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GENERAL INFORMRTION

lec. ures:

Projection equipment will be provided for 2"x 2" slides, for 16mm film and

far overhead projectrr transparencies (25 x 25 an), All speakers are
requasted to give their slides to the projectionist before their session.

Fosters:

Poster authors are requested to put up their posters on Monday Aug 31,
7.30-8.30 a.m., and be present by their posters cn Monday evening between
20.00 and 21.00. Posters will be displayed throughout the whole meeting.

Me2l Times:
Breakfast veressscesssql frOom 07,30
Lunch Monday, Tuesday 13.00
Wednesday, Thursday 12.30
Dinner ceesacanaes .o..from  18.45
Name Badges:

Participants are requested to wear their name badges at all times whilst
at Neve XYlan.

Secretariat and travel desk:
Will be open daily fram 8.30. Please ocontact "Kenes" representative.

Social activities:

Several special events are planned:
Sunday 20.30 - Mixer Buffet
Monday 21.15 - Lecture on the Dead Sea Scrolls
wetnesday 13.30 - BExcursion to Jerusalem
Thursday 18.00 - Closing dinner at the
National Palace Hotel Rocf Top Gardens Restaurant
Jerusalem,
Participants are advised to bring
a sweater or jacket as it can be
oool in the evening in Jerusalem.

Participation in all the soclal events is cowered by the registration fee.

Check out Time:

All participants are kindly requested to ched < out on Friday Sept, 4 by
9.00 a.m.
f

s W

e SR .

—— e




PROGRAM




Sunday, August S0ih

18:00
20:3C

Registration
Mixer

Monday, August SIst

08:30

09:00

09:30

10:00

10:30

11:00

11:40

12:30
13:00

13:00

16:30

17:00

SYNAPTOGENESIS & REGULATION (1)
CHAIRMAN: S. FUCHS (Rchovot)

J.-P. CHANGEUX (Paris)
A molecular approach to the development of the rat neuromuscular
Junction

S. ROTSHENKER (Jerusalem)
Multiple modes and sites for the .cgulation of motor azxonal growth

R. WERMAN (Jerusalemn)

Intracellular accumulation of acelylcholine can l2ad to neuronal
death

M. BRZIN (Ljubljana)
The appearance of two distinct types of subsynaptic specialization
bearing ACRE activiiy in regeneraling rat muscle

Coffee
U.J. McMAHAN (Stanford)

Agrin:  identification and chavacterization

R.G. WALLACE (Stanford)
Zgrin; mechanism of aclien

L. ANGLISTER (Jerusalem)

Acetylcholinecierase i regenerating neuromuscular junctions

Z. VOGEL (Rehavot)

Role of neurotrophic factor{s) and calcium channe's in  the
regulation of aceiylchalinesterase in cultured muscie

End of Sersion

Lunch

SYNAPTDGENESIS AND REGULATION (11)
CHAIRMAN: U.J. McMAHAN (Stanford)

M-m, POO (New Heven)
Early minutes of syrnaployenesis: o physicochemical view

A. SHAINBERG (Ramat Gan)
Changes in the levels of acetylcholine receptors are mediated by
the calesum concentration in the sarcoplasmic reticulum

Coffee

-7 .




17:30

18:00

18:20
18:45
20:00
21.15

H. MEIRI SJcrusalcm)
Short and long term effects of aluminum on synaptic transmission
and on the activity of cullured nerce cells

D. MICHAELSON (Tel-Aviv)

Anlibodies to cholir~ratc neurons tn Aizhesmer’s Discase
End of session

Dinner

Poster session

Lecture on the Dead Sea Scrolls, M. Broshi.

Tuesday, September 1st

08:30

09:00

09:30

10:00

10:20
10:50

11:20

11:50

12:10

ACETYILCHOLINESTERA“E
CHAIRMAN: M. BRZIN (Ljubljana)

J. MASSOULIE (Paris)
Molecular diversity of cholinesterases

P. TAYLOR {La Jolla)
Molecular struclures and gene organtzation af the
acetylcholinesterases

R.L. ROTUNDO (Migms)
Biogenesis of acetylcholinesterase 1n nerves and muscle

W.R. RANDALL (Miamy)
Avian acetylcholinesterase:  molecular studics on the sirvcture and
regulation of the asymmetric jorms in muscle

Coffee

B.P. DOCTOR (Washington, DC)
Structural and smmunochemical properties of feial berine serum
acelylcholinesterase

H. SOREQ (Jerusalem)
Biogenesis of human cholinesterase: from gene to prolein

P. DREYFUS (Jerusalem)
Struclure-function reiationships in  cholinesterase approached by
micreinjeciion of Xenopus oocyles with clone-produced SPgmRNA

E. SCHMELL (Arlington)
Inhibition of human erythrocyte AChE by monoclonal antibodies:
evidence for novel allosteric sites

A. FUTERMAN (Rehovot)
Covalently atfached phosphatidylinositol as a membrane anchor for
acetyleholinesterase and other membrane proteing

