Klarsfeld, R. Laufer, C. Mulle,
H.0. Nghiém, J. Plette and F. Revah.

Institut Pasteur, Laboratoire de Neuroblologie Moléculaire, 25 rue du
Dr Roux, 75724 Paris Cedex 15.

% Laboratoire de Microscopie Electronique, Institut Jacques Monod,
Unlversité Paris 7, 2 Place Jussieu, Tour 43, 75231 Paris Cedex 05.

In the adult motor .endplate, the AChR is strictly localized under
the nerve ending while in the non innervated myotube it 1s distributed
all over the surface of the cell. In situ hybridization with a-subunit
probes, containing or not exonic sequences disclose high levels of
snspliced and mature mRNA 1in mononucleated myotomal cells and
diffcrentiating myotubes. After the entry of the exploratory motor
axons, the clusters of grains located outside the endplate decrease in
number. In 15-day old chicks, AChR a-subunit mRNAs become restricted to
the subneursl “fundamental™ nuclei. Denervation causes a reappearance
of unspliced and mature mRNA in extrajunctional areas.

Chronic paralysis of the embryo by flaxedil interferes with the
disappearance of extrajunctional AChR which, thus, represents an
electrical activity- dependent repression of AChR genes. This process
has been analysed with a chicken a-subunit genomic probe in primary
cultures of chick myotubes. Blocking their spontaneous electrical
activity by tetrodotoxin. (TTX) causes increases of both ‘precursor and
mature a~subunit mRNA levels while a-actin :mRNA levels do not change.
The entry of Cattions and possibly the activation of protein kinase C
contribute to the repression of a-subunit gene transcription.

The maintenance and late increasc in AChR number at the endplate
level requires the intervention of an anterograde slgnal from neural
origin. Calc{tonin gene- related peptide (CGRP), a peptide shown to
coexist with acetylcholine in chick spinal cord motoneurons, increases
surface AChR and a-subunit unspliced and mature mRNA respectively by
1.5 and 3 fold. CGRP stimulatcs membrane~bound adenylate cyclase in the
range of concentration where {t enhances AChR a-subunit gene
expression.

The data are interpreted Iin terms of a model which assumes that
1) in the adult muscle fiber, nuclei may exist in different stages of
gene expression in subneural and extrajunctional areas, 2) different
second messengers elicited by neural factors or eclectrical activity
regulate the state of transcription of these nuclei via trans-acting
allosteric proteins binding to cis-acting DNA regulatory elements.

To look for such components, the S5'-end and part of the upstream
flanking region of the a-subunit gene was {solated and sequenced in the
chick. This a-subunit promoter, including 850 bp of the 5' flanking
sequence, was finserted {into a plasmid vector in front of a
chloramphenicol acetyltransferase (CAT) gene. This construct directed
high CAT expression in transfected mouse €2.7 myotubes but not in
unfused C2.7 myoblasts or non myogenic mouse 3T6 cells. DNAse I
foot-printing and gel retardation assays show that nuclear factors bind
to three distinct domain AR I, II and III located within the most
proximal 110 nt domains. Levels of several of these factors change
during fusion of myoblasts into myotubes (AR IIb and III) and as a
consequence of denervation (AR LIb and III).

Finally, -multiple post-transcriptional processes 1involving, in
particular the Golgi apparatus, proteins from the basal lamina and from
the cytoskeleton (the 43 KD protein among others) contribute to the
clustering, and stabflisation of the AChR {in the post-synaptic
membrane.
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MOLECULAR ANALYSIS OF THE NICOTINIC CHOLINERGIC
RECEPTOR SYSTEM OF DROSOPHILA RELANOGASTER

E.D. Gundeliinger, A. Baumann, M. Hess, P. Jonas, B. Merz, P. Schioss',
C. Schrdsr and R. Schuster; ZMNH, Universitédt Hamburg, Martinistr, 52,
D-2000 Hamburg 20 and 'ZMBH, Universitit Heidelberg, D-6900 Heidelberg

Acetylcholine is a prevalent excitatory neurotransmitter in the inssct nervous
system which acts predominantly by the activation of nicotinic type receptors.
Recent studies by our laboratorigs as well as others showed that, as in vertsbrates,
protein subunits of nicotinic acetylcholine receptors (nAChRs) are encoded by a
family of related gones. Throe members of this gene family expressed in the
Drosophila central nervous system have been characterized so tar: the ARD protsin
reprasenting a potential structural or ron-o. nAChR subunit (Hermans-Borgmeyer et
al., 1986, EMBO J. 5, 1889) and two putative ligand-binding a-subunits ALS (Bossy
et al., 1988, EMBO J. 7, 611) and D2 (Baumann et al., 1990, Nucl, Acids Res.
18, 3640; Sawruk et al., in press). A fourth gene whose ligand-binding region has
not yet been detined is currently under investigation. The ARD gene maps at
chromosomal region 64B. The ALS and Do.2 genes both are located at region 96A
suggesting that they form (part of) a nAChR gene cluster.

Antisera against bacterially expressed fusion proteins were raised to further
characterize the nAChR proteins. Immunopracipitation experiments revealsd that
ALS and ARD protein are integral components of the same receptor complex which
binds ‘*I-a-bungarotoxin with high affinity. Furthermore, an ALS-specific antiserum
was employed to immunohistochemically localize ALS protein-containing receptors
in fly heads. Essentially, structures within the protocerebrum, the «-, 8- and y-lobes
of the mushroom bodies and parts of the central body were stained by anti-ALS
antibodies. In addition, distinct neurons of the lamina of the visual system are
expressing the ALS protein.

Currently, reverse genetics methods are being applied to investigate function and

expression of the various nAChR subunits. Results of these studies will be
discussed.




Characteristics of ncurunal nicotinic acetylcholine receptor ion channels of rat
hippocampal neurons. E.X. Albuquerque and M. Alkondon. Department of
Pharmacology & Experimental Therapeutics, University of Maryland School of
Medicine, Baltimore, MD 21201.

The pharmacological and developmental profile of neuronal nicotinic acetylcholine
receptor ion channels (nAChR) in the hippocampus was studicd using tissue cultured
fetal (17 days gestation) rat hippocampal neurons. [onic currents were measured by
whole-cell patch-clamp technique, and agonists and antagonists were applied to the
neurons through a 'U-tube rapid delivery system.  Acetylcholine (ACh) and
(+)anatoxin (AnTX), two nAChR agonists, clicited inward currents in neurons which
were clamped near their resting membrane potentials. AnTX was found to be nearly
10-20 times more potent than ACh in inducing these currents. Linear I-V plots for
both agonists were obtained from -100 mV to -10 mV and the currents reversed near
0 mV. At positive membrane potentials, smaller outward currents were recorded
when compared to that seen at equivalent negative potentials. The currents induced
by both agonists showed a desensitization pattern during prolonged agonist application
and a complete recovery from this process occurred in about 90 sec to 180 sec. The
nAChR currents were either undetectable (<10 pA peak) or very small (<50 pA
peak) up to 5-7 days in culture, and larger currents (200-2000 pA peak) were
recorded in ncurons grown in culture for 14 or more days. The currents produced
by AnTX were reversibly blocked by d-tubocurarine, dihydro-B-erythroidine and
(#)mecamylamine.  However, they were unaffected by MgCl, and APV at
concentrations which blocked NMDA-induced currents. The quisqualate antagonist
DMNQX had no effect whereas the GABA, receptor antagonist bicucuiline had a
marginal inhibitory effect on AnTX-currents. Atropine, the muscarinic receptor
antagonist and tetrodotoxin, the sodium channel blocker did not block the responses
to AnTX. VX, an irreversible acetylcholinesterase inhibitor, potentiated the responses
to ACh but not AnTX. These results confirm the existence of a class of functional
neuronal nAChR in the rat hippocampal neurons predominantly located at the
axodendritic region. Support: US Army Med. Res. & Devel. Comm. Contr.
DAMD17-88-C-8119 & NIH Grant NS25296.
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o -NEUROTOXIN INTERACTIONS WITH ACETYLCHOLINE RECEPTOR
AND OTHER PROTEINS
V.T.Tsetl in and Yu.N.Utkin
Shemyakin Instilute of Bioorganic Chemistiry, USSR Academy of Sciences,
Mogcow, USSR

Snake venom @ neurotoxins are olassloal bloockers of niootinio
acetyloholine receptors (AChR) of muscles and Torpedo eleotirooytes.
Neurotoxin-AChR binding is of udoubi interest for understanding
general prinoiy 8 of ligand--receptor interaotions. Using various
geries of a neurotoxin derivatives, the regions of the toxin involved
in AChR binding have been oharacterized in our laboratory. Although
several groups have demonstrated that in isolated state only a-sub-
unit binds a-neurotoxins, our data sghowed that in the intaot AChR
oomplex the toxins contaot all subunits.

In view of ooloocalization of reoeptors of olassioal neurotransmit-
ters and neuropeptides, we examined possible effeots of d-neurotoxins,
capable of multiple interactions, on the neuropeptide receptors. It
was found Lhat a-bungarotoxin (Bgt) and toxin 3 N.naja slamensts, but
not the short -chain neurotoxins inhibit with Ky 1077-1078 binding of
lodinated substance P (SP) to the rat brain NK-1 tachykinin receptors.
Less potenlly Lhe toxins oompeted for the NK-2 and NK-3 reoeptors.

At 10“4*10‘5 M, inhibition was manifested by d-tuboourarine, phenoyo-
lidine, and triphenylmethylphosphonium. On the other hand, oarbamoyl-
onoline, niocotine and decamethonium were without effeot even at higher
ooncentrations. The results oblained, in view of preservation of the
inhibitory activity of toxins towards solubilized membranes, indicate
that some of the Bgt-binding polypeplides of mammalian brain are
tightly associated with Lachykinir receptors.These polypeplides are

digtinot from Lhogz having a high arfinity for thymopoietin.




Physiological significance of desensitization in neuromuscular
junction

L.G.Mogazanik and V.A.Snetkov

Sechenov Institute of Evolutionary Physiology and Biochemistry.
Academy of Sciences of the USSR, Leningrad, USSR

Desensitization, a fall of sensitivity to transmitter due to its
long-lasting action, was commonly considered as negative feedback
mechanism protecting postsynaptic membrane against transmitter
excess. Evidently, a transition of cholinoreceptors into desen-
sitized form which saves the ability to interact with ACh but
failed to operate the ionic channels plays a leading role in the
process of desensitization in cholinergic neuromuscular junction.
Desensitized receptors have also much higher affinity to ACh in
comparison with normal resting ones. These disabled but ready
for catch receptors may effectively compete for free ACh with
resting ("ready=for-use"”) ones decreasing thereby effective
concentration of ACh, The latter sequence of desensitization may
be involved in the mechanism of some phenomens observed in the
experiments which were done on isclated frog neuromuscular
preparations treated with anticholinesterase drugs,

The 15-30 min treatment with either prostigmine (6 uM) or or-
ganophosphorus inhibitor, armine (1 uM), induced an increase of
miniature endplate currents (MEPC) amplitude and decay time con-
stant (t) by factors of 1.3 and 4.4, respectively. However, this
prominent prolongation of MEPC decay was followed by the slow and
continuous fall of < without pronounced changes of MEPC
amplitude, We suppose that after treatment with anticholines-
terase drugs the number of desensitized receptors increases.
These receptors con serve as traps for free ACh attenuating
thereby the repetitive ACh binding and activation of channels.

The hypothesis was supported by the fact that any procedures af-
fecting the desensitization are oble to modify the rate of MEPC
shortening. Thus the decrease of temperature to 11°C prevented
MEPC shortening completely. and maximal values of t and amplitude
remained stable during several hours. On other hand, desensitiza-
tron can be promoted by the application of exogenous ACh. In the
experiments on anticholinesternse~treated preparations after
relatively short-term (10~-15 min) bath application and following
washout of 2 uM ACh amplitude and 1 dropped to 74 * 3 % and 49 %
3 %. respectively (n=6). During further washout in contrast to
rapid recovery of amplitude. < restored very slowly. Prominent
shortening of MEPC without decrease of amplitude was observed in
prostigmine-treated muscle during the action of desensitization-
promoting drug proadifen. After pretreatment with non-
hydrolysable agonist., carbacholine (10 uM, 15 min), followed by
15 min washing. MEPC were changed negligibly, but subsequent AChE
inhibition by prostigmine led to much smaller increase in t than
in contirol.

Hence, the increase of the number of desensitized receptors
(traps) may compensate in some extent the lack of ACh hydrolysis
in anticholinesterase-treated muscles.




Structures of Nicotinic Receptors from Muscles and Nerves

and of Neuronal a-Bungarotoxin-Binding Proteins

Jon Lindstrom, Ralf Schoepfer, René Anand, William G. Conroy,
Mohammad $. Saedi, Manoj Das, Paul Whiting

Three gene famubes within the hgand-gated 1on channel gene family encode subunits of proteins with
chohmergic hgand-binding properties. Of these, muscle nicounic acetylcholine receptors (AChRs) are the
best charactenzed. The vatious subiypes of neuronal mcounic AChRs are also ACh-gated cayion channels,
but they differ from muscle AChRs in pharmacology, subunit composition, and (in some cases) in functional
roles. Neuronal a-bungarotoxin-binding proteins (aBgtBPs) compnise the third of these gene famhes
Their endogenous hgand and functions are unknown, but ¢cDNAs and mAbs for some subunits of two
subtypes are now available.

Muscle AChRs are composed of two al subunits, one f1 subunit, one 7 or € subunit, and one §
subunt, organized m a pentagonal array around a central cation channel. Our studies have concentrated on
muscle-type AChRs from Tompedo electric organ and human TEG71 cells. Assembly of subunits expressed
In vanious combinations 1n Xenopus oocytes has been studied. Epitopes on a subunits have been mapped
using synthetic peptides and using in vitro mutagenesis and expression in Xeropus oocytes.

Neuronal AChRs are composed of only two kinds of subunits. The primary subtype in mammahan
bram 1s composed of a4 ACh-binding subumits and $2 structural subunits. These subunits are found in an
(a4),(f2), stochiometry which resembles the pentagonal subunit arrangement of muscle AChRs. In
chicken retina AChRs with 23 and f2 subunits are a major subtype. cDNAs have been cloned for human a3
and f2 subunits.

Neuronal aBgtBPs of two subtypes have been identificd in chicken brain. One sublype comprising
275% of the total includes aBgtBP al subunits and an unknown complement of structural subunts
Another subtype compnsing ~15% of the total includes both aBgtBP al subunits and aBgtBP a2 subunits
as well as an unknown complement of structural subunits. These two subunits exhibit 82% sequence identity
with each other, and 44-49% sequence idenuty with @ subunits of AChRs of either muscles or nerves. The
presence of cystemes homologous to @l92-193 of muscle and neuronal AChRs suggests that these are
ligand-binding subunsts, Sequence identities in putative transmembrane domains suggest that tiey couid be

components of ligand-gated cation channels.
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STRUCTURAL AND FUNCTIONAL STUDIES ON THE PHOSPHATIDYL-
INOSITOL-ANCHORED DIMER OF ACETYLCHOLINESTERASE PURIFIED
FROM ELECTRIC ORGAN TISSUE OF TORPEDQO CALIFORNICA

Israel Silman, Department of Neurobiology, The Weizmann Institute of
Science, Rehount 76100, Israel

In electric organ tissue of the electric fish, Torpedo, a substantial
amount of the acetylcholinesterase (AChE) occurs in the form of a
membrane-bound hydrophobic dimer. In this molecular species of AChE the
membrane-anchoring domain is provided by the diacylglycerol moiety of a
single phosphatidylinositol (PI) residue which is covalently attached, via an
intervening oligoglycan, to the COOH-terminus of each of the two catalytic
subunit polypeptides of the dimer. This form of AChE can be selectively
solubilized from electric organ tissue by a Pl-specific phospholipase C of
bacterial origin, and subsequently purified by affinity chromatography. The
highly purified water-soluble AChE so obtained provides a convenient prepara-
tion for structural studies, including chemical modification and identification
of residues involved in catalytic activity, physicochemical studies of conjugates
of the enzyme with organophosphorus poisons, and characterization of the
membrane-anchoring domain. Furthermore, it has provided us with an ideal
source for preparation of high quality crystals of AChE which have proved
suitable for use in the determination of its three-dimensional structure by
X-ray crystallography. Recent results in these various areas will be presented
and discussed.
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MOLECULAR POLYMORPHISM OF CHOLINESTERASES :
VARIOUS MODES OF ANCHORING

and Suzanne BON
Laboratolre de Neuroblologle, Ecole Normale Supérieure
46 rue d'Ulm, 75005 Paris, France

In Torpedo, a single gene produces several transcripts for
acetylcholinesterase (AChE), through alternative splicing and probably the
use of several transcription orlgins and polyadenylation sites.

Three types of coding sequences have been identified in cDNA clones.
The more abundant ones, in the mRNA population, encode the precursors
of the catalytic subunits of the collagen-tailed, asymmelric forms (A), and of
the amphiphilic glycolipid-anchored dimers (Ga)(1*2), These precursors
consist of a signal peptide, a major common catalytic domain, and divergent
C-terminal peptides. A third type of cDNA, diverging at the same position in
the coding sequence, seems to exist in a small minority of mRNAs.
However, the divergent sequence corresponds to the intron following the
last common exon, and the existence of the predicted protein has not yet
been demonstrated.

Torpedo also possessez a butyrylcholinesterase (BuChE), presenting
both asymmetric and globular forms. A detailed study of amphiphilic forms
of AChE and BuChE led to the distinction of two classes of amphiphilic
dimers(3), Class I corresponds to glycolipid-anchored dimers : they are
sensitive to PI-PLC and PI-PLD and aggregate in the absence of detergent.
Class 1l dimers do not present these characteristics ; they are readily soluble
without detergent, although they clearly bind delergent micelles. In the case
of BuChE, only class I dimers were observed. Amphiphilic dimers and
monomers of AChE from chicken and rabbit can be considered as class 11, by
extensiond). The nature of the hydrophobic domain at class If cholines-
lerases is not known.

Glycosylation introduces variations in the mature AChE forms,
producing distinct electrophoretic variants, or electromorphs, in different
tissues. In Torpedo and Electrophorus electric organs, some forms of AChE
carry the Elec-39/HNK-1 glycosidic epitope, which is characteristic of
adhesion molecules, suggesting that electric organ AChE may be involved in
a structural function, in addition to its catalytic activity(,

1) Sikoray, J.L., Krejel, E. and Massoulié (1987) EMBO ], 6, 1865-1873.