End of session
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15:30

18:00

16:30

17:00
17:30

18:00

18:30

18:45

20:00

20:30

21:00

21.30

22:00

22:20

22.40

Lunch
PRESYNAPTIC MECHANISMS (I)
CHAJRMAN: R. RAHAMIMOFF (Jerusalem)

1. PARNAS (Jerusalem)
The caletum-voltage hypothesis for neurotransmitter release

R.S. ZUCKER (Berkeley)
Prlcsynaptic calesum domains and vollage control of transmitter
reicase : '

R. RAHAMIMOFF (Jerusalem)
Short term and long term modulalion of neurotransmitier relecase

Coffee

E. NEHER (Gottingen) )
Calesum buifering and calcium measurement in single secretory
cells under patch ciamp

P. GAGE (Canberra) )
Neuromuscular transmission in muscles paralysed by butanedione
monoxime

End of session

Dinner

PRESYNAPTIC MECHANISMS (11)
CHAIRMAN: E. NEHER (Goitingen)

S.M. PARSONS (Santa Barbara)
Regulatory, molecular and pharmacological aspects of acetylcholine
slorage

M. ISRAEL (Gif-sur-Yvette)
Purification of e nerve ierminal protein which mediates a caletum-
dependent acetylcholine release

H. RAHAMIMOFF (Jerusalem)
Molecular properties of the sodium- calcium exchanger

M.P. BLAUSTEIN (Baltimore)
Presynaptic potassium channels as the target sites of certain snake
toxins and other drugs

Y. YAARI (Jerusalem)
Presynaplic currents i vertebrate motor nerve terminals

8.C. FROEHNER (Hanover)
Monoclonal antibodies to the voltage-activated calesum channel

End of session




Wednesday, September 2nd

08:30

09:00

09:20

09:40

10:00
10:30

11.00

11:30

11:50

12:20
12:30
13:30
19:00

20:00

20:30

21:00

SIGNAL TRANSDUCTION AND MODULATION
CHAIRMAN: P. TAYLOR (La Jolls)
M.E. ELDEFRAWTI (Bealtimore)

Action of anticholinesterases on acetylcholine receplors

G. AMITAI (Ness-Ziona) _ .
Certasn muscarinic antagonists are non-competitive inhibitors of
the nicolinse aceiylcholine receptor

E. HELDMAN (Ness-Ziona)
Binding properiies cnd transmembrane signalling n muscarinic
acetylcholine receptor subtypes

K. SHERMAN Spn'ngﬁcld}
Biochemical and behavioral effects of acetlylcholinesterase snhibition
tn brain

Coffee
EX. ALBUQUERQUE (Baltimore)

Molecular basis of anticholinesterase actions on nicotinic and
glutamatergic synapses: peripheral and central effects

T.S. REESE (Woods Hole)

Y. HENIS (Tel-Aviv)
Role of liptds sn the regulation of rat heart muscarinic 1cceptors
and thewr nteraction with G-proteins

Y. LASS (Tel-Aviv)

Neurolransmission and second messengers in Xenopus oocyles
Ernd of session

Lunch

Excursion to Jerusalem

Dinuner

ACETYLCHOLINE RECEPTOR (I)

CHAIRMAN: E. KOSOWER (Tel-Aviv)

A. KARLIN (New York)

Functional siles of the nicotinic acelylcholine receptor

J. EARNEST {San Fras-cisco)
What do the siructure of the acetylcholine receptor and of ton
chaninels lell us about thesr function?

A. MAELICKE (Dortmund)
Antibodies as specific ligands of the nicolinic acectylcholine receplor

- 10 -
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21:20

21:40

22:00

22:20

F. HUCHO (Berlin)

The heliz-IT model of the ron channel of the nicotinie acetylcholine
receplor

J.M. GERSHONI (Rehovet)

Correlating structure with function in the nicolinic acelylcholine
receplor

G. NAVON (Tel-Aviv)

NMR studies of the binding of agonists lo the acetylcholine
receptor

End of session

Thursday, September Srd

08:30

09:00

09:30

10:00

10:30

10.50

11.20

12:30

14.00

14:30

ACETYLCHOLINE RECEP1 R (1)
CHAIRMAN: F. BARRANTES (Bakis Blanca)

J. PATRICK (La Jolla)
Expression  of functional neure

__ 4.1 L 1
Giciyscnoane  receplars  from
cDINA ciones

H.A. LESTER (Pasadena)
Expression of acetylcholine receptors in Yenopus oocytes
C. METHFESSEL (Gottingen)

Jon conductance of genetically modified acelylcholine receptor
channels

Coffee

H. BREER (Osnabruck)
Receplors for acetylcholine in the nervous system of tnsects

G.P. HESS (Ithaca)

Chemical kinetic measurements of the ocetylcholine receptor wnth
&mu.s to ms time resolution

End of session

Lunch

ACETYLCHOUINE RECEPTOR (lll)

CHAIRMAN: A. KARLIN (New York)

F.J. BARRANTES (Bahia Blanca

The membrane environment for t)uc nicotinic acetyl holine receptor

M. McNAMEE (Davis)

Biophysical  sludies of acelylcholine receptor i reconsiituted
membranes: rvole of lipids in regulating functlion

=11 -
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15.00

15.30
16.00

16:30

17:00

1745

S. FUCHS (Rehovot)
The cholinergic binding site and phosphorylation sites of the
nicotinsc acetylcholine receptor

Coffee

R.L. HUGANIR (New York)
Regulation of the nicetinic acetylcholine receptor by protem
phosphorylation

E.M. KOSOWER (Tel-Ativ)
A structural and dynamic model for the nicotinic acctylcholine
receplor

End of session

Departure for closing dinner

Friday, September {

Departure
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POSTER PRESENTATIONS

M. ARPAGAUS (Gif-sur-Yueite)
Transstions 1n molecular forma of acetylcholinesterase during the development
of Drosophila melanogaster.

F. BACOU (Afoutpeliier) ‘
Acetylcholinesterase  of newborn  denervated fast and  slow  rabbst
muscles: polymorphic and immaunological characteristics.

E. BANIN (Jerusalem)
Acule admmistration of aluminiuvm allers synaplic transmission,

M. BENNETT (Gif-sur Yuvelie) .
Acetylcholine release from ral brain  synaptosomes as measured by the
chemiluminescence method.

C. BON (Paris)
Negatively charged phospholipids, a possible target for the presynaptic
phospholipase neurotozin from srake venoms.

W. FINGER (Munich
High-frequency asynchronous release of excitatory and inhibitory transmitler
quanta triggered by veratridine in nervc-muscle synapses of crayfish.

A. GNATT (Jerusalem)
Molecular cloning and siructurel characterisation of human cholinesicrase
genes. )

M. JACKSON (Gottingen)
Mechanism and energelics of aclivation of the nicotinic receptor.

K. KAUFMANN (Essen)
On the role of the lipid bilayer sn synaptic transmission.

R. LICHT (Tel Aviv)
Basal acetyicholine releose from Torpedo nerve termingls

P. MASSON (Toulon-Naval)
Pressure effects on the carbamylation of butyrylcholinesterase.

J.L. MIDDLEBROOK (Frederick)
A nevtralizing monoclonal entsbody to crotoxin.

P.C. MOLENAAR (Leider)
The effect of AHS5188 on ilhe release and :torage of newly synthesized ACh in
Jrog muscle.

N. MOREL (Gif-sur-Yvztte) _ . _
An anliserum specific for the medialophore, an ACh-releasing proiein, erhibits
presynaplic binding in Torpedo and ral neuromuscular junctions.

Y. MOROT-GAUDRY (Gif-surYveite)
Cetiedil, a drug which inhibits ecetylcholine relcase sn Torpedo marmoraia
electric organ.

S.J. MOSS (Cambridge) _
Regulation of chicken muscle nicotinic acetyleholine receplor gene erpression.
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18

19

20

21

22

23

24

25

26

27

28

29

30

31

S.J. MRCHEV (Sofia)
Human memory modelling: Synopse level.

D. NEUMANN (Rekovot)
Cloning of the snake acetylcholine receptor Halpha.-subunal.

C. PRODY (Jerusalem) ) )
Allzrnate termination sites tn human choliaesterase genes.

R. ROSENBLUM (Tel-4wv)
Coexzistence of endephaling and acetylcholine in Torpedo electromotor neurons

A. SAFRAN (Rehovot)
Phosphorylation of the acetylcholine receptor.

TH. SCHURHOLZ (Bselefeld)
Reconstitution of isolated acetylcholine receptors: A critique

J. SKETELJ (Ljubljana)
Acetylcholinesterase tn regenerating myolubes tm vivo.

N. STEINBERG (Rehovot)
Spectroscopic characterisation of differences in the active-site conformation of
aged and non-aged organophosphoryl conjugates of serine hydrolases

S.N. TIWARAI (Gorakhpur)
Physical paremeters of the transjormation and distribution of information

J-P."TOUTANT (Montpellier)
Molecular forms of acetylcholinesterase sn adult Drosophila:  Structure and

hydrophobic interactions.
K.WIC, TSIM (Cambridge)
Monoclonal antibodies to chicken acelylcholincsterese and butyrylcholinesterase.

M. VERDIERE-SAHUQUE (Paris)

Developmental aspects, cellular localizalion and mode of attachment of ACKE
tn neuronal ganglionic cells.

H. ZAKUT (Tel-Awiv)

Cholinesterase synthesis in developing human oocyles ezamined by in situ
hybridization tn frozen ovartan seclions.

R. ZAMIR {Jerusalem)
Chromosomal mapping of human cholinesterase genes by in situ Aybridization.

R. ZISLING (Rehovot)

Antibodies to clone-produced human cholinesterase: Interaction with denatured
and native cholincslerases and cross-species homologies.