2) Sikorav, LL., Duval, N., Anselmet, A., Bon, S., Krejci, E., Legay, C., Osterlund, M.,
Relmund, B, and Massoulié, J. (1988) EMBO J. 7, 2983-2993.

3) Bon, S, Toutant, ].P., Méflah, K. and Massouli¢, J. (1988) ). Neurochem. 51, 776-785 and 786-
794.

4) Bon, 5., Rosenberry, T.L. and Massoulié, J. (1990) Cell. Mol. Neurobiol,, in press.

4) Bon, 5., Méflah, K., Musset, F,, Grassi, J. and Massoulié, J. (1987) ). Neurochem. 49, 1720-
1731,
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Studies on Mammalian Acetylcholinesterases:
Subunit Assembly, Membrane Anchoring and State of Glycosylation

Urs Brodbeck, Harald Helder, Jian Liao, Pascal Meyer, and Susi Stieger
Institute of Biochemistry and Molecular Biology, University of Bem, Bihisasse 28,
3012 Bem, Switzedand

Mammalian acetylcholinesterase (AChE) exists in brain as tetrameric globular

enzyme (G4 form) of which approximately 80% are amphiphilic, membrane
bound through a structural subunit linked by disulfide bridges to one pair of the
four catalytic subunits. Our results show that pairs of dimers assemble to the G4
form by strong non-covalent hydrophobic interactions near their C-terminus. On
the other hand, G2-AChE from mammalian erythrocytes and a number of other
sources consists of two disulfide linked catalytic subunits which are membrane
bound through a glycosylphosphatidylinositol (GP1) moiety covalently attached to
the C-terminus ot each subunit. While the complete chemical structure of the GPI-
membrane anchor of dimeric AChE from human eythrocytes has been worked
out, relatively little is known about the anchor of the brain enzyme. By labelling
with the photoactivatable reagent 3-trifluoromethyl-3-(m[1251}-iodophenyl)
diazirine ([1251]TID), a non-catalytic structural subunit of about 20 kD molecular
mass was identified in human and bovine brain AChE which is sensitive to
proteolytic cleavage. In non-denaturing conditions the reduced and alkylated
enzyme remained tetrameric and the anchor remained bound to the catalytic
subunit, This indicated that the anchor not only interacted hydrophobically with
the lipid bilayer, but also with the catalytic subunits. The [1251)TID-label could in
part be removed by treatment with hydroxylamine, indicating that the [1251)TID-
labelled structural subunit is composed of hydrophobic amino acids as well as
other hydrophobic constituents.

Acetylcholinesterases have varying amounts of carbohydrates attached to the
core protein. Sequence analysis of the known primary structures gives evidence
for several asparagine linked carbohydrates. From the differences in molecular
mass determined on SDS-gels before and after deglycosylation with N-glycosi-
dase F, it is seen that bovine AChE (both dimeric and tetrameric forms) are more
heavily glycosylated than the corresponding human enzymes. Further, dimeric
AChE from red cell membranes-is more heavily glycosylated thar. the tetrameric
brain enzyme. N-acetylgalactosamine could neither be detected in bovine brain
nor in bovine erythrocyte AChE indicating that both enzyme forms contain no O-
linked carbohydrates.

Monoclonal antibodies (MAB) raised against AChE from electric organs of
Torpedo nacline timilei showed interesting properties towards mammalian
AChE. Three of them crossreacted with AChE from bovine and human brain but
not with AChE from erythrocytes. Treatment of the brain enzyme with N-glycosi-
dase F abolished binding of MAB suggesting that the epitope, or part of it, con-
sists of N-linked carbohydrates. The remarkable difference in reactivity of MAB
towards AChE from brain and erythrocytes as well as the differences observed

after treatment with N-glycosidase F suggest different glycosylation patterns in
dimeric erythrocyte and in tetrameric brain AChE.

22




Single conductivity events and lipid kinase activity of the
Torpedo californica nicotinic acstylchoiine receptor

E. Neumann, J. Weber, J. Harlemann, Faculty of Chemistry,
University of Bislefeld, D-4800 Bielefeld 1, Germany.

The dimer (M, =~ 580,000) and the monomer (M, ~ 290,000) of the
detergent-solubilized, affinity chromatographically purified nicotinic
acetyicholine receptor (nAcChR) of Torpedo californica electrocytes
exhibit different channel conductances and different enzyme proper-
ties.
Patch clamp data of the dimer, reconstituted in large lipid vesicles,
show that the dimsr doubls channel behaves as a 'single channel’, re-
flecting simultaneous, concerted switching of the two constituing mo-
nomeric parts. The vesicle-reconstituted monomer, if prevented from
aggregation, exhibits a channel conductance which is only half of that
of the dimer. The conductance of the reconstituted dimer is the sams,
and shows the same Ca2*-dependence, as the Torpedo receptor
expressed in Xenopus oocytes (Imoto et al., 1986). The comparison
implies that it is the dimer which is the physiological switching unit of
the nAcChR. Both the isclated highly purified monomer and dimer are
associated with AcCh-dependent lipid kinase activity. The dimer ca-
talyzes the formation of phosphatidylinositol phosphates (PIP) in a
much stronger manner than the monomer and, in addition, shows an
AcCh-dependent hydrolase activity for PIP. The fipid phosphorylation
! data analysis in terms of an extended Michaelis-Menten-'Ansatz'yield
keat = 0.25°1and Ky = 10°4 M. The AcCh-dspendence is characte-
rized by the half saturation constant Q = 7(x1)x 108 M (30°C, pH
7.5), comparable to Qa = 3(£1) x 10-8 M characterizing the lower
branch of the AcCh-binding hysteresis. Thus the enzymatic activities
are associated with the dessnsitized receptor forms, presant to 2%
(Ko = 25x 10'2) in the absence of AcCh. In conclusion, the desensi-
tized receptor state, sometimes considered as pathological because
of channel inactivity, is biochemically active. The endogsneous lipid
kinase activity suggests that the desensitized nAcChR can modulate
the signal cascade of the phosphoinositide second messengers. The
hysteretic AcCh-binding endows the signal transduction of-the synap-
tic transmission with memory and learning properties.

Supported by the DFG, SFB 223.
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NICOTINIC RECEPTOR OPTICAL SENSOR AS A DIAGNOSTIC DEVICE

Mohyee E. Eldefrawi
University of Maryland School of Medicine
Dept. of Pharmacology and Exp. Therap., Baltimore, MD 21201

Nicotinic acetylcholine receptor protein isolated from the
electric organ of Torpedo, and immobilized on a quartz fiber
is a sensitive biosensor of a-neurotoxins of snake venoms and
antireceptor antibodies. The density of ingbilized receptor
sites, determined by specific binding of I or fluorescein
isothiocyonate (FITC)-~labeled a-bungarotoxin (a~BGT) was
dependent on reaction time, pH, and concentration of the
receptor protein in the coupling medium. Each fiber carr%ed
an average of 4 pmoles of receptor (i.e. 20 fmol/mm‘)
Detection limits of FITC labeled a~BGT or a~-cobratoxin were in
the pM range. The optical signal was generated by the
fluorescent toxins when they bound to the receptor protein,
that was immobilized on the optic fiber, and excited by the
evanescent wave.

The pharmacological specificity of +the acetylcholine
receptor optical biosensor was investigated using FITC-labeled-
a~BGT, -a-Naja toxin (aq-NTX) or =-a-conotoxin GI. Binding and
dissociation time courses for the FITC-labeled toxins were
markedly different, with association constants (k,y) of 8.4x10°
M~ min™ for FITC~a-BGT, 6.0x10° M™! min™! for FITC-a-NTX and
1 1.4x10° M™! min™! for FITC-g-conotoxin GI. _ The dissociation
constants (k_,) were 7.9%10°° min™!, 4.8x1072 min~! and 8.0x10”
1 I min™! for FITC-a=-BGT, FITC-a~NTX and FITC-a-conotoxin GI,
respect-ively. K; values for d-tubocurarine using the optical
sensor were similar to those reported for radioisotope binding
to the membrane-bound receptor. However, K, values for carb-
amylcholine were 1 to 2 orders of magnitude higher for the
optical sensor. (Supported in part by DOD Grant No. DAAA~15-
89-C~0007) .
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Functional Diversity of Neuronal Nicotinic Acetylcholine Receptors

Jim Patrick, Charles Luetje, Elisc Lamar, Kelly Miller, and Jacques Wadiche

Division of Neuroscience, Baylor College Of Medicine, Onc Baylor Plaza, Houston Texas 77030

A family of genes encodes subunits of the neuronal nicotinic
acetylcholine receptors and homologous proteins. These genes are
expressed in unique but overlapping brain regions and encode similar but
non-identical proteins. Functional nicotinic receptors can be generated
from the pairwise combination of either the beta2 or the betad subunit
with either the alpha2, alpha3, or alpha4 subunits. We have examined the
pharmacological properties of the six receptors thus generated and find
that each has a spectrum of sensitivities to bioth agonists and antagonists
that serve to distinguish them one from the other. We find that both the
alpha and beta subunits contribute to agonist and antagonist specificities
ard that a ligand that functions as an agonist on receptors containing a
betad subunit actually blocks function on receptors composed of beta2
subunits. We propose that this ligand acts as a channel blocker on beta2
containing receptors but not on beta4 containing subunits. We also report
the sequence of a new member of the gene family that we have called
alpha6. The protein encoded by this gene has the contiguous cysteines at
positions 192 and 193 that are hallmarks of the alpha subunits. The alphaé
gene is expressed in a limited number of regions in the adult rat brain
including the habenula and the substantia nigra pars compacta.
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REGULATION OF THE NICOTINIC ACETYLCHOLINE RECEPTOR BY SERINE AND
TYROSINE PROTEIN KINASES

RICHARD L, HUGANIR Howard Hughes Medical Institute, Department of Neuroscience, The
Johns Hopkins University School of Medicine, Baltimore, MD 21205 USA

The nicotinic acetylcholine receptor (AChR) has served as an excelient model for studying
the structure, function, and regulation of neurotransmitter receptors. The AChR is a pentameric
complex of four-types of subunits: a (40 KD), g (50 KD), v (60 KD), and & (65 KD) in the
stoichiometry a£76. Postsynaptic membranes from Torpedo californica are enriched in AChR
and contain at least three different protein kinases which phosphorylate the AChR. cAMP-
dependent protein kinase phosphorylates the + and § subunits, protein kinase C phosphorylates
the § subunit, while a protein tyrosine kinase phosphorylates the 8, «, and § subunits of the
AChR. The proposed phosphorylation sites are clustered together on a homologous domain of
each subunit. The major functional effect of phosphorylation of the AChR by all three protein
kinases appears to be the regulation of the desensitization of the receptor.

The AChR is phosphorylated in rat myotubes by the same protein kinases found to
phosphorylate the AChR in postsynaptic membranes of Torpedo californica. The phosphorylation
of the AChR in muscle cells by protein kinase C is regulated by acetylchioline itself, while the
phosphorylation of the AChR by cAMP-dependent protein kinase is regulated by CGRP
(calcitonin gene-related peptide), a neuropeptide which is a co-transmitter with acetylcholine at
the neuromuscular junction. In addition, phosphorylation of the AChR cn tyrosine residues is
regulated by innervation of the muscle cells. These results suggest that phosphorylation of
neurotransmitter receptors such as the AChR by various protein kinases is an important

mechanism in mediating the effects of several regulatory pathways on synaptic transmission.
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Insect nicotinic receptorsi Functional properties of native
receptors and of a cloned subunit ¢DNA expressed in Xenopus
oocytes

David B. Sattelle?, John Marshalll, Colin A, Leech?, Bai Donglin?, Steven D,
Buckingham?, Mark G. Darlison! and Erle A. Barnard!,

IMRC Molecular Neurobiology Unit, MRC Centre, Hills Rd, Cambridge CB2 2QH, UK.
2AFRC Laboratory of Molccular Signalling, Depariment of Zoology, University of
Catnbridge, Downlng Street, Cambridge, Cambridge CB2 3EJ, UK.

Molecular cloning was performed of a locust (Schistocerca gregaria) central
pervous $ystem nicotinic acetylcholine receptor (nAChR) ¢cDNA encoding an a-typo
subunit with homology to vertebrate neuronal nAChR subunits and possessing the Cys-
Cys a-subunit motlf at a position homologous to 191, Bxpression of the transeribed locust
mRNA in Xenopus oocytes results in a depolarizing response on exposure {0 hicotine
(107 M and above). In vohage-clamp studics, the response to nicotine was antagonized by
both a-bungaroloxin and kappa-bungarotoxin; reversible block of nicotine-induced currents
by d-tubocurarine, tétrasthylammonium, bicuculline and strychnine has afso been
observed. This unusual pharmacology is characteristic of sote Insect neuronal nAChRs,
The results show that an insect a-subunit alone is sufficlent to form a functional nAChR

with a homo-oligomeric structure, which shares some pharmacological propertles with a
native insect nACHR and with some non-caclinergic members of the same ligand-operated
superfamily, This lnsect nAChR may retain some propertics of an ancestral receptor of the
veriebrate neuronal and peripheral nAChRS.

Voltage-clamp studies on cockroach ganglion neurones show that the a-
bungarotoxin-sensitive insect nAChR there s also blocked by dihydro-g-erythroldine,
lophotoxin, lophotoxin analog-1 and ncosurugatoxin, Patch-clamp experiments on
dissociated insect neuronal cell bodies yield three conductances (60-80 pS; 30-40 pS and
20 pS) of which the 30-40 pS conductance is the most abundant. Open times are best fitted
by 2 exponential components. Closed time distributions show greater variation and require
2-4 exponential fits, The molecular basis of these distinet conductance stales remains to be
resolved, but the insect nicotinic receptor formed by a slngle subunit may offer direct
experimental approaches to such questions.
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IDENTIFICATION OF STRUCTURAL DETERMINANTS OF ION FLOW
AND SELECTION IN MEMBRANE CHANNELS BY SITE-DIRECTED
MUTAGENESIS

B. Sakmann, Max-Planck-Institut fiir medizinische Forschung, Abteilung

Zellphysiologie, Jahnstr. 29, D-6900 t1cidelberg, FRG.

By combined usc of complementary DNA manipulation and single channel
current analysis for Torpedo californica nicotinic acetylcholine receptor
(ACHR), we have identifed three clusters of negatively charged and glutamine
residues neighbouring the hydrophobic segment M2, presumably forming
three anionic rings, as major determinants of the AChR channel conductance
for monovalent cations and as sites of interactions with divalent cations. To
gain a better insight for the molecular basis of the weak, but distinct ion
selectivity of this cation channcl, we have measured the conductances and the
penmeability ratios for alkali cations of the mutant AChR channels expressed
in Xenopus laevis oocytes. The results show that mutations in these rings can
alter the conductance and permeablity sequences consistent with the view that
permeant ions come into a close contact with the amino acid residues in the
anionic rings and suggest that the ion selectivity arises from a series of

interactions between permeant ions and the channel wall.
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C¢alcium Permsability and MK-801 Block of the Acetylcholine Receptor
Channel. John A, Dani, Department of Molecular Physiology and
Bibphyulcs,xBaylor College of Medicine, Houston, TX, USA, 77030

For the muscle acetylcholine receptor there is a general picture
that relatas structure and function. Our research has focused on how
the open channel structure governs ion permeation, and an lon
permeation model was developed to describe permeation data based
explicitly on the general structure of the channel, The model helps to
explain, in structural terme, the calcium permeability and the MK-801
inhibltion of nAChR channels.

MK-801 is a potent inhibitor of the NMDA subtype of glutamate
receptors. Our single-channel and macroscopic curronts indicate that
MK-801 also Inhibits nicotinlc acetylchvline receptors. Although there
is a slight inhibition of the closed nAChR, the main action of MK-801
ls to enter and block the apen channel witli a K,(0) of about 7 pM,
which 1s about 40 times higher than the K,(0}) for MK-801 binding to the

. NiIbA receptor. The relative potency of tricyclic compounds like MK~801
for various neurotransmitter eystems points out that the pharmacologic
action of these drugs could involve complicated interactions In vivo.

The calcium permeability of the nAChR was determined using patch-
clamp technigques. The results jindicate that the nAChR channel carries
calciun surprisingly well. With pure 110 mM calcium as the external
permeant cation, the slope conductance of the nAChl is 12 pS, which is
similar to the conductance of the NMDA receptor channel under thege
conditions. Because nAChRs are densely packed at synapses, the calcium

influx at an active synapse could produce a locally high calcium

environment.
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THE CHOLINERGIC BINDING SITE: STRUCTURE AND APPLICATION

i*_Gi *, Yigal Fraenkel*,
Rachel Mosckovitzt, and Bella Ohanat
*Tel Aviv University, *Weizmann Institute of Science, Israel.

The binding site to «-neuro-toxins such as o-bungarotoxin has been
shown to contain the amino acid sequence «-180-200. This short
peptide (synthetic or recombinant) can bind toxins with affinities
similar to those measured for the isolated o.-subunit (Kd=10-7 M)
however, this affinity is about 100 fold less than that of the intact
receptor. A number of questions have be addressed: does this
sequence also partake in the recognition of the cholinergic agonists?
what residues of the region are critical for the binding activity? how
flexible is the site or, how do amino acid changes effect the binding
constants? what is the minimal sequence that can be identified that
continues to bind the ligands with reasonable affinity? are there
similarities between other known sites that recognize common
ligands? Our approack has employed recombinant proteins that are
expressed in E. coli as fusion proteins between the truncated form of
trpE  and a carboxy terminal extension that contains the sequence of
interest,  The fusion proteins are then subjected to biochemical
analyses and to NMR spectroscopy. As a result of our studics the 13
amino acid sequence, a-186-198, has been found sufficient for toxin
binding (Kd=5x10'7 M) and the general requirements of the binding
sitc are more clearly understood. Through selective T1 relaxation, it
is demonstrated that the toxin binding site, binds acetylcholine and
nicotine as well,

Although the mechanism of ligand recognition is still not fully
understood a different question can none the less be tested, namely;
can the recombinant binding site act as a receptor mimic and provide
a therapeutic value? The prospects of the use of such mimics as
molecular decoys will be discussed.
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FUNCTIONAL DOMAINS OF THE ACETYLCHOLINE RECEPTOR
A novel phosphorylation site in position 55362

Ferdinand Hucho, Werner Schroeder, Klaus Buchner, Helmut Meyer*,
Hermann Bayer

Institut f£iir Biochemie, Freie Universitdt Berlin, Thielallee 63,
1000 Berlin 33; tInstitut £ir Physiologie, Ruhr-~Universitit Bochum

The acetylcholine receptor is composed of three main functional
components, (i) the transmitter (and competitive antagonist)
binding domain, (ii) the ion channel, and (iii) regulatory domains.
To detect these domains within the quaternary and primary
structures of the transmembrane protein among others immunological
methods, site directed mutagenesis in combination with patch clamp
electrophysiology and protein chemical methods are applied. We
investigated among the regulatory sites of the receptor the
phosphorylation sites. Rapid and transient phosphorylation of the
receptor was implicated in regulatory phenomena like rapid
desensitization (1). We obtained evidence that the phosphorylation
sites under discussion are stably phosphorylated and are therefore
not available for short-term regulatory events.