- 14 -




ABSTRACTS

- 15 -




LOBC-TERM EVOLUTION OF THZ ACETYLCHOLINE RECEPTOR
DIRING STRAPSE FORMATION

by

Jean-Pierre CHANGEUX, Andz8 KLARSFELD, Bertramd FONTAINE
_ and Ralph LAUFER

Neurcbiologie MolBculaire et UA CNRS 1149, Institut Pastavr,

25 rua du Dr Roux, 75723 Paris Cedex 15, Fiance.
The acetylcholine nicorinic receptor protein (AChR) from vertebrate
neuromuscular jurction is audject to & long-term rcauuéion of fitse
distribution and propertise by auscla fnnervation (1). In the adult
synapes, the AChR is fntegrated into & supramacromclecular edifice
vhich persists for weeks afier denervation and involves privileged
interactions with the basal lsmina and/or the cytoskeleton. Its surfece
density (10 - 20 0C0 molecules per ym?) 1s 100-1000 times higher than
outside the sypapss, it is strongly immcbilizad, with a long metabolic
1ife-time (D 10 days in mammals) &nd a short (msec} aean channel open
time (mot in birds). By contrast, im the nou~innervated embryoni:
ayotube, ths AChR {3 evenly Jdistributed at a low surface density, it 1o
mobile, labile (half 1ife {1 day) &nd its mean channel open time 13
long (sevaral msac) (1). .

The genesis of the zdult postsymaptic domsin resulis from & complex
sequence of molecular intetactions which includs regulatioms at the
transcriptioual and post-tramscriptionsl level. The evolution of the
total comtane of AChR af 2 fast akelarsl musclas Tsuch as PLD fn chiek}

comprises three nein steps : 1) a rapid increase which coincides with

the fusicn of aoyoblasts imo myctubes, 2) a sharp decline which

corresponda to the elimination of the extza junctional ACHR and, 3) &
late incresse, wostly postnatezl, associsted with the enlargememt of the
endplate. In ths chick, the setabolic life-time of the AChR does not
change throughout this ovolution {(except at the end of ths third
pericd) which, tharefore, prisarily {nvolves regulaticn of AChR
blosyrthesis (2).

Chronic paralysis of the embryo by flaxedil imsrferes with step 2
which, thus, represents an alsctrical activity-dapsodent repression of
AChR genes (2). This procese has been snalysed by the mathods of
molecuiar jenetics using a chicken a-subunit genomic probe (3) in s
model system consisting of chick myotubes io primary culiure. Block.ing
their gpontaneous alactrical activity by tetrodotoxin (TTX) causes,

- 17 -




after 2 days, a 13-fold increase of a-subunit aRNA levael (against an
only 2-fold incresse of surface AChR) while a-actin mRNA levels 40 not
change. Denervation of chick Jeg wmuscla gives similax resulra. Southern
blot data sre consistent with the presance 1a the chicken of a unique
chromosomic gene encoding the a-sudbunit, vhose expression would he
differentially regulated during development. The 5' end and par:t of *he
upstreax flanking region of this gene was isclated and sequenced (4).
Transcripticn initiates at the same position in {innevvated and
denervated nuscles (sec also 5). TATA umd CAAT boxes and a8 potential
Spl bindicg site are found upstream. This a-subunit promoter, incluaing
850 bp of the 5' flanking sequence, was inserted into s plasmid vector
in front of a chloramphenical acetyltransferass (CAT) gene (4). This
construct directed high CAT expression in transfected nouse C2.7
nyotubes but mot in unfused C2.7 gyoblasts or non aycgenic mougse 3T6
celle. It thus contains DNA sequences {aportant for tissue specificity
and developmental regulation (etep 1). Yet, it fs not kmnown whether
rhese sequencas contain the target for the electrical activity-
dependent regulation of a~subunit gene expression.

The maintenance and late incresse in pumber (stap 3) of AChR &c the
level of the endplate while extujunfc:ional AChR dissppears requires
the 1atervertion of an anterograde gignsl from npeural origin.
Calcitonin-gens-related peptide (CGRP), a peptide shawn to coexis: with
acetylcholine iu chick spinal cord motoneurons, increases surface and
total AChR by about 50 Z im cultured chick asyotubss without affecting
AChR turnover or total protein asynthesis (6). This increase was
addirive with that elicited by TTX, but not by cholars toxin which
activates adervlate cyelase. Parallel rasulis were obtewined when AChR
a~svbunit mRNA was quantitated by Northern blots (7). CGRP fncreases
the cAMP comtent of myotubes and stimulates wmembrane-bound adenylate
cyclase in ths range of concentrstion where it enhances AChR a-subunit
gene expression {8). The phorbol ester TPA sbolishes the incresse of
a-subunic =RNA caused by TTX but not by CGRP suggesting that distinct
second mesgenzsrs are involved in the cegulstion of AChR blosynthests
by electricsl activity and by CGRP.

The dsta area interpreted in terms of & ®odel (9) which assumes that :
1) {n the adult muscle fidber, nuclel may exist in different stages of
genc expression in subneural ard extra junctional areas (see also 190),
2) different second meswengers elfcitad dy neural factors or electrical
sct{vity regulate the state of transcription of these nuclei via
trans-acting sllosteric proteins. Distinct families of genes involved
ia the functiomal organisation and maimenance of the endplate

- 18 -




(including the seversl AChR asubunits (il)), may be concarnsd by this
regulation. In the case of the AChR a8y and 8 subunits the relevam
genes ave distributed, in the souse, on three differcnt chromosomes (a
Che 17, § Chr 11 and y and 8 Chr 1) (12) and are thus regulated by
trans-activating factors.

The eudngural post-transcriptional clustering and wetadolic
stabilisation of the AChR which takes place at the level of the
developing endpiate involvee, 1in addition, & complex sequence of
wolecular interactioms with, in particular, the busal lamins and/or
cytoskeletal proieins. The role of the 43 000 1 protein (13), which
specifically binds to the cytoplasmic face of the AChR, is discusged in
this framework and its intaraction with the cytoskeleton demonutrated
(l4). Speculations abuu- the plausidle extension of some of thesa views
to the selective stabilisatfon of neuronal synapses are presentad
{15).

- 19 -
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MULTIPLE SITES AND MODES FOR THE REGULATION
OF GROWTH OF CHOLINERGIC AXONS,

Shlomo Rotshenker
Department of Anatomy and Embryology
Hebrew University-Hsdassah Medical School, Jerusslem, Israel

Synapses can be modified by remodelling their structure. One major way of
doing so 1s by inducing the innervating neuron to :prout and form additional
synaptic connections with its target. gur experimental findings in the motor
system of anphibia and mammals suggest that mechanisms regulating sprouting and
synapse formation can be divided into three major categories: peripheral,
central and transneuronal, We define: (1) peripheral mechanisms, those that
involve a direct growth promoting effect of factor(s) on the periphsral
extensions of the motoneuron that responds with sprouting, (Zg central
mechanisms, those that involve the regulation of axonal growth at the level of
the motoneurons' cell body, and (3) transneuronal mechanisms, those involving
the transfer of a signal four growth from one neuron to another within the spinal
cord.

We exarined the pattern of innervetion to individual muscle fibers of
cutaneous-pectoris (CP) and sartorius (S) muscles of the frog, and of peroneal
(P) and extensor digitorun longus (EDL) muscles of the mouse, The morphology of
neuromuscular junctions was studied by light microscopy in silver-cholinesterase
(CP, S, P, EDL) and zinc iodide staired muscles {CP), and by electron microscopy
(CP). Silver—cholinesterase preparations revealed some degree of sprouting and
synapse formation in all intact muscles of normal animals, Sprouting and synapse
formation were enhanced in intact muscles by severing nerves dnnervating
contralateral homologous muscles.

We hypothesize a transpeuronal mechanism to underlie the induction of
sprouting following contralateral axotomy. The mechanism formulatee that sxstomy
initiates a cignal for growth in the cell bodies of severed motoneurons. The
signal is then transferred transneuronally across the spinal cord to i{ntact
contralateral motoneurons that respond with sprouting. The experimental results
that led to the formulation of the transneurunal mechanism for the induction of
sprouting and synapse formation (SSF) did so by ruling out alternative
mechanisms, and by befng in accord with predictions of the suggested mechanism,
Alternatives to the transneuronal mechanism are that sprouting was induced by
procucts of degeneratfon and denervation ov by inactivity of denervated muscles.
This was ruled out by experiments demonstrating: (1) contralateral axotomy was
followed by SSF only when the severed and sprouting motoneurons were locaied in
the same segments of the spinal cord (CP, S, P, £DL), thus ruling out the role
of systemic distriouticn of degeneration and denervation products: (2) SSF
developed in CP muscles after removing contralateral muscles, thus ruling out
the necessity for the presence of degeneration and denervation products; (3)
coritralateral axotomies that were placed in too close proximity to the spinal
cord failed to induce sprouting (CP), thus ruling out the role of inactivity of
denervated muscles and the role of degeneration and denervetion products.
Predictions of the transneuronal mechanism that were met are: (1) the time to
onset of SSF is shortened when the contralateral axotomy is placed closer to the
spinmal cord (CP, 7, EDL). (2) Axctomized regenerating and intact contralateral
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sprouting motoneurcns demonstrate an fincrease in the incorporation of uridine
into RHA following unilateral axotomy (CP).

We further suggest a centrul mechanism for the induction of :prouting. We
hypothesize a role for a muscle derived trophic substance as a regulator of
axonal grow:h: the site of regulation being tha motoneurons® cell body. This
proposition is based on the following experimental datat (1) SSF fallowed the
biockade of retrograde axonal transport in contralateral nerves (CP): (2) SSF
was induced in both ipsilatery) and contralateral nmotoneurons afier depriving
the ipsilateral neurons of their target muscle fibers (CP). The common
denominator of axotomy. the blockade of the retrograde axonal transport, and tha
removal of muscle fibers is the prevention of the retrcgrade supply of a muscle
derived trophic substance,

Direct evidence for tha existence of peripheral mechanisms for the
induction of SSF 1s provided in a series of experiments in which motor axons
that were isolated from their cell bodles responded with SSF after exposing
them to minimal doses of colchicine (CP).




IFATH OF NEURONS AS A OONSEQUENCE (OF EXCESS INTRACELLULAR TRANSMITTER?