The &-subunit of the nicotinic acetylcholine receptor isolated in
absence of protein phosphatase inhibitors contains a total of four
phosphate groups, three of which are ester-bonded to serine
groups, one to tyrosine. We localized these groups within the
primary structure: We found phosphoserine in positions 38361 and
58377, the predicted sites phosphorylated by PKA and PKC,
respectively. In addition we found that 55362 is also
phosphorylated, a residue not shown to be phosphorylated before.
Phosphorylation experiments with the synthetic peptide 3SL357-5K368
showed that phosphorylation of this novel site can be catalyzed by
PRA and PKC. Phosphorylation of this sequence with PKC without
identifying the exact amino acid residue had been accomplished
before (2). 8Y372, the predicted substrate site for a tyrosine
kinase (3), was also found to be loaded with phosphate.

These localization experiments were performed with classical Edman
technologies (4) and for the first time with ion spray mass
spectrometry (5).

References: 1.) Huganir, R.L. & Greengard, P. (1987) TIPS 8, 472-
477. 2.) safran, A. Sagi-Eisenberg, R., Neumann, D., and Fuchs, S.
(1987) J. Biol. Chem. 262, 10506-10510. 3.) Hopfield, JU.F., Tank,
D.W., Greengard, P., and Huganir, R.L. (1988) Nature 336, 677-680.
4.) Meyer, H.E., Hoffmann-Posorske, E., Korte, H., and Heilmeyer,
L. (1986) FEBS Lett. 204, 61-66. 5.) Schroeder, W., Covey, Th.,
and Hucho, F. (1990) FEBS Lett., in press.
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Structure of the acetylcholine receptor

KARLIN, A.

No abstract received
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a=BUNGAROTOXIN AND THE *MPETING ANTIBODY WI'6 RECOGNIZE
DIFFERENT PATTERNS OF AMINO ACIDS WITHIN THE SAME CHOLINERGIC
SUBSITE

Alfred Maellcke*, Sigrid Reinhardt—Maelicke*, Bernd Schrioder*,
Tony Bertazzon**, Xiadong Wu**, Brenda M. Diethelm**,
Bianca M. Conti-Tronconi**

* Institut fiir Physlologische Chemie, Johannes~-Gutenberg=Universitit,
Duesbergweg 6, D - 6500 Mainz, W. Germany.

A* Department of Blochemistry, College of Biological Sciences,
University of Minnesota, 1479 Gortner Avenue, Saint Paul, Minnesota §5108,
USA.

Studying the binding of a-bungarotoxin and three different monoclonal
antibodies able to compete with a~neurotoxins and cholinergic ligands, to a
panel of synthetic peptides as representatlve structural elements of the
nicotinlc acetylcholine receptor (RAChR) from Torpedo, we recently
identified the sequence segments al8l-200 and a55-74 as contributing to
form the cholinergic site (Conti-Troncont et al,, 1990). As a first attempt
to eiucidate the structural requirements for ligand binding to the subsite
‘formed by the sequence al8i-200, we have now studied the binding of a-
bungarotoxin and of antibody WF6 to the synthetic peptide al8l-200, and
to a panel of peptide analogues differing from the parental sequence al8l-
200 by substitution of a single amino acid residue. CD-spectral analysls
of the synthetic peptide analogues indicated that they all have comparable
structures -in solution, and they can therefore be used to analyze the
influence of single amino acid residues on ligand binding.

Distinct clusters of amino acld residues, discontinuously positioned along
the sequence al81-200, seem to serve as attachment points for ‘the two
ligands studied, and the residues necessary for binding of a-bungarotoxin
are different from those cruclial for -binding of antibody WF6. In particular,
residues at positions al88-190 (VYY) and al92-194 (CCP) were necessary for
binding of a-bungarotoxin, while residues Wies, Tie, Yiss and the three
residues at positions al93-195 (CPD) were necessary for binding of WF6.
Comparison of the CD-spectra of the toxin/peptide complexes, and those
obtajned for the same peptides and a=bungarotoxin in solutlon, indicates
that structural changes of the ligand(s) occur upon binding, with a net
increase of the B~structure component.

The cholinergic binding site Is therefore a complex surface area, formed by
discontinuous clusters of amino acld residues from different sequence
regions. Within this relatively large structure, cholinergic tigands bind
with multiple points of attachment, and ligand~specific patterns of the
atltachement points exist. This may be the molecular basis of the wide
spectra of binding affinities, Kinetic parameters and pharmacologic
properties observed for the different cholinergic ligands.
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THREE-DIMENSIONAL STRUCTURE OF THE NICOTINIC ACETYLCHOLINE RECEPTOR:
WHAT THE STRUCTURE OF THE ACETYLCHOLINE RECEPTOR AT 22A RESOLUTION
BY LOW DOSE BELEGCTRON MICROSCOPY AND X~RAY DIFFRACTION TO 12.5A
IMPLIES FOR FUNCTION., LOCATION OF THE MAJOR ASSOCIATED 43kD
CYTOSKELETAL PROTEIN, AND STRUCTURE CHANGE

Robert M. Stroud++
S-960 Department of Blochemistiy and Blophysics,
Universlty of California In San Francisco, CA 94143-0448
(415) 476-4224 FAX 415 476 1902
ABSTRACT

The three-dimensional structure of the nicotinic acetylcholine
receptor (AChR) from Torpedo californica, crystallized both before and
after removal of assoclated proteins, most notably the main 43 kD
cytoskeletal protein that interacts both with AChR and actin, Is
determined to a resolution of 22 A. This Is the first structural analysts
where the 43 kD protein has been removed from the sample prior to
crystallization. Thus 1t provides the most reliable assessment of what
constitutes the structure of the minimal flve subunit AChR complex,
and by comparison with the native membrane, of the location of the 43
kD cytoskeletal protein. Image reconstruction from electron images of
up to = 520 tilted specimens of latticed AChR and hybrid density maps
that include X-ray diffraction perpendicular to the membrane to 12.5

resolution were used,

The actin-binding 43 kD component is closely assoclated with
the liptd bilayer as well as with the cytoplasmic domain of the AChR, It
‘binds beside the AChR. Acetylcholine receptors aggregate in the
absence of any cytoskeletal proteins, suggesting that the AChR alone is
sufficlent to encode and stabilize clustering, and perhaps to do so
during synaptogenests, The main 43 kD component may play a role in
location and rate of assoclation of AChR. The disulfide bond that
crosslinks -9 chains of adjacent pentamers in about 80% of AChR, is
not required to stabilize the lattice of AChR. Latticed tube structures
are stable indefinitely. The lattices described here have 20% less
volume of lipid than those we originally obtalned and charactericed
Kistler,J.and R.M.Stroud. 1981. Proc. Natl Acad. Sci. USA. 78: 3678-
3682., or those subsequently characterized by Unwin et al.

Changes in structure that accompany opening and interaction

with local anaesthetics are discussed in relation to the mechanism of
action of AchR.,
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The nicotinic acetylcholine receptor at the rat neuromuscular
junction: Structure, function, regulation

V. Witzemann
Max-Planck -Institut fiir meslizinische Forschung, Abteilung Zellphysiologie, Jahnstr.29,

D-6900 Heidelberg, FRG

Two acetylcholine receptor (AChR) subtypes exist in mammalian muscle which differ in
their structure, function and subcellular distribution. We have cloned all five AChR subunit
specific cDNAs.Their functional cxpression in Xenopus-oocytes supports the notion that
channels comprised of a-,fi-,y~and d-subunits correspond to the receptors
predominaling during early development and in denervated muscle while channels
comtaining a-,B~,e-, and d-subunits represent the sypaptically localized AChR of the
adult , innervatcd muscle.During development the AChR subunit specific nRNA levels
change in a characteristic manner indicating that all subunits are regulated differentially.
Both myogenic factors as weil as signals linked to the electrical activity of the muscle
regulate the expression of the two AChR subtypes. Experiments were conducted to
differentiate between the signals of “neural”or “muscularorigin: The effects of dencrvation
or muscle inactivation using neurotoxins which block neuromuscular signal transmission at
different synaptic sites reveal that extrasynaptic AChR mRNAs are strongly regulated by
muscle activity, The accumulation and maintenance of AChR mRNA ai the synapse ,
however, is mediated by neural signals.Genomic DNA fragments of the y- and €~ subunit

genes were isolated to analyze mechanisms regulating AChR expression at the tevel of the

genes. The experiments suggest that myogenic factors such as MyoD1 control the y~ and

€~ subunit genes in a differential manner.




Expression and in vivo
butyrylcholinesterage genes

Soreq, H.

No abstract recelved

amplification of human acetylcholinesterase and
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Cholinesterases and cell surface glycoconjugates in the chicken neural tube: a new

look at presynaptogenetic neuronal specificity.

Paul G. Layer

Max-Planck-Institut fir Entwicklungsbiologie, Spemannstr. 35/1V, D-7400 Tibingen, FRG.

The role of acetylcholinesterase (AChE) in neurotransmission is well known. But long be-

fore synapses are formed in vertebrates, AChE is expressed in young postmitotic neuro-

blasts that are about to extend the first long tracts. AChE histochemistry can thus be used

to map primary steps of brain differentiation. Preceding and possibly inducing AChE in

avian brains, the closely related butyrylcholihesterase (BChE) spatially foreshadows AChE-

positive cell areas and the course of their axons. In particuler, before in the trunk spinal
motor axons grow out, their corresponding rostral sclerotomes and myotomes express

BChE, and both their neuronal source and myotomal target cells express AChE (ref. 1).

Similarly in the head, cholinesterases preceds the outgrowth of cranial nerves from

segmented rhombomeres.

Whereas BChE demarcates areas of positive neurite growth, the peanut lectin (PNA)

binding specifically to sugar moieties of cell surface glycoconjugates, labels matnces that

are void of nsurites. This will be demonstrated for the caudal halves of the sclerotomes, for

the mesenchymal matrix that embeds cranial nerves, and-for the radial neuroepithelial

borders that separate individual rhombomeres from each other (ref. 2). The possible

functions of cholinesterases and of PNA-binding glycoconjugates in attracting or retracting

growing neurites, respectively, will be briefly discussed.
References:

1. Layer, P.G., Gioessays 12(9), September 1990.

2. Layer, P.G. & R. Alber (1990) Development 109, 613-624.
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search Directions Emevging from the Styucture of Acetvlcholinesterase and its
Gene. Palmer Taylor, Department of Pharmacology, University of California, San
Dlego, La Jolla, CA 92093

The cloning of the genes encoding the various cholinesterases, initially
from Torpedo and now in several other species, has ptovided a structural
framevork for examining residues and domains in the enzyme critical for
catalysis, inhibitor susceptibility and Jlocalization within the cell.
scetylcholinesterase (AChE) gene structure has also shown that alternative mRNA
processing is responsible for the biosynthetic divergence of the major molecular
species (asymmetric or A) and the glycophospholipid containing (amphiphilic 6)
specfies in Toxpedo. These counclusions are now buttressed by studies of
expression of the ¢DNA’s encoding individual enzyme species. Both of these
classes of molecular forms of the enzyme exist in neurons and muscle of fish and
amphibians, but the glycophospholipid form appears largely confined to hemopoetic
cells in mouse.

Current reseaxch in our laboratory has employed transient transfection of
cDNA‘s encoding the glycophospholipid~containing form of Torpedo AChE, the
predominant brain species of murine AChE, and murine butyrylcholinesterase. This
approach has defined residues critical to proton transfer within the active
center, nucleophilicity of the serine and substrate inhibition. By deletion and
exchange of the third exon in the open reading frame, it has been possible to
alter the cellular disposition of the enzyme when expressed in COS cells.
Expression in the $podoptera-baculovirus system allows for production of large
quantities of AChE and its mutant forms.

Analysis of the genomic sequence has also provided several leads into
mechanisws of regulation of AChE expression and it is likely thatv conserved base
sequences will prove important to detailing critical nucleic acid domains.
Although certain differences in gene organization have been detected between
Torpedo and mammals, the general features of the exon-intron junctions and
alternative mRNA processing are preserved. The Torpedo AChE gene contains AP-1,
AP-2 and a partial myo D cis elements which are subject to regulation when
inserted into synthetic constructs, The gene also contains inverted repeat
sequences in the 3' untranslated regions of the alternative exons encoding the
two major spacies of enzyme. While the influence of such sequences in the
control of AChE expression during development and tissue differentiation remains
to be determined, transfection studfes show a potential role for both
transcriptional and translational regulation of gene expression.
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Acetylcholine receptor gene expression in experimental autoimmme myasthenia
gravis

Sara Fuchs, Omma Asher, Veil Witzemann* and Drorit Neumann. Department of
Chemical Ymmunology, The Weizmann Institute of Science, Rehovot, Israel, and
*Abteilung Zellphysiologie, Max-Planck-Institut flic Medizinische Forschung,
Heidelbery.

The nicotinic acetylcholine receptor (AChR) has been shown to be a major
autoantigen in myasthenia gravis (MG) and its animal model, experimental
autoimmune myasthenia gravis (EAMG). Humoral and cellular anti-AChR immune
responses are observed in myasthenia, and are acocompanied by receptor loss.
In an attempt to elucidate the molecular mechanisms underlying the induction
of EAMG and subsequent decrease in AChR, we have addressed the question
whether AChR gene expressicn is altered in myasthenic animals. Rabbits,
mice and rats were injected with purified Torpedo AChR in order to induce
EAMG. Davelopment of antibody and EAMS were followed, and AChR loss as well
as AChR gene expression were analyzed. An increase in AChR transcripts was
demonstrated to be exclusively associated with myasthenic symptoms and with
a severe loss in membrane AChR. An increase of «-,8-, €-, and é- subunit
specific mRNAs (5.2, 1.6, 3.2 and 3.7 fold, respectively), which code for
the adult type of AChR (x,3cé) was observed in EAMG in rats. The ¥~subunit
transcript was not detectable in myasthenic or healthy rats. It appears
that the regulatory control of AChR gene expression in EAMG is different
from that observed upon denexvation.
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MOLECULAR BIOLOGY OF THE HUMAN ACETYLCHOLINE RECEPTOR

Angela Vincent, David Beeson, Gillan Harcourt, John Harrison and John Newsom-Davls.
flali°hialbubich-id )

Department of Clinlcal Neurology, Institute of Molecular Mediclne, Oxford,

The acetylcholine receptor at the neuromuscular Junction Is the target for autoantibodles In
myasthenla gravis (MG), and may be invol\lled In some forms of congenital or Inherited

neuromuscular disorders.

We have isolated cDNA clones for the human a, B, y and & subunits, and part of the €
subunlt, The genes coding for the a and & subunils have been locallsed on chromosome 2 and the

B subunit on chromosome 17,

The human AChR a subunit exists as two Isolorms, one of which Includes a 25 amino acld
Insert encoded by a previously unreported exon localed between exons P3 and P4, which we have

termed P3A.

The cDNAs are being used to detect polymorphisms wilhin the human genes, in healthy
Individuals and In those with Inherited forms of myasthenla, and to generate recomblnant

polypeplides In & coli to help In our studies of the autolmmune response.

MG and experimental (mouse) anti~AChR antibodies are of high affinity, and bind to several
reglons on the extraceliular surface of the molecule. In contrast, mice Immunised agalnst
recomblnant a subunit make antibodies that are mostly directed towards determinants within the
cytoplasmic domain  Recombinant polypeplides have been used to stimulate and clone T

lymphocytes from MG patlents and from control Individuals. The T cell epitopes involved are being

mapped using smaller recombinants and synthetic peptides.
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Blectrophysioiogical properties of five dAifferent avian
nauronal bAChRs expressad in Xenopus ooocytas.

M. Balljvet, S. Couturier, J.-M. Matter, L, Erkman, M.-C.
Hernandez, S. Valera, 8. Bertrand*, and D. Bertrand”.
Department of Biochemistry and *Physiology (Medical 3School),
University of Geneva, 1211 Geneva 4, Switzerland.

cDNAs and genes encoding six neuronal nAChR alpha subunits
(a2 to a7) and three non-alpha subunits (nal to na3) have
been cloned from chicken CNS and PNS cDNA libraries and from
a chicken genomic library.

Using an improved and simplified DNA injection procedure,
we examine and compare the responses to ACh of the four
pairwise combinations o3/nal, e3/na3, ad/nal, and a4/nad in
voltage clamped oocytes. We find that receptors assembled
from a3 are much less sensitive to ACh and desensitize more
rapidly than those formed with a4, In addition, we f£ind that
na3 confers a lower ACh sensitivity to both a3~ and ad-
containing receptors. We argue that "ganglionic" receptors
are likely to assemble from a3 and na3 because a3 and ha3
transcripts are readily detected in neurons of the PNS and
because the reconstituted a3/na3 channel has typical
ganglionic ACh sensitivity and desensitization properties.

a7, the most recently isolated neuronal nAChR subunit, has
fascinating properties. In oocytes, it assembles into a
functional homo-oligomeric nAChR which is i) blocked by oBTX
(1Cgq 0.7 nM), 1ii) more sensitive to nicotine (Ecg, 11 pM)
than to ach .(ECgy 110 M) and, iii) desensitizes very
rapidly at elevated Ach concentrations. As a7 transcripte in
the developing avian optic tectum accumulate in accord with
aBTX binding activity and as an a7 bacterial fusion protein
binds aBTX efficiently, we conclude that some and perhaps
all of the saturable, high-affinity oBTX binding activity in
the vertebrate nervous system consists of heretofore
unrecognized naAchRs.
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The structure, function and expression of the brain nicotinic and glutamate
receptor families
HEINEMANN, S.

No abstract reccived
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SEQUENTIAL EVENTS DURING NEUROMUSCULAR SYNAPTOGENESIS.

80 (X}

J. Koenig®, J. Chapron®® and J. Vaillier
Jaboratoire de Neurobiologie cellulaire, Université Bordeaux TT°,

C.N.R.S.°°, Avenue des Facultés, 33405 Talence, France.