R. Worman & Y. Yaroe, Department of Neurcbiology, Institute of Life
Sciences, Hebrew University, Jerusalem

Motoneurons of the dorsal motor vagal nucleus (DMVN) of the
adult guinea pig disappear slowly following cervical vagotomy, with a
time constant of 8.6 wonths (ajwand, Wermun &k Yerom, J. Comp. Neursl.
256: 527-37, 1987). Following vagotomy, the motonswrons e
:{dt‘bh. spparently as & result of marlied decreases in Ca'-activeted

conductance and in tha voltage dependent transient current Iy ,.

Acetylcholinesterase activicy in these neurons declaases
merkadly following vegotoay, sugpsst that ACh may reach higher than
normal concentrations. In fect, ?n injected 1into normal wvagal
gég\an:mn ncur':(‘_ly blocks verious conductances, particularly the

-activeted conductence (Yarom, Pracha & Werman, Newroecience
16: 739-52, 1985). These actions of ACh are not produced by
extracellular lication Wt are reproduced and enhanosd by
intracellular injection of blockers of acetylcholinesterase activity.
Thus it is possible that a mmjor part of the physiclogical changes
produced by axotomy are reprodiced by excess intracellular ACh in a
cholinergic neuron.

In fact, the vagal motoneuron only to be more wilnerable
folloving vagotomy. An acute process, lasting about 25 days and
lesding to ocall disintegration, s to be superimposed on the

chronic walnerability. Reduction of conductances which serve to
inhibit firing leads tcéﬂcrmcd neuronal firing and probebly to
increases in internal concentrations, which my he tha acuts
factor In cell Geaih.

It is of interest that non-cholinergic weurons such as the
Purkinje cs]ll rewart to a primitive state following aotomy and
expresy latent erzyms related to ACh metabolism. .
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THE APPEARANCE OF TWO DISTINCT TYPES OF SUBSYNAPTIC SPECIALIZATIONS WITH
AChE ACTIVITY IN REGENERATING RAT MISCLE

Brzin, M., Sketelj, J., Institute of Pathophysiology, LJubljana 61105,
Yugoslavia

One of the basic postulated requirements of the humoral theary of
cholinergic transmission is the presence of AChE activity at the postsynaptic
membrane, (in the vicinity of the cholinorereptor). Nevertheless, the activity
and the distribution of AChE at different peripheral and central cholinergic
synapses varies considerably, ranging from the extremely high activity in the
synaptic clefts of motor endplates, to the neuronal synapses of caudate nucleus
and sympathetic ganglia, where the accumulation of AChE is much less dense and
its disti ibution appears predominantly extrajunctional. Various tissues with
cholinergic synapses differ also in regard to the regulating effect of nerve
a1 the lavel and distribution of AChE activity and the pattern of its molecular
forms.

In skeletal muscle the main target susceptible to various regulatory influences
on AChE seems to be the muscle cell itself. During ontogenesis AChE appears in
early myoblasts and attains a high activity before innervation. Following the
formation of neurcmuscular Jjunctions, AChE, previocusly diatributed along the
muscle cell begins to accumulate at the junction. Concomitantly the sarcolemmal
apee falization is beeing tormed and a gradual change of AChE molenular forms
is taking place untill matwration is reached.

The ability of muscle cells to focally accumulate AChE and to maintain junctional
specialization of sarcolemma remairs after denervation. Furthermore, under in vivo
aneuwral conditions, muscle fibers regenerating from myoblasts within degeneration-
resistant basal laminae accumulate newly synthesized AChE at the sites of previous
motor endplates. In addition, along regenerating myotines, axtrajunctional AChE
accumulations and post junctional specializations are beeing formed. Pretreatment
of muscles with papain before reinplantation prevents the formation of both types
of accumulations, without affecting muscle regeneration.

It is suggested that basal Junctional lamira stores a protein or a protein-bound
substances which triggers in aneurally d=veloping myotubes the sarcolemmal altera-
tion and focalization of AChE.
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AGRIN: AN EXTRACELLULAR SYNAPTIC ORGANIZING MOLECULE. Uel J. McMahan.

Department of Newohiology, Stanford University School of Medicine, Stanford,
California 94305, U.S.A.

Studies conducted in this laboratory have demonstrated that the portion
of a muscle fiber's basal lamina sheath that octuples the synaptic cleft at
Lhe neuromuscular junction has stably bound to It molecules that direct the
rormation of postsynaptic apparatus on regenerating muscle fibers.
Accordingly, If muscles are damaged i{n ways that spare the basal lamina
sheaths of the muscle fibers, the néw muscle fiders that develop within the
sheaths form aggregates of acetylcholine receptors (AChR) and acetyl-
cholinesterase (AChE) where they contact the synaptic sites on tha sheaths
despite the absence of axon terminals. The extracellular zynaptic organizing
molecules in tha synaptic basal lamina may be identical to trose molecules
that mediate the nerve-induced formation of AChR and AChE aggregates in
developing myofibers during synaptiogenesis in the emdryo and they may also be
involvad in the maintenance of the postsynaptic apparatus in the adult.

Our studies have alsc led to the identification of agrin, a protei(n that
{s extracted from the synapse-rich electric organ of Torpedo californioa and
that may be similar to the AChR- and AChE-aggregating molecules in tha basal
lamina at thes nsuromuscular junction. For example, agrin is found {n basa’
lamina containing fractions of the electric organ, it induces the formation of
patches in cultured myotubes that contain a high concentration of AChRs, AChE
and other components of the postsynaptic apperstus, 1ow levels of a sfmilar
factor are found in extracts of muscle, and monhoclonal antibodies directed
against agrin recognize molecules highly concentrated in the synaptic basal
lamira at the neuromuscular junction in vivo., We have now purified agria to
homoganaity . determines fts n-terminal smino aaid ssquence, 2nd prsparsd
oligonucleotide probes with the aim of using molecular genetic techniques to
characterize agrin and atudy how the expression of agrin is regulated during
development and regeneration. :

I will document the above findings, discuss our progress in characteriz-
ing agrin and present results showing that the cell dodies of motor neuruns
contain agrin-like molecules, consistent with the hypothesis that the agrin-
1ike molecules in the synaptic basal lamina are produced by motor neurons and
released by the{r axon terminsls.




AGRIN: MECHANISM OF ACTION. Bruce G. Wallace. Dept. of Neurobiology, Stanford
University School of Medicine, Stanford, CA. 943D3.

Agrin inducas patches on chick myotubes in culture at which at least six
components of the postsynaptic spparatus sre concentrated! two extracellular matrix
melecules (a hepsrin sulfate proteoglycan and the A,, asymaetvic form of
acetyicholinesterase [AChE]), threc membrane proteins (acetylcholine receptors
[AChRe] and globular forms of AChE and butyrylcholincsterase), and a cytopiasmic
protein (a4 &3 &D receptor-associated protain). All of the aggregating activities
ara immunoprecipitated by each of 5 different anti-agrin monoclonal antibodies and
all activities copurify snd comigrate on gel filtration columns., The atudies
reported here were aimed et charsctarizing sgrin's effects on AChR distribution and
metabolism as a step tovard determining agrin's mechanism of action und comparing it
to the mechanism of nerve-induced receptor aggregation at developing neuromuscular
junctions.

The sccumulation of AChRs at developing neuromuscular junctions begins with the
formation of a loosa aggregate of small clusters of AChRs that subsequently coalesce
into a large, relatively ugiform patch, When agrin vas added to the medium bathing
chick myotubes small (<4um®) aggregates of AChRs began to appear within 2 hrs and
increased rapidly in number until 4 hro. Over the next 12-20 hrs the number of
aggreggtes per myotube decreased as the mean si:e of each sggregate increased to
=13 ym*. If newly formed junctions in vive are denervated there is a marked
dispersal of junctional AChRs. Similsrly, in sgrin-treated myotubes in culture,
aggregates of AChRs remained as long as sgrin vas present in the mediumj if agrin
was removad the number of aggregates declined slowly, MHost AChRs accumulated into
agrin-induced aggregates by lateral migration, as do many of the &ChRs that
sggregate at developing neuromuscular junctions. Agrin did not alter the rate of
sppesrance of new AChRs.

AChRs on embryonic myofibers arc degraded with a t =] day. Deys to weeks after
AChRs sccumulate at neuromuscular junctions their rate of degradaticn slows such
that AChRs sggregated at adult neurpmuscular junctions are degraded with a t u10
days. In'our chick myctube cultures, =852 of the AChRs were degraded at a ripid
rate (thuld). =15% turned over more slowly (t;«10d). Agrir-containing extracts
incresséd tha proportion of elowly turning ovér receptors to «201.

The formation and maintenznce of ACRR aggresates ar developing neuromuscular
junctions requirea €a’'. Agrin-induced AChR aggregation also reiuired c*¥; a half-
maximal vesponse Occu:r!d at 0.2 oM Ca**, Typical invrganic Ca*® antagonists, such
ay Co'", Mn ", and Mi' ', inhibited agrin-induced AChR sggregation. Two other
divalent catinns, H;*’ and 8r**, did not inhibit receptor sggregation in the
presence of ca**, but could not substitute for ca*t. Agrin-induced receptor
sgaregation also was inhibited by the phorbol ester TPA, an activator of protein
kinase C; 20 nM TPA coupletely prevented AChR aggregation. Two dimensional SDS-PAGCE
cf extracts of cultures identified several polypeptides thet were phosphorylated ‘n
response to TPA trestment., Agrin itself did not change the pattern of
phosphoproteins.

Thus sgrin induces AChRs in the myotube plasma membrane to accumulate into
aggregates by a rapid, €a** dependent process that is inhibited by protein kinase G-
mediated proteir phosphorylation and is accompanied by a decrsase in the rete of
degradation of @ fraction of AChRs. In many ways agrin's effects on cultured
myotubes mimic events that occur during formation of the neuromuscular junction in
vivo.
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ACETYLCROLINESTERASE IN KEGENERATING NFUROMUSCULAR JUNCTIONS.

Lili Anglister, Department of Anatomy and Embryology, Hebrew University-
Hadassah Medical School, Jerusalem, Israel.