During embryogenasis neurong, Schwann cells and muscle cells
are tighly juxtaposed and interact for synapsc formation and synap-
ge maturation,

Cocultures of gpinal cord ncurons and muscle cells taken {rom
rat embryos were used for in vitro reproduction of embryonic synap~
ses, This system did not display the synaptic maturation characte-
ristics of post natal development: decreased multiple innervation
and the presence of developed subneura)l apparatus. Studies on cul-
turcs consisting of 3 cell types (muscle cells, nerve cells, Schwann
ceils), or on cocultures (muscle cells, nerve cellsg), in the presen-
or abgence of a monoclonal antibody (6.17) directed against an anti-
gen from Schwann cells, have shown that the Schwann cells play a ro-
le in synaptic maturation, (The synapses were vigualised for optical
microscopy by co-localisation of acetylcholinesterasc(AChE) spots
and acetylcholine receptor (AChR) clusters.)

The resulcs indicute that: (1) the synoptic population decrea-
sed when Schwann cells were added to muscle/neuron cocultures, and
increased when antibody 6.17 was present in the coculctures. (2) In
two-cell cocultures (muscle/ncuron) we could observe scveral synap-
ses on a myotube, and in 3-cell cocul tures (muscle/neuron/Schwann
cell) we saw only one gynapse for a similar length of myotube.
(3)5ynaptic maturation as well as the colocalisation of AChR and
antibody 6.17 were only noted when the 3 cell types werc present.

This suggests that Schwann cells express one or more signals
necessary for the deseappearance of multiple jinnervation and for
synapse maturation,

Antigen 6.17 has been purified and characterized,
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THE CALCIUM-DEPENDENT ACETYLCHOLINE RELEASER MEDIATOPHORE MAY
BELONG TO A NEW FAMILY OF CATION-TRANSLOCATING PROTEINS.

S. BIRMAN, F.M. MEUNIER, S. O'REGAN, B. LESBATS and M. ISRAEL.

bpt Neurochimie,

C.N.R.S., 91198 G

The mediatophore
ted from Torpedo
data argue for a
of acetylcholine
PAGE of purified
fied. hAmino-acid

Lab. Neurobiologie Cellulaire et Moléculaire,
iLf-sur-Yvette cedex, France.

is an oligomeric transmembrane protein isola-
electric organ synaptosomes. Several lines of
direct role of this protein in the mechanism
release (see abstract by M. Israél). Upon SDS
mediatophore, a doublet at 15 kDa was identi-
sequencing after CNBr cleavage gave a 17-

residue long peptide, allowing gynthesis of a 51-mer oligodeo-
xynucleotide. A library of Torpedo electric lobe chNAs was
constructed in AZap II and screened with this probe. A positi-
ve recombinant clone was isolated and found to encode the com-
plete sequence of a 15.5 kDa protein, and this was confirmed
by in vitro translation of sense RNA lranscripts of the clone.
The peptide presents sequence homology with thebovine chromaf-
fin granule or yeast vacuolar ATPase proteolipid, a 23 kDa

yeast protein of

unknown function, and a 16 kba protein co-

isolating with bovine brain gap -junctions. In Torpedo, high
levels of expression of the 1.3 kb mRNA encoding the mediato-
phore subunit were only found in nervous tissues.
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Pharmacalogical disklaet ton of cholinerqie proceswes at nerve terminal  nsing
cetiedll analogs.

Diebler M.FXMorot-Gaudry YX Lancelot J.c X Robba M.*mo:gat 3. LM srasl u*

* Laboratoire de Neurobiologle Cellulaire et moléculalre.CNRS.GIf sur Yvette,France.

*+ UER des Sclences Pharmaceutiques.Université de Caen.Caen.France.

+x#+ Service de Biochimie.Dépt de Biologie.CEN Saclay.Gif sur Yvette.France.

In cholinergic nerve terminals,two essential physiological functions are dependent
on acetylcholine (ACh) fluxes: I-translocation of ACh to the presynaptic cleft,as
the last event of presynaptic transmisslon 2-translocation of cytoplasmic ACh into
the synaptic vesicles where the transmittﬁk is concentrated.hnother related process
1s the presynaptic choline transport.

The present study ailmed to compare the pharmacological properties of these three
cholinerqic functions,studied on synaptosomes and synaptic vesicles isolatec from
the electric organ of Torpedo.Among the drugs tested,two were highly specific for
one function : vesamicol for vesicular ACh transport , hemicholinium-3 for high
affinity choline uptake. Other compounds such as cetiedil have been shown to be
less specific since they affect all three functions.In fact,cetiedil resembles

ACh with a cumbersome end and on kinetic studies of vesicular ACh transport it was

shown to act as a competitive inhibitor.A seriesof cetiedil analogs was then synthezised

and a pharmocological pattern of choline uptake,evoked ACh release and vesicular
ACh transport has been established.Some drugs that block vesicular ACh transport
were shown either to be ineffective on evoked ACh release or nven to potentiate it.
Cholipe uptake has still a different pattern.

Tritiated vesamicol and cetfedil are currently being used as high affinity ligands

on presynaptic and vesicular membranes.




CAPACITANCE CHANGES DURING EXO~ AND ENDOCYTOSIS

IN SINGLE VERTEBRATE NERVE TERMINALS

Manfred Lindau! and Jean Nordmann?

1 Abt. Biophysik, Fb Physik, Freie Universitidt, Arnimallee 14,
D-1000 Berlin 33, FRG.

2 Centre de Neurochimie, CNRS, S rue Blaise Pascal
F-67048 Strasbourg, France

We have monitored capacitance changes associated with exocytosis and
endocytosis in single isolated nerve terminals using time-resolved patch-
clamp capacitance measurements in the ‘whole~terminal configuration.
These experiments directly demonstrate fusion of large numbers of
granules in response to depolarisation under voltage clamp. The fine
structure of the capacitaance changes suggest the Ffusion of individual
granules with the plasma membrane as well as reversible fusion events of
large vacuoles.

In cells which were heavily stimulated by prolonged depolarisation large
ON and OFF steps were observed which apparently represent exo- and
endocytosis of large vacuoles. During fusion of such a large vacuole a
short 1lived state with a narrow fusion pore of ~ 1 nS conductance could
be observed preceding the long lived fused state with a wide fusion pore.

' When terminals are loaded with fura~2 in the ‘whole-terminal’ patch-clamp

configuration, the intracellular calcium concentration increases with a
half time of 500 - 800 ms in response to depolarisation and may stay
elevated for minutes, The capacitance measurements demonstrate that exo-
cytotic granule fusion may continue for many seconds during prolonged
depolarisation. Elevation of intracelluiar calcium in the absence of
depolarisation also induces granule fusion indicating that the membrane
potential change is not essent:ial in stimulating exocytosis. These ex-
periments directly demonstrate the correlations between depolarisation,
intracellular calcium and exocytosis in nerve terminals. However, the
details in the time course of exocytosis and intracellular calcium
suggest that the calcium at the plasma membrane, rather than the bulk
intracellular calcium appears to be the essential regulator of exocytotic
granule fusion.
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VAT-1, A Membrane Protein of Symaptic Vesicles from Marine Rays -
A Structural Analysis

Michal Linial® and Richard H. Scheller*

* Dept. of Biological Chemistry, The Hebrew University, Jerusalem, Israel
91904

~ Dpept. of Biological Sciences, Stanford University, Stanford, CA 94305

VAT-1,
electric lobe cDNA library.

a synaptic vesicle membrane protein, was isolated from Torpedo
The RNA is specifically expressed in the
electric lobe of marine rays and to a much lesser extent in other parts of
the brain. No expression is detected in non-neural tissues. The product is
an abundant 41 kDa protein of the cholinergic synapse, specifically located
A small amount (15-20%) of VAT
protein is located to the plasma membrane (Linial et al., 1989,
1265-1273).

The topology of VAT-1

within the membrane of synaptic vesicles.

Neuron 2,

within the membrane was studied by applying a
combination of proteases digestion on intact purified synaptic vesicles .and
probing the digested products by specific antibodies. This analysis
revealed an in/out topology within the vesicular membrane. The prutein
carboxyterminal tail faces the lumen while the aminoterminal portion faces
the cytoplasm, This aminoterminal of the protein is very hydrophilic and
shares a significant similarity (67% similarity over 32 amino acids) to
Ca** binding domain of Calmodulin.

The native form of VAT-1 was analysed and its hydrodynamic properties
were determined.

FPLC, VAT-1

As revealed by glycerol gradient and by gel filtration on
in its native form is part of a large protein complex of about
180 kDa, which is composed of repeated units of the 41 kpa protein. By
cross-linking solubilized vesicles membranes by gluteraldehyde, the native
form of VAT protein in the complex was confirmed, each complex is composed
of 3-4 subunits of M1

kDa protein. An immunoprecipitation of iodinated

synaptic vesicles membranes resulted in co-precipitation of VAT-1 and an
additional 34 kbDa protein which represents an abundant specific protein in
Torpedo synaptic vesicles.

The protein complex of VAT-1 is copurifiel with an ATPase activity.
This activity shares some properties of the vesicular ATPase P type.
Partial depletion of this ATPase activity from the solubilized synaptic
vesicles membranes was obtained by antibodies against VAT-1. We are further
exploring the function of VAT protein and its interplay with other

components of the vesicular membrane.
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Characterization of a novel protein of synaptic vesicles

MARQUEZE~-POUEY, Béatrice

No abstract received
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Synaptoporin: A novel putat

KNAUS, Petra

No abstract received

ive channel protein of synaptic vesicles
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DIFFERENT EFFECTS OF GABA 5-BENZODIAZEPINE RECEPTOR LIGANDS ON
THE IN VITRO ACETYLCHOLINE RELEASE IN CORTICAL SLICES AND
SYNAPTOSOMES

Mertens, N, B., Turner, J. D.; Research Laboratories of Schering AG, Berlin

Abstract

Alzheimer's disease is a progressive disorder involving deterioration of intellect, memory and
personality, There is considerable evidence implicating cortically- and hippocampally-projecting
cholinergic systems located in basal forebrain in leaming and memory processes, although their
roles have not been clearly defined. The functional integrity of these systems declines with age
and they are severely affected in Alzheimer's discase. Therapeutic approaches involving direct
manipulation of cholinergic neurotransmission have not been successful. An alternative
approach may be-to manipulate cholinergic transmission indirectly, possibly by reducing the
efficacy of gabaergic inhibition. This may occur at the soma level in basal forebrain, or at the
terminal level, by influencing presynaptically located receptors. Some studies have reported
interactions between cholinergic and gabaergic systems in the basal forebrain complex. In
particular, benzodiazepine receptor agonists have been shown to reduce the efficacy of
cholinergic transmission. Compounds acting as antagonists or inverse agonists at-the BDZ-
receptor may therefore have facilitating effects on cholinergic transmission. To study the effects
of such compounds, the in vitro [3H]-ACh release from frontal cortex slices and cortical
synaptosomes was investigated and compared.

GABA, and BDZ-receptor ligands influenced the in vitro [3H]-ACh release from cortical
synaptosomes and slices. In contrast, in our hands, these compounds did not effect the [3H]-ACh
release from hippocampal and striatal slices. The results obtained with cortical preparations
showed that the GABA 5 receptor agonist, muscimol, dose-dependently inhibited the (K-
elicited release of [3H]-ACh. This small but consistent reduction (to approx. 80% of control
level) is postulated to be due to a chloride shunting mechanism following GABA 4 receptor
activation. In keeping with this hypothesis, BDZ-receptor agonists (Diazepam, ZK 93423)
enhanced and BDZ-receptor inverse agonists (DMCM) antagonized muscimol effects in cortical
synaptosomes and slices. BDZ-receptor antagonists (ZK 93426, Ro 15-1788) and partial inverse
agonists (FG 7142; CGS 8216; Ro 15-4513) also influenced the [3H]-ACh release, They
antagonized the muscimol induced reduction in [K*]-stimulated [3H]-ACh release from cortical
slices, while having no (ZK 93426; Ro 15-1788) or the same effect (Ro 15-4513) on [3H]-ACh
release from cortical synaptosomes. It is possible that these differing effects of BDZ-receptor
antagonists and partial inverse agonists on the [3H]-ACh release in cortical slices and
synaptosomes are mediated by GABAA-BDZ-receptor subtypes. This points to a local,
presynaptic modulation of ACh release mediated by gabaergic interneurons in cortex. These
presynaptically located BDZ-receptors could constitute targets for cognition or vigilance
enhancing antagonists or partial inverse agonists.
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Neurotransmitter distribution and content analysis in the rat brain

BURGER, Peter

No abstract recelved
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Veslcular amino aclq uptake: characterfzation and reconstitution
MAYCOX, Peter

No abstract recelved
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EXPRESSION OF HIGH AFFINITY SODIUM DEPENDENT CHOLINE
TRANSPORT IN XENOPUS OOCYTES INJECTED WITH TORPEDO
ELECTRIC LOBE mRNA

S. O’Regan, S. Birman & F.M. Meunier

Département de Neurochimie

Laboratoire de Neurobiologie Cellulaire et Moléculaire
CNRS 91198 Gif-sur=Yvette FRANCE

During culture, Xenopus laevis oocytes developed the
capacity to accumulate choline by an apparently high affinity
mechanism., Endogenous choline uptake was not changed wupon
addition of 105 M hemicholinium-3 or when Li* replaced Na* in
the medium, indicating that this transport mechanism Is
independent of sodium.

Oocytes injected with electric lobe poly (A)* mRNA from
Torpedo marmorata showed an additional component of choline
uptake that was sensitive to a low concentration of hemicholinium-
3, and whose presence could only be revealed in the presence of
a high concentration of sodium, thus resembling choline transport
by the cholinergic transporter from electric organ nerve terminals.

These results suggest that high affinity choline uptake may
occur by two different mechanisms and are consistent with the
hypothesis that the neuronal choline transporter uses the sodium

gradient to translocate choline.
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THE STIMULATION-DEPENDENT EFFECTS OF (-)-VESAMICOL ON MINIATURE
END-PLATE CURRENT AMPLITUDES IN THE CUT RAT HEMI-DIAPHRAGM

Sear! T., Prior C. & Marshall LG, Department of Physiology and Pharmacology,
University of Strathclyde, Glasgow, G1 1XW, Scotland, U.K.

()-Vesamicol inhibits the uptake of acetylcholine (ACh) into isolated synaptic vesicles from the
Torpedo electric organ. Biochemical studies have shown, in a wide variety of preparations, that
vesamicol inhibits the release of newly synthesised ACh with little or no effect on the release of
previously loaded ACh (for review see Marshall & Parsons, 1987). (-)-Vesamicol therefore represents
a potentially powerful agent for investigating the recycling and release of quanta at the
neuromuscular junction. We have previously reported that stimulation at 10 Hz for 5 min in (-)-
vesamicol results in the production of a bi-modal distribution of miniature end-plate current
(MEPC) amplitudes consisting of both a pre-stimulation amplitude population of MEPCs and a
population of smaller amplitude MEPCs whose amplitude is dependent on the concentration of (+)-
vesamicol {(Marshall, Prior & Searl, 1990). We have now investigated the stimulation-dependence of
these two populations, End-plates were voltage-clamped at -55 mV., A two mirute recording was
made of the pre-stimulation MEPCs. Following this, the nerve was stimulated for 1 min periods at
10 Hz. Between each successive period of stimulation, a two min recording was made of the post-
stimulation MEPCs. This protocol was repeated until the preparation had received a total of 10
blocks of stimulation. In control experiments, stimulation had no effect on MEPC amplitudes.
However, in the presence of 100 nM ( )-vesamicol, stimulation caused a progressive reduction in the
mean MEPC amplitude. In addition to a reduction in the mean amplitude of MEPCs, the
distribution of MEPC amplitudes also changed with stimulation. Following 3 - 4 blocks of
stimulation, MEPC amplitudes had distinct bi-modal distributions, consisting of both pre.
stimulation amplitude MEPCs and a population of smaller amplitude MEPCs. With continued
stimulation, the numbers within the small-mode MEPC population increased, whilst the numbers of
pre-stimulation amplitude MEPCs became reduced. Following 8 - 9 blocks of stimulation, the
reduction in MEPC amplitude approached a plateau, only a small number of pre-stimulation
amplitude MEPCs remained and MEPC amplitudes were well fitted by single Gaussian
distributions. These results are consistent with our previous suggestion (Marshall, Prior & Searl,
1990), that the small-mode MEPCs seen following stimulation in the presence of 100 nM (-)-
vesamicol, represent recycled quanta whose filling has been inhibited by the presence of vesamicol,
while the normal-mode MEPCs represent pre-formed quanta. These observations represent further
evidence in support of the vesicular hypothesis of neuromuscular transmission,

Work supported by a project grant from the Wellcome Trust.

MARSHALL, LG. & PARSONS, S.M. (1987). The vesicular acetylcholine transport system. Trends in
Neuroscience 10, 117:4-1177,

MARSHALL, 1.G., PRIOR, C. & SEARL, T. (1990). The effects of (-)-vesamicol on miniature end plate
current amplitudes in the rat hemi-diaphragm. J. Physiol. (Lond.) 424, 52P.
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THE PANCREATIC ACINAR CELL LINE AR42J IS AMPHICRINE: COMBINED
EXPRESSION OF EXOCRINE AND NEUROENDOCRINE PROTEINS

N. Harth, S. Rosewicz, D. Vogt, E. Schweitzer* and B. Wiedenmann

Department of Internal Medicine, Division of Gastroenterology,
Klinikum Steglitz, Free University of Berlin Medical School,
D-1000 Berlin 45, Hindenburgdamm 30

*Department of Anatomy and Cell Biology, University of California
Medical School, Los Angeles, 900 Veteran Ave, CA 90024-1786, USA

The permanent cell line AR 42J, derived from a rat pancreatic
acinar carcinoma, is widely used and considered to be a useful in
vitro system for exocrine cell function. While detailed data on
the cytoskeletal and secretory membrane components are still
lacking, it is assumed that these zymogen granule containing cells
are of epithelial differentiation. We now present evidence that
AR42J cells are clearly epithelial cells and express polypeptides
characteristic of the exocrine as well as the neuroendocrine
phenotype. As determined by immunohistochemistry and biochemical
analysis, these cells contain an extensive meshwork of bundles of
cytokeratins, equivalent to human cytokeratin polypeptide Nos. 8
and 18. Other intermediate filament proteins were not found. 1In
addition, immunofluorescence microscopy, Western and Northern blot
analyses with monospecific antibodies and cDNA probes for SV2 and
synaptophysin showed an expression pattern of these neuroendocrine
markers that is characteristic of the neuroendocrine phenotype.
Biophysical characterization of subcellular fractions
immunoreactive for synaptophysin revealed particles similar in
size and density to presynaptic vesicles known to contain
synaptophysin as a major membrane component. Glucocorticoids
known to increase the synthesis of zymogen granules did not affect
neuroendocrine vesicle expression as determined by quantitative
dot immunoasssay and Northern blot analysis for synaptophysin. In
summary, the pancreatic AR42J cell represents the first permanent
cell line with combined features of exocrine and neuroendocrine
phenotypes, i.e. coexpression of zymogen granules and small
neurcendocrine vesicles. These findings support the hypothesis of
free interconversion of exocrine and endocrine cells.
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The Monoclonal Antibody 2G8 is Carbohydrate Specific and
Distinguishes between Diffexent Forms of Veriebrate Cholinesterases

Jian Liac, Harald Hcider, Man-Chi Sunt, Susi Stieger and Urs_ Brodbeck

Institute of Biochemistry and Molecular Biology, University of Bern, CH-3012, Bern,
Switzerland and }Institute of Pharmacology and Toxicology, Beijing 100850, China

An inhibitory monoclonal antibody (mAb} 2G8 (subclass IgGaa),
raised against acetylcholinesterase (AChE, EC 3.1.1.7) from electric
organ of Torpedo nacline timilei, crossreacted with AChE from
Torpedo marmorata, electric eel, flounder (Platichthys flesus) body
muscle, rat brain, bovine brain and human brain, suggesting that the
epitope to which mAb 2G8 bound, had been highly conserved during
evolution. No crossreaction was found with AChE from human and
bovine erythrocytes, nor with butyrylcholinesterase (BtChE, EC
3.1.1.8) from human serum. Binding of mAb 2G8 to the globular G2-
form of AChE from Torpedo marmoruta strongly decreased enzyme
activity, while no significant inhibition was found-with either collagen-
tailed, asymmetric forms, or with the enzymes from flounder body
muscle and from mammalian sources. The possibility that mAb 2G8
bound to anifonic sites of AChE could be excluded since neither
edrophonium chloride nor decamethonjum bromide influenced the
binding of 2G8 to the enzymes. Enzyme-linked immunose bent assay
and western blot showed that heat denatured, DFP-treated, CNBr and
trypsin digested AChE from Torpedo marmorata still reacted with
mAb 2G8, indicating that the epitope to which 2G8 bound at least
partially belonged to a continuous determinant. Treatment of
cholinesterases with N-glycosidase F abolished crossreaction with

2G8 showing that an essential part of the epitope consisted of N-
linked carbohydrates.
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EXPRESSION OF ACTIVE TORPEDO CALIFORNICA ACETYL.
CHOLINESTERASE IN INSECT CELLS

(36ran Bucht and Karin Hjalmarsson
Dept of Cell and Microbiology, National Defence Rsearch Establishment
$-901 82 Umed, Sweden.

The enzyme acetylcholinesterase (acetylcholinhydrolase, AChE) plays an
important role in the cholinergic mechanism by hydrolysing acetylcholin. To
get insight, at a molecular level, of the structure/function of the enzyme a
molccular approach would be of interest. Complementary DNA (cDNA)
clones from a Torpedo californica Agt10 cDNA library (1) encoding AChE
have been identified by hybridisation with oligonucleotides complementary
to a previously cloned AChE gene (2). Several cDNA clones were isolated
and sequenced. To a clone encoding the mature form of AChE
oligonucleotides were fused to form hybrid constructs encoding secreted and
mature forms of the cnzyme. A hybrid AChE construct, in which the mature
form of AChE is preceded by the signal peptide of Torpedo marmorata
AChE, was cloned into the Baculovirus cloning vehicle pAc373 (3). This
plasmid was cotransfected with wild-type Baculovirus DNA into Spodoptera
frugiperda cells and recombinant virus carrying the AChE gene were iden-
tified by filter-hybridisation and isolated. Purified recombinant-virus clones
were multiplied and used for infection of S. frugiperda cells. Infected cells
were harvested 2-4 days following infection and cell extracts were analysed
by enzyme activity measurements and immunoblotting, The localisation of
AChE was analysed by electronmicroscopy and immunofluorescens labeling,

References:

1. Claudio et al, 1983. Proc Natl Acad Sci USA 80: 11111115,
2. Schumacher et al, 1986. Nature 319; 407-409.

3. Luckow et al, 1988. Bio/Technology 6: 47-55.
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Exclusion of the Asp70-->Gly substitution
in human BCHE from correlation with tumorogenicity
by PCR-RFLP autoradiography

Gal Ehrlich*, balia Ginzberg*, Lewis Neville-*,
Yaron Lapidot~Lifson*”, Haim Zakut™ and Hermona Soreq*

“Dept. of Biological Chemistry, The Life Sciences Institute, The Hebrew
University of Jerusalem,Jerusalem 91904 Israel.

“Dept. of Obstetrics and Gynecology, The Edith Wolfson Medical Center
Holon, Israel, The Sackler Faculty of Medicine, Tel Aviv University, Israel

Abstract

Substitution of Asp70 by Gly in human butyrylcholinesterase (BCHE) has been
found in DNA from individuals with the "atypical" BCHE phenotype (McGuire et al.,
1989) and from glioblastoma and neuroblastoma tumors (Gna'tt et al, 1990), raising
the gquestion whether this particular variation in the BCHE gene is correlated
with tumorogenicity. To answer this question, the appearance of the mutaticn
causing the Asp70 --> Gly substitution was pursued in DNA samples from various
tumors and blood cell disorders where awvuormalities in the BCHE gene were
previously found as compared with samples from individuals with no record of
tumors or BCHE abnormalities. For this purpose, the fragment of the BCHE gene
including this site of substitution was amplified in vitro by the polymerase
chain reaction (PCR) and the resultant DNA was subjected to enzymatic restriction
with SauIIIA, which digests the "usual” BCHE gene but not the “atypical” one. End
labeling of the SauIIIA restriction fragnents with [32P], followed by
polyacrylamide gel electrophoresis, enabled their detection by autoradiugraphy
with high resolution and sensitivity, creating an informative pattern of
restriction fragment length polymorphism  (RFLP) characteristic of this
substitution.

Using this PCR-RFLP autoradiography method, a heterozygous A-->G alteration
disrupting this informative SauIIIA site was detected in PCR-amolified BCHE DNA
from four different sources, out of 32 samples which were examined (14%). These
included the previously characterized glioblastoma and neuroblastoma tumors, a
benign ovarian cyst and peripheral blood cells from an individual with amplified
BCHE gene who was exposed to parathion. In contrast, this mutation was not
observed in 5 different samples of glioblastoma multiform, 6 ovarian carcinomas,
10 peripheral blood cell samples -from hemopoietic disorders and 7 samples from
individuals with occupational exposure to organophosphorous (OP) poisons, history
of post-anasthetic apnea in the family or no clinical records. Altogether, 13
DNA samples with amplified BCHE genes did not display this variation.

Recombinant variant serum BCHE produced in microinjected oocytes and serum
BCHE in individuals which were thus found to carry the mutation responsible for
tne Asp70-->Gly substitution was found to be equally resistant to inhibition by
succinylcholine and the naturally occuring alkaloid solanidine, while "usual"
BCHE was sensitive to both these ihibitors in vivo and in ovo. These findings
confirm the validity of the PCR-RFLP autoradiography approach to detect the
Asp70-->Gly substitution, demonstrate the phenotypic effect of this sequence
alteration and exclude the Asp70-->Gly substitution in buman BCHE from
correlation with tumors and/or BCHE gene amplification; further analyzes will be
required to determine whether this is also the case for the other 9 variations
which were so far found in the human ACHE gene or the alterations in the related
ACHE gene encoding acetylcholinesterase.
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Molecular cloning and analysis of the human acetylcholinesterase coding
sequence.

Revital Ben-Aziz*, Catherine A. Prody*#, Shlomo Seidman*, Averell
Gnatt*, Lewis Neville*, Judith Lieman-Hurwitz*, Efrat Lev~Lehman*,
Dalia Ginzberg*, Yaron Lapidot-Lifson*+ Haim 2akut+ and Hermona
Soreg*¥, ,

*Department of Biological Chemistry, The Life Sciences Institute, The
Hebrew University, Jerusalem 91904, Israel.

+Department of Obstetrics and Gynecology, The Edith Wolfson Medical
Center, Holon, The Sackler Faculty of Medicine, Tel Aviv University,
Israel.

To study the primary structure of human acetylcholinesterase (ACHE
EC 3.1.1.7) and its gene expression and amplification, cDNA libraries
from human tissues expressing oocyte-translatable ACHE mRNA were
constructed and screened with labeled oligodeoxynucleotide
probes. Several ¢DNA clones were isolated which encode a polypeptide
with 250% identically aligned amino acids to Torpedo ACHE and human
butyrylcholinesterase (BCHE; EC 3.1.1.8). However, these cDNA clones
were all truncated within a 300 nucleotides long G,C-rich region with a
predicted pattern of secondary structure having a high free energy (-
117 kcal/mole) downstream from the expected 5'-end of the coding
region. Screening of a genomic DNA library revealed the missing 5°-
domain. ®hen ligated to the cDNA and constructed into a transcription
vector, this sequence encoded a synthetic mRNA  translated in
microinjected oocytes into catalytically active ACHE with marked
preference for acetylthiocholine over butyrylthiocholine as a
substrate, susceptibility to inhibition by the ACHE inhibitor BW284C51
and resistance to the BCHE inhibitor iso-OMPA. The ACHE coding sequence
was found ¢o be particularly rich in G,C residues (64%),, in contrast
with the A,T-rich composition (63%) of BCHE coding sequence. However,
the complete ACHE and BCHE polypeptides display a considerable level
(52%) of identically aligned amino acid residues, homology which is
accounted for by differential codon usage. Furthermore, clear
differences were observed by comparative surface probability analysis
of the primary amino acid sequences. Thus, both the specific control
cf gene expression and the distinct immunological and catalytic
activities of ACHE and BCHE appear to be inherent to their nucleotide
and amino acid sequences. Blot hybridization of genomic DNA from
different individuals carrying amplified ACHE genes revealed variable
intensities and restriction patterns with probes from the regions
upstream and downstream from the predicted G,C-rich structure. Thus,
the human ACHE gene includes a putative G,C-rich attenuator domain and

is subject to structural alterations in cases of ACHE gene
amplification.
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CHOLINESTERASE (ChE) AND DIFFERENT CILIARY STRUCTURES IN WO INVERILBRATES.

Margherita Ralneri
Institute of Comparative Anatomy, University of Genoa, 16136 Genova, Italy

ChE activity fs localized by histochemical methods in adult Philodina roseola and
Rotarla rotatorla (Rotifera Bdelloldea) and larvae (trochophore, veliger) of the mus~
sel Mytilus galloprovincialis (Mollusca Pelecypoda) In order to fnvestigate ciliary

structures. Different substrates and inhibitors are employed to distinguish acetylcho=
1inesterase (AChE) and pscudocholinesterase (BuChE) activities.

Both the rotifers and the mussel larvae have ciliary sensory organs Intimately con<
nected with the main nervous ganglion which stain fntensely for ACUE. In the rotifers
ciliated sensory neurons wrapped by epithelial cells are localized at the tip of the
dorsal tentacle and connected by AChE-active nerve fibres to the brain. On each side
of the latter a “cerebral eye" Is found, also consisting of a cilfated sensory neuron
associated with an epfithalfal cell. A comparadle, bllacérally symmetrical structure
develops in the mussel larvae during the pre-trochophore and trochophore stages togeth-

er with the rudiment of tie viscero-parletal ganglion. This organ becomes more complex
in the-veliger larva, where s connected with a thick nerve bundle stained intensely
for AChE and can elther protrude or invaglnate.

On the other hand, all the cilia-bearing cells of the rotatory apparatus of the
rotifers and the velum of the veliger show a moderate histochemical stafning for AChE
and BuChE activities, localized around the nucleus, at the cell membrane and most evi-
dent at the base of the cilia. A few longer ciliary tufts stain all along their lenght.
AChE-active nerve endings seem to contact sporadically ciliated epithelfal cells. ChE
is also localfzed in other ciltiary organs, the protonephridial flame cells detold of
innervatfon,

The results suggest that clliary sensory organs of these {nvertebrates are char-
acterized by a strong ChE activity and a direct relationship with the nervous system
fnvolving possibly cholinerglc synapses (Villeneuve & Clément, 1971). The enzyme ac-
tivity of other cilfary structures may have a role In the mechanism of the ciliary
beat and its coordination from one cell to another independent from {nnervation.

The nerve endings which seem to reach a few cilfated cells of the locomotory appa-
ratus may modulate the rate of the clilary beat (Rainerf, 1984).

RAINERI, M. (1984) Histochemical investigations of Rotifera Bdellofdea.l. Localization
of cholinesterase acrivity. Histochem. J. 16: 601-616.

VILLENEUVE, J. & CLEMENT, P. (1971) Le neuroplle du cerveau de Rotifire: observations
ultrastructurales prétiminaires. J. Microscople, 11: 100,
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PARTIAL SEQUENCE OF ACETYLCHOLINESTERASE FROM THE VENOM OF THE
COBRA NAJA NAJA
AChE and lysophospholipase have simllar sequences

Christoph Weise, Hans-Jirgen Kreienkamp, Ferdinand Hucho®, Institute of
Blochemistry, Free Unlversity of Berlin, Thielallee 63, 1000 Berlin 33, Germany,
Phone (49)~-30-838 55 45/ *FAX: Germany (030) 838 64 03

Raivo Raba, Aavo Aavlksaar, Institute of Chemical Physics of the Academy of
Sclences of the Estonian SSR, PO Box 670, Tallinn 200 026, USSR

The venom of a variety of elapld snakes has been known as a rich source of
acetylchollnesterase (AChE). The enzyme has been purified from several snake
venoms including the venom of the cobra Naja Naja oxiana (Raba et al., 1979).
It Is isolated from the venom as & monomer and consists of a single
polypeptide chain with a molecular welght of 67 kDa (Raba et al., 1982),

About 30 % of the primary structure of the acetylcholinesterase (AChE) from
Cobra venom were determined by protein chemical methods. The sequence of the
tryptic peptide around the active site serine labeled by dlisopropyl-
fluorophosphate (DFP) was found to be TVTLFGESAGAASVGM which Is similar to
other cholinesterases. The part of the structure determined shows 76 % ldentity
with AChE from Torpedo and 42 % fdentity with the enzyme from Drosophila
(Weise et al,, 1990). - A surprisingly large sequence identity (42 % in the
sequence determined) was found with lysophospholipase from rat (E.C. 8.1.1.5.)
as determlned by Han et al., 1987. The saquence immediately flanking the
active site serine Is Invariably FGESAG In both enzymes.

This prompted us to investigate if AChE exhibits hydrolytic activity towards
lysophospholipld substrates. AChE from Torpedo as well as from Cobra venom
has no detectable lysophospholipase activity towards lysophosphatidylcholine
(lyso-PC) and lysophosphatidylethanolamine (lyso~PE) under standard test
conditions (pH 7.2, with and without addition of 10 pM Ca2?*). From this lack
of overlapping enzymatic activity we conclude that even the very pronounced
sequence siudlarity around the active serine residue Is not sufficient to confer
substrate specifity upon the enzymes.

References

Han, J., Stratowa, C. and Rutter, W. {1987), Biochemistry, 26, 1617~1625

Raba, Ré' Ilkgviksaar, A., Raba, M. and Siigur,J. (1979), Eur.J.Biochem., 96,
151-158

Raba, R. and Aaviksaar, A. (1982), Eur.J.Biochem., 127, 507~512

Weise, C., Kreienkanmp, H.-J., Raba, R., Aaviksaar, A. and Hucho, F.(1990),
J.Prot.Chen., 9, 53~57
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ANIONIC SUBSITES OF THE ACETYLCHOLINESTERASE FROM TORPEDO CALIFORNICA

Affinity labelling with the cationic reagent N,N-dimethyl-2-phenyl-azirfdinium

Christoph Welse,. Hans-Jlirgen Krelenkamp, Ferdinand Hucho®, Instlitute of
Blochemistry, Free University of Berlin, Thielallee 63, 1000 Berlin 33, Germany,
Phone (49)-30-838 66 45/ ‘'FAX: Germany (030) 838 6403

Raivo Raba, Ain Pedak, Aavo Aaviksaar, Institute of Chemical Physics of the
Academy of Sciences of the Estonian SSR, PO Box 670, Tallinn 200 026, USSR

The neurotransmitter hydrolyzing enzyme AChE (E.C. 3.1.1.7.) is thought to
contain several anlonic binding sites, one of which Is part of the catalytic
canter where it Is responsible for the bindlng of the positively charged chollne
molety of the physlological substrate (Nachmansohn and Wilson, 1951)., One or
several additional anlonic sites have been postulated to be located peripherally
(Changeux, 1966). — N,N-dimethyl-2-phenyl-aziridinium (DPA) was designed as
an affinity reagent for the anionic subsite of the ACh binding site, combining
the features of a true quarternary lon with high electrophilic reactivity
(Belleau and Tanl, 1966). The Inhibition of the enzyme by the alkylation
reactlon can be prevented by aikylammonium salts (Palumaa et al, 1984); this
supports the idea that DPA blocks the anionic site within the catalytic center.

Several peptides of acetylcholinesterase of Torpedo californica labelled with
3H~-DPA were locallzed within the primary structure. One peptide had the
sequence KPQELIDVE (position 270-278); the Iincorporation of DPA into this
peptide could be specifically suppressed by propidium, which suggests that it Is
part of the peripheral anionic site. The incorporation of DPA into two other
peptides was insensitive to propidium but could be prevented by edrophonlium;
the sequence of one of the peptides assumed to be part of the anionic site In
the catalytic center was found to be DLPR (positions 217-220). Decamethonium
efficlently blocked alkylation by DPA in all three Investigated peptides.

References

Belleau, B. and Tani, H. (1966), Mol. Pharmacol., 2, 411-422

Changeux, J.-P. (1966) Mol. Pharmacol., 2, 369-392

Nachmansohn, D. and Wilson, I.B. (1951) Advanc.Enzymol., 12, 259-339

Palumaa, P.,Raba, R. and Jarv, J. (1984),Biochim. Biophys., Acta, , 751, 15-20
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Cloning and expression of the 58k f subunit of
the inhibitory glycine receptor

lris Pribilla, Gabl Grenningloh, Peter Prior, Omar Taleb, and
Heinrich Betz

Zentrum fOr Molekulare Blologie Heidelberg,
Im Neuenheimer Feld 282
6900 Heidelberg, FRG

The inhibitory glycine receptor (GlyR) mediates postsynaptic
inhibition in spinal cord and other regions of the CNS. Purified
mammalian GlyR contains two membrane-spanning subunits of
48 kd (a) and 58 kd () plus a 93 kd receptor-associated
cytoplasmic protein. Here the primary structure of the B
subunit was deduced from cGNAs Isolated from rat spinal cord
and brain cDNA librarigs. The predicted amino acid sequence
exhibits 47 % identily to the previously characterised rat at
polypeptide. Northern blot analysis revealed : ‘avels of B
subunit transcripts in postnatal spinal corc .sellum and
corlex. Nuclear injection into Xenopus oocyles of a B subunit
¢DNA engineered for efficient expression generated weak
glycine-activated chioride currents thal were Insensitive to the
classic GlyR antagonist, strychnine. Our data indicate a
differential expression of GlyR a and B subuniis in the rat
nervous system and support a structural role of the
polypeptide in the native receptor complex.
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Site—~directed mutagenesis of ligand-bindlng sites of the inhibitory glycine

receptor

KUHSE, Jochen

No abstract recelved
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Side-dependent effect of Mg** on single-channel conductance of nicotinic receptor-chan-
nels in rat PCI2 (pheochromocytoma) cells.

A.B. Cachelin & R. Neuhaus, Department of Pharmacology, University of Berne, Friedbiihlstr.
49, CH-3010 Beme, Switzerland

We have investigated the effect of Mg® on the conductance of neuronal nicotinic ace-
tylcholine receptors (nAChRs) in nerve growth factor (NGF) treated rat pheochromocytoma
(PC12) cells (Greene & Tischler, 1976). The patch-clamp technique was used to record
acetycholine-induced single-channel currents from cell-attached and excised, outside-out
patches. Both sides of the membrane faced a Ca**-free isotonic CsCl solution to which various
amounts of Mg?* were added.

The maximal conductance of the channel measured in a divalent cation-free solution was
approximately 60 pS for both outward and inward currents. Increasing the internal Mg?* con
centration reduced the outward conductance of the neuronal nAChR channel in a concentra-
tion-dependent manner with an IC, of 0.7 mM. The inward conductance of the channel was
much less sensitive to increases of the external Mg concentration as indicated by an ICy, of 9
mM. It has been suggested that the effect of Mg? is due to screening of rings of negatively
charged amino acids placed on either side of the ion channel (Imoto et al., 1988). The asymmetry
of the effect of Mg® on the conductance of neuronal nAChR channels in PC12 cells suggests
that the density and/or the number of charges differ on either side of the ion pore. Furthermore,
whereas the effect of Mg® on outward conductance could be overcome by strong depolarization,
the effect of Mg® on inward conductance displayed no voltage-dependence. This implies that
the aminoacids screened by divalent cations sense electric fields only weakly and are presumably
outside the lipid bilayer.

Ithas recently been postulated that the Mg -induced inward rectification of single channel
current-voltage (I-V) relationship underlies the known rectification of whole-cell I-V curves
(Ifunc & Steinbach, 1990). However, whole-cell ACh-induced currents recorded in the absence
of internal Mg?* (20 mM EDTA inside) displayed clear inward rectification whereas the sing-
le-channel I-V did not (Neuhaus & Cachelin, 1990). Thus our and other's (Mathie et al., 1990)
results indicate that the inward rectification of whole-cell ACh induced currents is an intrinsi.,
probably kinetic, property of neuronal nicotinic receptors.

Greene, L.A. & Tischler, A.S., Proc. Nail. Acad. Sci. USA 13, 2424-28 (1976)

Ifune, C.K. & Steinbach, J.H., Proc. Natl. Acad. Sci. USA 87, 4794-4798 (1990)

Imoto, K., Busch, Ch., Sakmann, B., Mishina, M., Konno, T., Nakai, J., Bujo, H., Mori, Y.,
Fukuda, K. & Numa, S., Nature 335, 645-49 (1988)

Mathie, A., Colquhoun, D. & Cull-Candy, S.G., J. Physiol, 427, 625-665 (1990)

Neuhaus, R. & Cachelin, A.B., Proc Roy Soc Lond B241, (1990) in press.

Supported by Swiss National Science Foundation grants 3.383.086 10 A.B.C. and 3.078.087 10 Prof. H. Reuter.
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EUNCTIONAL ARCHITECTURE OF THE NICOTINIC ACETYLCHOLINE RECEPTOR
GALZI, J.L., REVAH, F. & CHANGEUX, J.P,

Laboratoire de neurobiologie moléculaire, Institut Pasteur, Paris, France.

Agonists and competitive antagonists of the nicotinic receptor reversibly
bind, in a mutually exclusive manner, to a class of primary sites carried, at
least in part, by the g-subunitsa. The photoactivatable cation
p-(N,N-dimethylamino)benzene diazonium DRRE, which acts in the dark as a
competitive antagonist, efficiently labels upon irradiation the AcCho-binding
sites of the native membrane bound receptor. This labeling i) is inhibited by
the agonist carbamylcholine, the competitive antagonist a-bungarotoxin and ii)
is distributed among three cyanogen bromide peptides (I-III) of the a-subunit,
at the level of Tyr 93 (rxnd, Tep 249 (D), Tyr 190, Cys 192 and Cys 193
{Ir)2. In addition, carbamylcholine sensitive DDF 1incorporation is also
detected, to a lower extent, at the level of Trp 86, Tyr 151 and Tyr 1901/2,
These amino acids are located in the large hydrophilic amino terminal part of

the a-subunit which is thus exposed, at least in part, to the synaptic cleft.

Their labeling by DDF provides evidence for a multiple loop site for
cholinexgic ligands.

The noncompetitive blocker chlorpromazine has been used to probe the
structure of the jon channel. When bound to 3ts high affinity site,
3H:nhlnxnxamazing covalently labels all the subunits upon UV irradiation,
suggesting that this site is located on the axis of symetry of the receptor.
The labeled amino acids (0-Ser 248, P-Ser 254, B-Leu 257, y-Thr 253, y-Ser 257,
Y-Leu 260 and §-Ser 262)3:4/5,6 a11 belong to a putative transmembrane, highly
conserved, hydrophobic sequence of each subunit referred to as MII. The
distribution of the labeled residues of the B~ and y-subunits is consistent
with an g-helical organization of this hydrophobic segment. These results,
together with site directed mutagenesis experiments’?s8 support the notion that
the MII segments are involved in the ion parmeation.

1, Galzl, J.L., Revah, F., Black, D., Goeldner, M.P., Hlirth, C.G., Changeux, J.P. {1990) I.
Biol. Chem, 265, 10430~10437.

2. Dennis, M., Glravdat J., Kotzyba-Hibert, F., Goeldner, M.P., Hirth, C.G., Chang, J.Y.,
Lazure, C., Chétlen, M., Changeux, J.P. (1986) Blochemlstry, 27, 2346-2357,

3. Giraudat, J., Dennis, M., Heldmann, T., Chang, J.Y., Changeux, J.P. (1986) Pros. Maxl,
Acad. Sci. W,S.A. 82, 2715-2723,

4. Glraudar, J., Dennls, M., Reldmann, T., Haumont, P.Y., Lederer, F., Changeux, J.P. {1987)
Biochenlstzy 26, 2410-2418.

5. Giraudat, J., Galz{, J.L., Revah, F., Changeux, J.P., Haumont, P.Y., Lederer, F. (1989)

’ EEBS Lett. 253, 190-198.

6. Revah, F., Galzi, J.L., Glravdat, J,, Haumont, P.Y., Lederer, F., Changeux, J.P, (1990}
Broc. Natl. Acad. sci., 87, 4413-4416.

7. Imoto, T., Busch, C., Sackmann, B., Mishina, M., Konno, T., Nakal, J., Bujo, H., Mori,
Y., Fukuda, K., Numa, S. (1988) Nature (London) 355, 645-648.

8. Leonard, R.J., Labarca, C.G., Charnet, P., Davidson, V., Lester, H.A. (1988) Sclepge 242,
1578-1581.
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Lipid phosphorylation by the nicotinic

acetylcholine receptor of Torpedo californica

B. Katterle, E. Neumann,
Faculty of Chemistry, University of Bielefeld,
P.0.Box 8640, D-4800 Bielefeld 1, Germany.

The detergent-solubilized nicotinic acetylcholine
receptor (nAcChR) of Torpedo californica electro-
cytes shows lipid phosphorylation activities which
are strongly dependent on the concentration of the
neurotransmitter AcCh. In the absence of AcCh there
are 2 % of the receptor which are catalytically ac-~
tive. In the presence of the inhibitor a-bungaroto-
xin (aBtx), this activity is reduced to 1 %.

Both the AcCh and aBtx effects can be summarized in
a cyclic reaction scheme, involving the channel ac-
tivatable conformation R, and one or more desensi-
tized conformations R', R" which mediate lipid ki-

nase activity.

aBtx + R = aBtx R

A+ R' == AR'

AR"

Supported by DFG, SFB 223.
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Determination of the Minimal e-Bungarotoxin Binding Site
of the Nicotinic Acetylcholine Receptor.

Rache!l Mosckovity and Jonathan M. Gershoni
Department of Blophysics
The Weizmann {nstitute of Sclence
Rehovot 76100, Isracl.

In this study, we have continued our analyslg of the Interaction between the
area «184-200 of the nlcotinic acetylcholine receptor of Torpado californica and «-
bungarotoxin,

QOur approach was to construct a serles of synthetlc oligonucleotides
corresponding to variations of the binding slte saquence « 184-200 and to produce
fusion protelns which could be biochemically tested for a-bungarotoxin binding,

wo types of modifications were tested: those with stepwise deletions of the

NHz-terminal resldues from Trp-184 up to His-186 and those in which the COOH-
terminal residues were removed sequentially from Asp-200back to Thr-196.

125]-Jabeled o-bungarotoxin overlays of protein blots and Scatchard
anaysls of toxin binding at equilibrium revealed that the stepwise removal of
resldues Asp-200 or Leu- 199 caused only a marginal drop In affinity for «-
bungarotoxin; However, the removal of residues Tyr-198, Pro-197 and Thr-196
had & marked effect on the toxin binding. The analysls of the NHz-terminal
varlants demonstrated that deletlon of His-186 caused greater than a 5-fold drop
In affinity.

ﬂtxyese data allowed the prediction of a minimal sequence of the binding site
which should efficlently bind «c-bungarotoxin, ‘The 13 amiro acld sequence,
¢186-198 was constructed and found to bind «-bungarotoxin with an affinity
of Kp=47x107M.
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NMR Studies of Specific Binding of Acetylcx -..a¢, Nicotine, Gallamine, and d-Tubocurarine
to Recombinant Active Site Pepticges of the nAChR.

Y, Faenkel, B. Ohana*, R, Mosckovitzt, J.M. Gershonit, and G. Navon,

Schoo! of Cliemistry, Tel-Aviv University, Ramat-Aviv, Tel-Aviv 69978, *¥Department of
Biophysics, The Weizmanu Intitute of Science, Rehovot 76100, Israel.

Localization of the binding site of the nicotinic acetylcholine receptor (nAChR) has been achieved
by the use of snake venom neurotoxins which bind to the receptor with considerably higher affinity
than acetylcholine (ACh). Binding studies to synthetic peptides as well as (0 recombinant peptides
associated with the bacterial protein have indicated that the neurotoxins bind to the receptor in the
area «l170-200. Applyving nuclear magnetic resonance (NMR) methods, in particular the selective T,
relaxation measurements, have demonstrated this domain from Torpedo californica to contain the
cholinergic binding sit2 as weil. Thus, ACFE, nic~tine, gallamine, and d-tubocurarine (TC) have been
found to bind specifically to the a)84-200 sequence (1).

We have extended our approach by checking 2dditional recombinant peptides from various sources,
all containing the al83-204 sequence. Respective Kp’s of the above mentioned ligands with these
sequences are given in the Table, together with the previously measured values for BTX (B. Ohana et
al. in preparation). BTX displays a two order magnitude diffv-znces in its Kp’s along the series,
while Kp’s of the_other tigands do not differ-by more than a factor of four, in line with the general
rule that reduced reactivity is associated with reduced selectiiity. Unlike the -binding of BTX, the
binding of the other figand: is particularly weak for the Drosophila sequence.

In order to assess the role of specific amino acids we turned to point mutations on the Torpedo

californica sequence, uttacking individval conserved and non-conserved amino acids. Thus the
following mutations: 187ser, 139phe, 189thr, 191ser, have been made and checked for their ACh
and TC-binding. The role of the adjacent cysteins,!92cys, and 1?3 cys was assessed by mutating them
into ala or *o ser. Again the trends are different thun these found for RTX except for 193ala which
is weak for both,

Kp values (mM) for ligands binding to recombinant peptides.

Seguence ACh Nicotine TC GA BTX
Torpedu 1.9 3.6 0.24 0.15 6.3x10~5
Chick 1.9 3.8 0.17 0.11 1.5x10-4
Xenopus 2.1 3.1 0.18 0.21 5.4x10-4
Drosophila 3.9 12.0 0.46 0.39 1.7x10-3
wirese 3.3 3.25 0.34 0.21 3.2x10-3
C-v 2.5 34 0.40 0.32 6.2x)073
Euman 2.1 2.5 0.12 0.11 6.5x10-3
187 ger 2.5 - 0.27 - 2.2x10-4
U9 phe 2.9 - 0.21 - ).7x10~ %
189 ¢hy 2.8 - 0.11 - >1x10-2 N
191 ger 2.5 - 0.10 - 2.2x10-4
193ger 2.2 - - - 1.2x10-4
1920, 2.5 - - - 5.5:.1u4
193213 6.6 - - - >1x10-2

(1) Y. Fraenkel, G. Navon, A. Aronheim and J.M. Gershoni, Biochemistry 29, 2617 (1990).
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Comparison of Natural and Novel Toxin Binding Sites
of the Nicotinic Acetylcholine Receptor

Bella Ohana and Jonathan M, Gershonl
Blophysics Department
The Weizmann institute of Science
Rehovot, Israel

In order to understand the mechanism of ligand binding, the sequence  183-204 of
the nicotinic acetylcholine rereptor has been produced as a recombinant fusion protein in
bacterla and analyzed for « -bungarotoxin binding The experimental system used consisted
of DNA structure, corresponding to the binding domaln, which were constructed In two
fragments representing the NHz terminal and COOI terminal of the slte (Cys 192 and Cys
193 serve as the midpoint). The bindingsites of the cholinergic receptor derived from seven
organisms (7opedo califormica  Xenopus chick, mouse, calf, human and Drosophila).

These were compared with respact to their toxin binding capacity . Scatchard analyses show

that the Kp values of a-bungarotoxin binding to the above sites are 63, 536, 150, 3200, 6200,

6470, and 1700 aM respectively.  These results reiterate the importance of 0183-204 as a

ligand binding site.

In order to leam which part of the native sequence is essentfal for efficlent binding
and to determine  which amino acids are responsible for ligand binding we generated
chimeric sites. From the analysis of such chimeras, some themes of the gross anatomy of the
binding site can be leamed. A positive sub-site followed by a hydrophobic patch preceding a
nucleophilic domain appear to be required for efficient toxin binding

On the basls of the preceding experiments, specific residues were point mutatd and
the effect of the change on toxin binding was tested.
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A NEW CLASS OF CHANNEL ACTIVATION SITES AT THE NICOTINIC
ACETYLCHOLINE RECEPTOR.

Kehinde O. Okonjo, Jirgen Kuhlmann and Alfred Maelicke

Institut fur Physiologische Chemie der Universitdat Maingz,
Duesbergweg 6, D-6500 Mainz, F.R.G.

Recent electrophysiological studies have suggested that
reversible acetylcholine esterase inhibitors of the carbamate
type, not only prevent hydrolysis of acetylcholine but
apparently also directly interact with the nicotiﬁic
acetylcholine receptor (nAChR). Two types of interaction have
been identified: blockade of the acetylcholine-activated
channel and, 3in some cases, "agonistic" behavior. We have
studied the agonistic behavior of the carbamate eserine by
means of eserine-induced ion fluxes into nAChR~rich membrane
vesicles from Torpedo marmorata. We find that eserine induces
cation fluxes even in the presence of saturating concentra-
tions of antagonists of acetylcholine or when the nAChR is
"desensitized”. Competition studies with monoclonal antibodies
further establish that eserine exerts its agonistic properties
from site(s) separate from the binding sites for the natural
transmitter. Our results raise the possibility that there may
exist a second pathway of activation of the nAChR-channel.
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NEURONAL NICOTINIC ACETYLCHOLINE RECEPTORS IN DROSOPHILA
MELANOGASTER

E. Sawruk, B. Schmitt*, P. Schloss and H. Betz?

ZMBH, Universitdt Heidelberg, Im Neuenheimer Feld 282, D-6900
Heidelberg, FRG and *Max-Planck-Institut fiir Hirnforschung,
Deutschordenstrasse 46, D-6000 Frankfurt 71, FRG

Two genes - ard and als -~ are known to code for subunits of
the neuronal nicotinic acetylcholine receptor (nAChR) in
Drosophila. Genomic Southern blot analysis with probes
encoding conserved regions of these genes, suggested the
existence of additional nAChR genes in Drosophila. Upon
screening a genomic library we have recently isolated several
new crosshybridizing DNAs. An alignment of the amino acid
sequence, deduced from partial nucleotide sequence analysis
of one genomic clone, revealed significant homology to the
fourth transmembrane region of ARD and ALS. Using this
genomic DNA as probe, we have isolated additional hybridizing
clones from an embryonic Drosophila c¢DNA library. The
screening of the different libraries resulted in isolation of
DNAs encoding three novel nAChR subunits. Here, we present
data on two novel subunits, designated SAD (second alpha
subunit of Drosophila) and SBD (gecond beta subunit of
Drosophila). The expression of both genes is developmentally
regulated and is restricted to the CNS during late
embryogenesis. Cytogenetically, the genes encoding SAD and
SBD map together with the als-gene on the 3R chromosome at
position 96A. Our data indicate diversity of nAChR proteins

in Drosophila.
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OOCYTE BXPRESSION AND a-BTX BINDING S8TUDIES OF DROSOPHILA
NEURONAL NICOTINIC ACETYLCHOLINE RECEPTORS

P. SCHLOSS', E. SAWRUK!', J. MORR', B. SCHMITT?, E.D.
GUNDELFINGER® and H. BET2?

1ZMBH, Universitdt Heldelberg, INF 282, D-6900 Heidelberg,
2Max-Planck-Institut fiir Hirnforschung, Deutschordenstr. 46,
D-6000 Frankfurt and 3ZMNH, Universitatskrankenhaus Eppen-
dorf, Martinistr. 52, D-2000 Hamburg; FRG.

Nicotinic acetylcholine receptors (nAChRs) are thought to
play an important role in the CNS of invertebrates. By cDNA
cloning, we and others have identified four different nAChR
subunits in Drosophjla: the ALS, ARD, SAD [Dal] and SBD
proteins. Equilibrium binding and kinetic studies revealed
two different high affinity binding sites for the classical
nicotinic antagonist a-bungarotoxin (a-Btx) in head membranes
of Drosophila. Their K, values were x0.1 nM (site 1) and =4
nM (site 2). We now demonstrate that both the ALS and ARD
proteins are components of the high affinity a~Btx binding
site 1, and that a nicotinic cation-selective channel is
generated in Xenopus oocytes upon coinjection of synthetic
ARD and ALS RNAs. In addition we show that the ALS protein is
the ligand binding subunit of this complex.

Expression of in vitro transcribed SAD RN2 in Xenopusg wocytes
also forms a functional nAChR but its association with one
of the defined toxin binding sites remains to be investiga-

ted.
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Nolecular genetics of Drosophi)a acetylcholine receptors
HESS, Norbert

No abstract recelved
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Identification of phosphopeptides of the acetylcholine receptor by
mass spectrometry

Werner Schroeder, Thomas Coveyf, and Ferdinand Hucho

Institut fir Biochemie, Freie Universitat Berlin, Thielallee 63,
looo Berlin 33

§ Sciex, Division of MDS Health Group Limited, 53 Glen Cameron
Road, Thornhill, Ontario, Canada, L3T 1P2

It has been investigated whether ion spray mass spectrometry can
be used for identifying phosphorylation sites in a protein. The
method was tested with phosphokemptide and with a proteolytic
digest of one subunit (8-subunit) of the nicotinic acetylcholine
receptor from Torpedo electric tissue. Both phospho~ and
dephosphokemptide could be clearly identified by their respective
mass peaks. This shows that the phosphoester bond is stable under
the conditions of the spectrometer. The mass difference of 80
dalton represents the -H: POs group.

S-subunit digested with endoproteinase LysC was separated by HPLC
which was connected directly to the mass spectrometer. Several
phosphopeptides were identified: A mass peak corresponding to MW
1514 represents the di-protonated, di-phosphorylated peptide 35—
LRRSSSVGYISK (position 357-368). The corresponding
monophosphorylated peptide was identified as the mass peak (m/2z)
1434. This confirms that two serine residues in this peptide are
phosphorylated only one of which had been shown to be
phosphorylated previously (Yee & Huganir, 1987). - Another mass
peak with m/z 1093 matches exactly the molecular weight of the
phosphorylated peptide S5-AQEYFNIK {position 5-369-376) containing
the site predicted to be phosphorylated by a tyrosine kinase. A
further peptide identified by its m/z value of 1208
(monoprotonated) could be the phosphorylated peptide position 5~
377-387 (SRSELMFEK), predicted to be phosphorylated by protein
kinase C. Unequivocal localization of phosphorylation sites in
proteins is possible only by MS/MS tandem mass spectrometry or in
combination with Edman sequencing.
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Crystallization of a membrane protein from nAChR-rich solution

S. Jaweed, A. Gillzow and F. Hucho
Institut fiir Blochemie, Abt. Neurochemie, Freie Universitiit. Berlin, FRG

Although the primary structure of the nicotinle acetylcholine receptor
(nAChR) has long been known (1, 2, 3) there Is still no Information about the
tertiary structure of this membrane protein from x~-ray diffraction data. In order
to, hopefully, avold any change in conformation from the native state we have
attempted to crystallize this protein under conditions that keep denaturation or
desensitization at a minimum. The procedure for a "gentle" preparation and
purification of the nAChR thus circumvents the use of a specific affinity column
(4). Thus there is a possibility that with our present conditions a copurifying
Na‘/K*-ATPase*) actually crystallizes rather than the nAChR.

The crystals (shown to be protein by absorbance at 280nm (n a photometer
microscope) which were obtalned from AChR-rich solutions so far could not directly
be identified by electrophoresis or similar means as they are too small and hzrd to

separate from the surrounding amorphous protein precipitate.

*)The primary structure of this membrane protein is known as well* (5, 6), but as
of yet only 2D crystals have been described in literature (7).

Ref.:

1) M. Noda et al, Nature 299 (1982) 793-797

2) M. Noda et al, Nature 301 (1983) 261-255

3) M. Noda et al, Nature 302 (1983) 528-~532

4) S. Hertling~Jaweed et al

5) K. Kawakami et al, Nature 316 (1985) 733~736

6) S. Noguchl et al, FEBS lett. 196 (1986) 316-320
7) E. Skriver et al, FEBS lett. 131 (1981) 219-222
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FINE LOCALIZATION OF THE MAJOR o-BUNGAROTOXIN BINDING SITE
TO RESIDUES al89-195 OF THE TORPEDO ACEYYLCHOLINE RECEPTOR.
RESTDUES 189, 190 AND 195 ARE INDISPENSABLE FOR BINDING

Socrates J. TZARTOS and Michael S. REMOUNDOS

Department of Biochemistry, Hellenic Pasteur Institute,
127, Vas. Sofias Ave., Athens 11521, Greece.

A major binding region for a-bungarotoxin on the acetylcholine
receptor (AChR) has been recently identified within parts of the segment
170-204 of the a-subunit. We used the Pepscan systematic peptide
synthesis system to determine the minimum Torpedo AChR segment required
for a-bungarotoxin binding, and to investigate the role of each residue
within this segment. Continuously overlapping decapeptides within
a179-203 and several decapeptides covering other o-su?ggit sequences
showed that a188-197 and a189-198 exhibited_the best I-a-bungarotoxin
binding activity (Kp= 7.3x10°8M and 4.3x10°8Y respectively). Several
continuously overlapping nona-, octa-, hepta-, hexa- and tetra-peptides
showed that the heptapeptide a]89-195 was the minimum sequence with high
binding activity (Kp = 5.6x10°°M). d-tubocurarine, but not carbamyl-
choline, blocked toxin binding. Twenty-six analogs of the al88-197, most
having one residue substituted by Ala or Gly, Egowed that Tyrl89, Tyrl90
and especially Aspl95 were indispensable for 1 I-a-bungarotoxin
binding. Cys192 and Cys193 could be substituted by other amino acids
proving that the disulfide bond between ¢192-193 was not required for
a-bungarotoxin binding. The decreased a-bungarotoxin binding capacity of
the equivalent human muscle AChR a188-197 peptide was the result of
substitution of Tyr by Thr at al89.
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FINE CHARACTERIZATION OF THE MAIN IMMUNOGENIC REGION OF THE ACETYLCHOLINE
RECEPTOR BY THE SYSTEMATIC PEPSCAN PEPTIDE SYNTHESIS APPROACH.
MINIMUM RESIDUE REQUIREMENTS FOR ANTIBODY BIRDING.

I. Papadouli*, C. Sakarellost and S.J. Tzartos™

*Hellenic Pasteur Institute, 127, Vas. Sofias Ave., Athens 11521,
Greece; *Dept. of Chemistry, University of loannina, Box 1186, 45110
Toannina, Greece.

The Main Immunogenic Region (MIR) is an immunodominant area of the
nicotinic acetylcholine receptor (AChR) both in human and in experimental
autoimmune Myasthenia Gravis. Binding of anti-MIR monoclonal antibodies
(mAbs) has been located between residues 67-76 (1) of the a-subunit of
Torpedo electric organ and human muscle AChR. Because of its potentially
significant pathogenic role, studies of MIR structure and antigenicity are
of considerable importance.

A detailed study of the MIR was carried out, using synthetic peptides
and anti-MIR mAbs. Groups of peptides were synthesized in parallel using
the Pepscan systematic peptide synthesis technique (2) and tested directly
by ELISA assays.

We synthesized and tested peptides of varying length and concluded that
the shortest peptide capable of significant mAb binding is the pentapeptide
67-71. A systematic screening of peptide analogs, where each residue within
the segments Torpedo a67-74 and both Torpedo and human a67-76 was
substituted by 6-9 different aminoacids, was performed. Residues N68 and
D71 were found indispensable for anti-MIR mAb binding. Peptides
corresponding to u67-76 of AChR species which do not bind the anti-MIR
mAbs, 1ike Xenopus muscle and some mammalian neuronal AChRs, also did not
bind these mAbs. Some of the studied analogs having single substitutions
{1ike H76, R76) or selected combinations of two substitutions (such as
V73A76, H73A76, VI3R76) exhibited higher mAb binding activities than the
original peptides. Further search for improved MIR analogs may find
applications in studies of therapeutic models of Myasthenia Gravis.

1. Tzartos, S.J., Kokla, A., Walgrave, S. and Conti-Trunconi, B.: Proc.
Natl. Acad. Sci. USA 85:2899, 1988.

2. Geysen, H.M, Meloen, H.R and Barteling, S.J.: Proc. Natl. Acad. Sci.
USA 81:3998, 1984.
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Tyrosine Kinases of (he Torpedo Electric Organ
Kathryn Wagner, Sheridan Swope and Richard Huganie

Many protein tyrosine kinases are abundamily expressed in the nervous system where
protein phosphérylation is thonght to play a crucial role in the regulation of neuronal function.
The peripheral nicotinic acetylcholine receptor (nAchR) has been shown to be phosphorylated
and regulated by an unidentified protein tyrosine kinase endogenous to postsynaptic membranes
of skeletal muscle and Torpedo electric organ, The receptor is endogenously phosphorylated on

B, vy and & subunits at & high stoichiometry. This phosphorylatation has been shown to increase
the rate of descasitization of the teceptor. Preliminary studles to identify the tyrosine Kinase
which phosphorylates the nAchR suggest that multiple tyrosine kinases me expressed in the
Torpedo clectric organ, Scveral of these kinases have been cloned fiom Torpedo ¢DNA librarles
and include members of the sr¢, fps and yes familics of tyrosine kinases.
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Nicotinic cholinergic receptors in porcine pituitary
intermediate lobe cells

Zhong-wei Zhang and Paul Feltz, Institut de Physiologie (UA309
CNRS), Université Louis Pasteur, 21, Rue René Descartes, 67084
Strasbourg Cedex, France

The intermediate 1lobe (IL) of hypophysis contains an
homogenous population of endocrine cells (melanotrophs) which
secrete Oo-MSH and other pro~-opiomelanocortine related
peptides in a calcium-dependent fashion. Multiple
innervations from hypothalamus form synaptic endings in IL
cells. Previous studies have revealed the predominant
inhibitory effects of GABA and dopamine on electrical
activity and secretion of the melanotroph. Here we present
recent results of nicotlnic acetylcholine (ACh) responses in
culture IL cells, suggesting a possible excitatory control in
this structure.

Using patch-clamp techniques, we studied ACh induced
responses in cells maintained in primary cell culture. Under
current-clamp, the IL cells showed a resting potential of
about -50 mV and spontaneous action potentials were generally
present. ACh and nicotine, applied by fast microperfusion,
depolarized the cells and provoked cell firing. 1In cells
voltage-clamped at -60 mV, application of ACh or nicotine
induced inward currents accompanied by a substantial increase
in noise. Single channel data obtained in cell-attached
configuration shows a conductance of 26 pS and a mean open
time of 1.8 ms for the ACh receptor channels in IL cells.
These channels were cation selective: they were permeant to

Na* and Cst. The I-V curve of whole-cell responses of ACh
displayed a strong inward rectification. This rectification
stayed unchanged when either Cs* or Nat was in the recording
pipette, and whether the intracellular ca2* and Mg2* were
present or not.

The ACh-induced responses in IL cells were blocked by d-
tubocurarine, hexamethonium and mecamylamine, but were
insensitive to a-bungarotoxin. BAn interesting finding of the
present study 1is the inhibitory effect of bicuculline on ACh-
evoked responses in IL cells. Surprisingly, the classical
antagonist of GABA-ergic responses bicuculline methiodide,
was shown to also block the effects of ACh in a nearxly
competitive fashion. Experiments in whole-cell recording
configuration showed that the inhibition of bicuculline on
ACh~induced currents was reversible and dose-dependert. The
concentration of bicuculline producing half-maximum blockade
(IC50) was 44 uM,

Our studies demonstrate the presence of a neuronal-~type
nicotinic receptor in the IL cells of pituitary gland and
suggest a cholinergic control on these endocrine cells. The
antagonism of bicuculline on ACh-induced responses suggests a
possible blocking effect of bicuculline on nicotinic ACh
receptors in mammalian nervous system.
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ACETYLCHOLINE RECEPTOR GENE EXPRESSION
FOLLOWING o-BUNGAROTOXIN INJECTION

Orna Asher, Carlo Provenzano, Sara Fuchs. Department of Chemical
Immunology, Weizmann Institute of Science, Rehovot, Israel.

Muscle Acetylcholine Receptor (AChR) is a heterologous pentamer which
has an a,fy8 composition during ontogenic development. Soon after birth a
change is observed with an e-subunit replacing the y one. Muscle electrical
activity, as well as nerve released factors, have been implicated in the
dis-coordinated regulation of AChR genes. Experimental Autoimmune
Myasthenia Gravis (EAMG) was recently reported o be accompanied by an
increase in AChR-specific mRNAs which correspond to the adult type of
receptor (Asher et al.,, 1990, FEBS Letlt. 264:231). This is different from
denervation, which causes mainly an increase in the embryonic form. a-
Bungarotoxin (a-BTX) was used in this sludy to investigate the eifect of
the blockade of acetylcholine-induced muscle activity on the AChR
subunits gene expression. Rats were injected i.p. on 5§ consecutive days
with «-BTX (27 ng/kg body weight/day), residual muscle AChR content was
measured by '%5-a-BTX binding, and subunit-specific mRNA levels were
analyzed using Northern blots of total and poly(A)+ RNA, hybridized with
32p-labelled DNA probes. We observed a significant increase in the level of
mRNAs specific for the a, B, € and & subunits of the AChR, reaching a peak
betlween days 5 and 7 after the first injection, and followed later by a
gradual decrease to normal levels. An increase in o-subunit mRNA levels
was also observed in rats following a single injection with a sub-lethal
dose of «-BTX. Reduction in functional AChR content following «-BTX
treatment results in activation of AChR subunit gene expression, with a
good correlation between residual membrane AChR and increase in receptor
transcripts, as was previously observed in EAMG.
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DEVELOTMENTAL CGIANGES IN THE NICOTINIC ACEIYLCHOLINE RECEPTOR OF TORPEDQ.
Miriam C. Souroujon*, Sara Carmon, Apat Safran and Sara Fuchs. *1he Open
Unlversity of Israel and Department of Chemical Immunology, The Welzmann

Institute of Science Rehovot 76100, Israel.

It has been shown in some mamnalian specles that during development, the
embryonic 7-subunit of the nicotinic acetylcholine receptor (AChR) is
replaced by an adult e-sutunit. It is of interest to f£ind ovt whether Tor-
pedo AChR also displays two alternative formms of the ¥-subunit. We have
prepared antibodies against a synthetic peptide corresponding to residues
346-359 of the Torpedo A@i ¥-subunit, bnd containing a putative phosphory-
lation site that is present in all krnown e-subunits, but is absent in ‘heir
respective ¥-subunits. These antibodies react strongly with adult and
hardly with embryonic Torpedo #-subunit. The differential reactivity of the
anti-¥ peptide antibodies does not reflect differerces in the state of phos-
phorylation. Also, the ¥-subunit of ihe aduit Torpedo AChR is phosphory-
lated by exogencus cAMP-dependent protein kinase to a much higher extent
thin its embryonic oounterpart. It thus appears that the known 'I‘c;rpedo
¥-subunit represents an adult form of this subunit and is different, at
least in the region of the phosphorylation site, from the crossreactive
embryonic form. It should still be tested whether the embryonic and adult
forms of the Torpedo AChR 7-subunit are coded by two different genes, as has
been demonstrated in the bovine and murine muscle AChR, or whether other

mechanisms are responsible for the observed differences.

82




© e e S —

U ]

s v tamnmn, v Aol (S R

\
"‘ 5 .
ﬂ b ot 4 0

EXPRESSION OF HUMAN MUSCLE AChR c¢DNAs

David Beeson, Martin Brydson, Alison Morris, Angela Vincent and John Newsom-Davis.

Neurosciences Group, Instilute of Molecular Medicine, Oxford.

Muscle acetylcholine receptor (AChR}) is the autoantigen in myasthenla gravis. The cDNAs
which encode the subunils of the AChR have been well characterised, but the low level of the AChR
protein In human muscle (around 1 pmol/g of muscle) restricts the study of myasthenia, To
overcome this difficulty we have Isolated cDNAs contalning the fuil coding sequence of the human
a, B, y and & subunits, and have a partial clone for the € subunit, and are using them in both

prokaryotic and eukaryolic expression systems to generate AChR subunit polypeptides as a source

of antigen.

Using a modification of the vector pKK 233-2 (Pharmacia), we have constructed plasinids
for the expression of full-length qa, B, y and & subunils. In particular, for the a subunit, which
contains the ‘Main immuncgenic Region’, we have a library of expression constructs coding for
overlapping polypeptides within the subunit. it has been possible to synthesise and purify milligram

quantities of these polypeptides.

Using the SP6/T7 system, cRNAs have been synthesised for the q, 8, y and & subunils, and

have been expressed using rabbit reliculocyte lysates.
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Metabolic stabilization of endplate AChR.s at developing neuromuscular junctions is

mediated by Ca** influx associated with muscle activity.

H.R. Brenner and S. Rotzler, Department of Physiology, University of Basel, Vesalgasse 1,
4051 Bascl, Switzerland.

The effects of muscle activity on the metabolic AChR stability and on the growth of synaptic
acetylcholine receptor (AChR) accumulations were investigated in rat skeletal muscle. Ectopic
endplates induced surgically in adult soleus muscle were denervated early during development when
junctional AChR number and stability were still low and, subsequently, muscles were either left
inactive or they were kept active by chronic exogenous stimulation, AChR numbers per ectopic AChR
cluster and AChR stabilitics were es*imated from the raioactivity and its decay. with time, respectively,

of endplate sites whose AChR.s had been labelled with 1251.t-bungarotoxin, The results show that
the number of AChR.s in ectopic clusters and théir metabolic stability is reversibly increased by muscle
activity cven when innervation is eliminated very early in development; one day of stimulation is
sufficient to stabilize the AChR.s in ectopic AChR clusters. Muscle stimulation also produced an
increase in the number of AChR.s at early dencrvated endplates. Activity-induced cluster growth‘
occurs mainly by an increase in arca rather than in AChR density, and for at least 10 days after
dencrvation is comparable to that in normally developing ectopic endplates.

Activity dependent stabilization of endplate AChR.s is mediated by an influx of Cat* through
dihydropyridine sensitive membrane channels but it is insensitive to Ca**-release from the
sarcoplasmic reticulum. Metabolic stabilization of endplate AChR.s but not of extrajunctional AChR.s
could be induced in chronically denervated fibres in the absence of muscle aclivity if muscles were
treated with the Calcium ionophore A23187. AChR stabilization was also induced by culturing
non-stimulated muscles in clevated K+ and the Ca** channel activator (+)-SDZ202-791. Conversely,
the activity-dependent AChR stabilization was prevented in muscles stimulated in the presence of the
Ca++-channel blockers (+)-PN200-110 or D-600. Treatment of muscles with ryanodine to induce
Ca++-release from the sarcoplasmic reticulum in the absence of activity did not cause stabilization of
junctional AChR.s.These data show that, during muscle activity, AChR stabilization is mediated by an
influx of Ca++ ions through dihydropyridine-sensitive Ca**-channels in the muscle membrane.
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MYOGENIN AND HMYOD REGULATE TRANSCRIPTION OF THE NXCOTINIC ACETYLCHOLINE
RECEPTOR ALPHA S8UBUNIT

Andres Buonanno, Unit on Molecular Neurobiology, LDN, NICHD, NIH,
Bethesda, Maryland 20892

ABSTRACT

A family of myogenic factors that activate transcription of
a battery of skeletal muscle genes has been recently identified.
Transfection of non-muscle cells with cDNAs coding for myogenin and
Mycd, two members of this family, leads to the transcriptional
activation of skeletal nuscle genes and commits the cells to become
myoblasts. Both factors are nuclear proteins shown to bind the
transcriptional enhancers of the creatine kinase and myosin light
chain genes. Herewith I present evidence that myogenin and MyoD
bind to two sites present in the enhancer of the chicken nicotinic
acetylcholine receptor (nAChR) a subunit gene . Gel retardation
assays and DNA footprinting were used to show that the site nearest
to the cCAP site (transcription initiation site) is bound
preferentially by both factors. When 3T3 fibroblasts are
cotransfected with a construct containing the nAChR a subunit
enhancexr linked to the reporter gene chloramphenicol
acetyltransferase (CAT), plus a vector expressinyg either myogenin
or MyoD, transcription of the CAT gene is activated. The
introduction of two-base mutations to either binding site, however,
dramatically reduces the expression of CAT in cotransfected 3T3
fibroblasts. In addition, mutations in the myogenin and MyoD
binding sites also inactivate the expression of the CAT reporter
gerie in transfected C€2C12 mouse myotubes; these muscle cells
express both factors endogenously. In view of these results it is
interesting to speculate, that myogenin and MyoD may regulate the
expression of a repertoire of skeletal muscle genes that are
transcriptionally activated during muscle differentiation, and
whose expression is repressed by innervation.
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In vilro nouromuerulor  synnplopeonsis  in Lhe prasence of Myssthenia
Bravin patinnt eprome
& de In Porle*, T Nagneh™, 8 Fymard®™ ol J. Kornig?
= Ial de Nonriolegle Cellalotre, Univercité e Aordraue 1], Trance.
23 tab A Immunnlogie, 68, Le Plepcsis~Nohinenn, Tranee

Myasthonfn Braviz (MR} fe A newromescular dieorder charapcterized

by muscles’wpoknnaas  and Fatiguabllity Ihe basdc defect fa a decrease

of the  avallable acetylcholine receptor {AGHR)} at Lhe neyroauscular
Junctione MG Ia mediated by circulating antibodies directed ogainst
AChA, cince  anti AGKR antihodire ars  delecloble fn nearly BOX of
patient’=a sorume  Soveral nonsexclusive mechaniams were described to
rxploin tha  role  of theer  antibodies: (1) btlockage of Lthe
acotyleho)ine (AGh) hinding sitee, (2) accelerated degradation of
AChR requiring antihodine dependent crocs=)inking of AChA,

Up analyeed the atructural and biochemical modificatjons (AChA and
acetyleholinecterace (AGHE) Tevel and distribution) during
cynaptogenecis fn *he presence of HG patient’s serums, in rat’s nerve-
muscle cocullures The reeylls were comparad to the effect of an ACh
antagonist, the  -bungarotovin  In the case-of antibodies diracted
agolnst ACHR In B  <«orums, receplors are intarnallised and degraded.
in the case nf the o-bungarotoxin, non-functional receptors are still
present {n the wotendar wabipans  Comparison batwpen thece different
results gives the opanrtunity «o better understand the mechanfsms uf
ATHE goncentration during the cynaptogenecis, Jn-relation with -the
1Chn econepntration

In the precence of MR serume, the formatinn of AChE spots, which
normally oecure during the synaptogenesis, dramatically decraased,
proportionally to the anti-AGCKR  antihody's titer. The AChE tolal
activity and the proportion of the different molecular forms are
unchanged In the presence of the ashungarntoxin, the ACHhE activity
and concentralion are equivalent to the control. Ihese resulls
syggesl that during the synapltogenesic, the presence and/or “the
concenlration of ACHA is &  )imitant factor for normal ACKE
concentration.

In order o annlyse the mechanisms by which the AChE concantrotion
i1s perturhed, we studird the presence of basal lamina’s two
component s localiced between Lthe nerve-ending.- anc muscle membranes,
and fn  whiah ACHE §e anchored Dy immunofluorescence methods, the two
componente <tudied, laminine and heparan sulfate proteuglycan (HSPG),
arr unjformaly dic<tributed along the muscle membhrane. In the presence
of M serumq, the fluorescence f{ntenaity fs iIncreased, without
distinguliching §f  there is a  correlation with -the anti=ACHR
antibody’s titer of the serume ITwn non=-pxclusive hypotheslis-can he
suggested = (1) corume get directly on the synlhezfe and/or the
secretion of boacal  laminn  components, {2} serums have o mitopenic

effect on the relle-whith eynlhecize there components,
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MyoD1 binding sites regulate the acetylcholine receptor y- and -

subunit genes differentially

L.-Diirr, M. Numberger, W. Kues, M.-Koenen and V. Witzemann
Max-Planck-Institut fiir medizinische Forschung, Abteilung Zellphysiologie, Jahnstr. 29, D-6900
Heidelberg, FRG

In rat muscle the expression of two acetylcholine receptor (AChR) subtypes is under developmental
control. At early developmental stages a low conductance channel comprised of a-, p-, y- and 8-
subunits predominates while higher conductance channels (o, B-, €- and §-subunits) are found in
the adult, innervated muscle. The functional changes are correlated with defined structural changes
in-that the y-subunits are replaced by the €-subunits (1); To-analyze the mechanism regulating the
differential expression of the:AChR-genes we isolated genomic DNA fragments encoding-the 5°-
“flanking regions of the y- and e-subunit genes. DNA-fragments of 350 bp length for the y-subunit
-and 250°bp for the e~subunit where shown to contain_sequences-which qre-neécssgry;for,musclc*
-specific expression: Both fragments contain-sequences exhibiting-a high similarity to-sequence
motifs which bind myogenic regulatory factors such as MyoD1, While the y-5%-flanking region has
-two MyoD1 binding sites reminiscent of the MyoD1 binding sites in the muscle creatine kinase (2)
the €-5"-flanking region has only one such site. To evaluate the role of the-MyoD1 binding sites for
the y--and €-subunit-gene promoter-activity we analyzed the corresponding-DNA-fragmeuts, in
-primary cultures of rat Myotubes, CH310T 1/2'and HeLa cells. Transfection assays using the wild
‘type DNA as well as mutated:fragments-or fragments where the- MyoD1-binding sites had been-

deleted indicate that MyoD1 could regulate they- and e-subunit genes in a differential- manner,
1. V. Witzemann, B. Barg, M. Criado, E. Stein-and-B. Sakmann (1989) FEBS Let(.242:419:424.

2. A.B. Lassar, J.N: Buskin, D. Lockshon, R.L. Davis, S. Aponé, $.D. Hauschka and H.
Weintraub (1989) Cell 58:823-831.
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CARBOIYDRATE STRUCTURES QF THE PURE _CIHQOLINERG. . SYNAPSE OF
TORPEDO_ELECTRIC ORGAN. Subccllular_distribution d v_cylochemical, and
immunaocytochemical_techniques

Gustavo Egea (*), Carlos Solsona and Jordi Marsal.
Laboratori de Neurobiclogia Cellular i Molecular. Dept. Biologia Cellular. Facultat de
Medicina, Universitat de Barcelona.

It has been described a regional distribution and temporal regulation of expression of
certain sugar structures by plants lectins or carbohydrate-specific monoclonal antibodies at
the CNS and PNS (Margolis and Margolis, 1990). Although an abundant information is
available about glycoproteins of the synapse {see Gurd, 1990 for a review), those studies
has mainly been located at the CNS where a multiple synaptic types and neurotransmitters
exist. The carbohydrate components of the typical cholinergic synapse of the PNS, the
neuromuscular junction, has been involved in the establishment or stabilization of synaptic
connections (Sanes and Cheney, 1982) and the carbohydrate pattern has also been studied
(Scott_et al., 1988). Due to electric organ of Torpedo marmorata is a homologous tissue to
newrormuscular junction, we have studied the carbohydrate patterns present in this pure
cholinergic synapse by morphological and colloidal gold techniques using lectings and
monoclonal antibodies (MADbs) raised against carbohydrate epitopes. Small tissue pieces
were fixed in diverse combinations of fixatives and embedded in Lowicryl K4M. Ultrathin
sections were procesed by the post-embedding method. We have used lectins and MAbs
described as follow: Lectins: Limax flavus agglutinin (LFA), NeuAc; Ricinus communis
lectin_ 1 (RCL 1), fGal; Datura_stramonium___agglutinin (DSA), Galf3l 4GIcNAcS!;
Concanavalin A {Con A), aMan; Wheat germ agglutinin (WGA), GicNAc and NeuAc; Ulex
curopaeus agghuinin (UEA 1), L-Fuc; Soybean agglutinin (SBA),  Dolichos btﬂorus
agglutinin (DBA) and Helix pomatia_agglutinin (HPA), 0GalNAc; Peanut agglutinin (PNA),
Galf1,3GalNAco. (epitope T) and oGalNAc. Monoclongl anfibodies (MAbBs): B72.3,
NewAco2,6 GalNAca-0-Ser/Thr (epitope sialyl-Tn), Cu-1, GaiNAca-0-SerlThr (epitope Tn).
Furthermore we have use glycohydrolases (sialidase, N-glycanase). The main structures we
have focus on has been the presynaptic membrane, synaptic vesicles, postsynaptic membrane,
Schwannn cell, myelin and basal membranes. The conclusions we have obtained from the
subcellular distribution of glycoconjugates with respect to the restricted synaptic structures
are the following: LPresynaptic membrane: (1} We do not observe high mannose
oligossacharides or glycoproteins (Con A-); (2) There is-no terminal aGalNAc (HPA, DBA,
SBA -); (3) There is no L-Fucose (UEAI-); (4) Carbohydrate epitopes T, Tn and sialyl-Tn
are not present (respectively PNA, Cu-I and B72.3-}; (5) We detect the O-linked sequence
NeuAco2,3Galpl 3GalNAca (sialidase-PNA +); (6) GalBl 4GIcNAcf is the dissacharide
most abundant among the N-linked glycoproteins (DSA+); (7) fGal is the most abundant
monossacharide (RCL 1) rather than NeuAc (LFA); (8) Probably there is NeuAc O-
acetylated (LFA+ after sialidase treatment). 2,_Synaptic vesicles: (1) There are terminal
NeuAc (LFA+) and fiGal (RCL I+) facin into the synaptic lumen: (2) Some of the NeuAc is
resistant to sialidase. Probably it is O-acetylated; (3) Probably the NeuAc belongs to the
oligossacharide sequence NeuAco2,3Galpl,3GalNAcow since some synaptic vesicles become
positive 1o PNA after sialidase treatment; (4) There is Galfl 4 GlcNAcB (DSA+); (5) There
is no T, Tn and sialyl-Tn epitopes (respectively, PNA, Cu-1, B72.3 -). 3, _Postsynaplic
membrane: (1) There is no L-fucose and oGalNAc terminal non-reduced; (2) there is high
mannose oligossacharides (Con A+); (3) There is no T, Tn and sialyl-Tn epitopes
(respectively, PNA, Cu-1, B72.3 -).
This work is supported by FISss w G.E.
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Assembly of the muscle AChR in COS cells. Y, Gu, LR, Forsayeth and Z.W. Hall,
University of California, San Franciso.

C(%S cells were transiently transfected with cDNAs for ¢, g, v and § subunits of
the mouse muscle nicotinic acetylcholine receptor (AChR). The properties of the
AChRs expressed on the sutface closely resembled those of the AChRs of C2 myotubes.
When incomplete combinations of AChR subunits were expressed, no surface
expression was detected except in the case of afy which gave 15% of that seen with all
four subunits. Immunoprecipitation experiments showed that in cells that expressed
pairs of subunits, aé and ay heterodimers were formed, but af were not. When three
subunits were expressed, aép and ayf complexes were formed, but aéy were not.
Variation of the ratios of the four cDNAs used in the transfection mixture showed that
surface AChR expression was decreased by high concentrations of § and ¥ cDNAs in a
mutually competitive manner. These results are consistent with a scheme for assembly
in which aé and a7 heterodimers are formed first, followed by association with the 8
subunit and with each other to form the complete AChR. (Surported by NIH grants
(NS28062 and NS13521) to JRF and ZWH and a grant from the Muscular Dystrophy

Association.
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Pioperties of cmbryonic and adult muscle acetylcholine receptors (AChRs) transiently
expressed in COS cells. Y. Gu, LR, E_oLs,?g_uL_ALﬂ‘mQJLLL_CLz_IMJ&
Lapsman and Z. W, Hall, University of California, San Francisco. .

We have used transient transfection in COS cells to compare the propetties of
mouse muscle nicotinic AChRs containing a, g, § and either v or € subunits. Following
transfection with cDNAS of cither the -y~ or €-AChR, toxin-binding activity
corresponding to fully assembled receptor was expressed on the surface of COS cells at
a level comparable to that seen in cultured muscle cells. Toxin-binding to -, but not €-,
AChR was })nrtially blocked by a myasthenic serum reported to be specific for the
embryonic torm of muscle AChR. The e-AChR was also degraded more slowly in the
membraune than the 7-AChR. Patch-clam%recordings showed that the 7-AChR had the
channel characteristics of embryonic AChR and the e-AChR had those of the adult
AChR, These results demonstrate that some but not all of the differences between
AChRs at the adult endplates and those in the extrasynaptic membrane can be
explained by the difference in subunit composition of v- and - AChRs, Transient
expression of AChRs in COS cells is convenient, reproducible, yields high levels of
surface AChR, and should be generally agglicable to the study of other multi-subunit
proteins. Supported by NIH prants (NS28062 and NS13521) to JRF and ZWH, and a
grant from the Muscular Dysiru)ly Association.
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Pogtnatal changes in neuromuscular transmission_in_rats.
A.C.Harchas and G.Meakin, Department of Physiological Siiences and Department of
Anaesthesin, Medical School, University of Manchester, UK.

New born infants show n greater than normal sensitivity Lo Lhe effecls of non-
depolarizing muscle relaxants.  Meakin (1988) and Mereloja (1988) showed Lhat
neonntes are 2.8 and 2.6 times more sengitive to atracurium and vecuronium
regpectively than adults,  Such enhanced gensitivity could result from a reduced
safety facltor for lransmission due to a low quantal content of the endplate
response in immalure junctions (Kelly and Roberts, 1977). We are studying the
development of normal Lransmission al the neuromuscular junction in the absence
of blocking drugs by using a cut [ibre preparation (Barstad & Lilleheil, 1968) to
prevent aclion potenlial generation and contraction. This initial report concerns
an invesligalion of the rundown or [ade of the endplate response recorded

with intracellular wmicroelectrodes from the neonate rat dlaphragm during
repetitive stimulation and of the effects of low concentrations of curare.

Cut fibre rat phienic nerve/diaphragm preparalions were made from rals aged from
3 to 5 weeks and bathed in Krebs solution at 20%2°C. Two KCl-Filled
microelectrodes were inserted at the endplate region of a fibre. One electrode
wag used Lo pass currenl to polarize the membrane to -60mV, the othe. Lo record
miniature endplate potentials (MEPPs) and endplate potentials (EPPg) evoked by
stimulation of the cul phrenic nerve held in a suction electrode. Initially, the
rundown of EPPs wns delermined at stimulation frequencies between 1 and 50 Hz.
Subsequently, the eflect of curare on EPP rundown was determined. Synaptic
potentials were analysed by computer using Spike2 (Cambridge Eleclronic Design,
UK).

MEPPs were relatively infrequent, occurring at 0.5620.06 sec’! (N=32). Al train
rates resulted in rundown of EPPs Lo a plateau within 10 stimuli. For example,
stinmuli at 1 iz resulted in an EPP plaleau after 10 seconds which was 85% of the
size of the first evoked EPP (N=21).Increasing the rate to 10 Hz depressed the
plateau EPP to 65% within 1 second (N=20). Balhing fibres in 104 curare for 45
minutes reduced the plaleau EPP even further, Al 1 Hz the plateau was reduced to
72% of the first EPP (N=20) and at 10 Hz to 51% (N=21). Higher rates of stimuli
regulted in an even lower plateau EPP.

Taken in conjunclion with the observed low rate of MEPPs, the increased rundown
of evoked FPPs in prepatalions from these young rats suggests that they may have
limited reserves of releasable ULransmitter. Owt finding that curare futher
reduced the platean EPP al all rates of slimuli indicates that the drug has a
significant pre-junclional effect at this age. Togelher, these results could
account for the incteased sensitivily of newborn infants Lo curariform drugs.

Barstad,J.A.B.& G.Lilleheil. Acch.Int.Pharmacodyn.Ther, 175, 373-390. 1968.
Kelly.8.S. & b.V.Roberls. Br.J.Auaesth. 49, 217-221. 1977.

Meakin,G., Shaw,E.A.,Baker,R.D. & P.Morris. Br.J.Anaesth.60:171-175,1988.
Meretoja,0.A., HWirtavouri,K. & P.J.Neuvonen. Ansesthesia & Analgesia, 61, 21-26.
1988.
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