Acetylcholinesterese (AChE) in skeletal muscle is concentrated at the
neuromuscular junctions., If muscles are damaged in ways that spare the
myofiber basal lamina sheaths, new nycfibers develop within the sheaths and
the damaged axons regrow to form new neurcomuscular junctlons on the
regenerating myofibers at tne original synaptic sites. AChE accumulates at
the regenerating neuromuscular junctions, and as at normel ones, a substantial
fraction of the enzyme is found in the synapric cleft where it is associsted
with the synaptic pcrtion of the bassl lamina, passing between nerve terminal
and myofiber. The studies we describe were aimed at learning vhethar synaptic
AChE is produced by muscle, nerve or both and whether basal lamine directs its
accumulation at the synaptic sites.

Frog muscles were damaged in a way that caused disintegration of the
myofibers while sparing basal lamina shesths. Myofibers were allowed to
regenerate but reinnervation vas deliderately prevented. The regenerating
myofiters produced new AChE which preferentially accumulated at pointe where
the plasma membrane of the new muscle fibers was apposed to the region of the
basal lamina that had occupied the synaptic sites at the original
neuromuscular junctions. The newly formed enzyme became incorporated into the
synaptic basal lamira. These results demonstrate that regenerating myofibers
produce synaptic AChE and that its accumulation is directed by svnaptic baaal
lamina.

A complementary study was carried out on operated frog muscles in which
myofibers hed been i1émuved from the bazsal lamina shearha. while leaving intact
motor axons, nerve terminals and synaptic basal lsmina sheaths., The nerve
terminals persisted at the synaptic aites on the sheaths in the absence of
myofibers and had all the structural features of normsl terminals. We found
out that these terminals produced surface AChE eand a substantial amount of the
newly formed enzyme became associated with the extracellular matrix at the
synaptic site, primerily with the synapric besal lamina adjacent to the
terminal. Nerve terminals that reinnervated synaptic basal lamina behaved
similariy. Thie finding shows that some of the AChE that ia made snd
transported by the motor nerve contributes directly to the synaptic cleft
enzyre.

We conclude that myofibers and nerve terminals can produce synaptic cleft
AChE and that its appearance in the regenerating neuromuscular junction is
directed by synaptic basal lamina. Other factors such #s nerve and muacle
activity may play a role in regulating the production and maintenance of the
synaptic enzyme.
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ROLE OF A NEURDTROPHIC FACTOR AND CALCIUM CHANNELS IN THE
REGULATION OF MCETYLCHOLINESTERASE IN CULTURED MUSCLE

N. Rosenberg end Z. Vogel

Dept. of Neurcbiology , Weizmamn Institute of Science,
Rehovot, 76100, Isrsel.

The accumulation of AChE in cultured mouse muscle celis
was foud to be stimiated by incubation of the cultures with
extracts prepared from rat braing., We have prified the stim-
ulatory activity by varicus HPIC procedures. The neurvtrophic
factor (NTF) preparation increased the scomulstion of true
ACHhE (EC 3.1.1.7) in a dose dependent mannar. Incubation with
NTF increased all AChE molecular forms in the muscle cultured
cells. However, the increase of the 168 form was relatively
more pronounced. In addition, treatment with NTF changed the
cellular distritution of AChE and increased the nurber of mem-
brane patchag{ containing high ocoazentrations of enzyme.
Increasing Ca“” concentration in the culture medium synergis-
tically i ths effect of NIF on AChE accumulation,
while Ca®* by itself had only a margine effect. The voltage
dependent Ca * charmel blocker, nitrendipine, inhibited tha
effects of NIF on the accumlation of ACHE. It also reduced
tha amount of AChE in the untreated oslls although to a lessaer
extent. Nitxendipine also inhibited the clugtering of AChE
seen in NIF-treated cells. W’ preircubation of C, mis-
cle with NTF irncressed the “°Cac* rate of influx into the
cells camparad with control.

The results, thus, suggest that NIF increases tha uptake of
Ca?* into the celis, bly through nitrendipino sensitive
sites. This upteke of Ca* plays a role in the regulation of
ACHE in e wells.

Supported by grants to Z.V, fam the Muscular Dystrophy
Association, the U.S.-Israel Binationsl Science Foundation and
tha Minerva Foundation, Mmnich, Germany, and by a short term
BEO fellowship to N.R.
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CHARGES IN THE LEVEL OF ACETYLCHOLINE RECEPTORS ARE MEDIATED BY CALCIUM
CONCENTRATION IN THE SARCOPLASMIC RETICULUM

hy Shainberg, A., Freud-Silverterg M. snd Brik, H.
Bar-1lam University, Ramat-Can 52100, Tsvael,

Regulation of the AR level, sscaysd by 1251-5 ~bungaretoxin
(1251-a -Bgt) hinding eites wsx studied in chick skeletal muscles diff-
erentisted in vitro. A large veriety of agente ¥nown to aifect wuecle con~
tractions snd calcium movement were invertigsted. The lavel of AR is in-
creaged by verious treatments which have o eimilar effact on cyroplasmic
Ca24, presumshly its asccumulation in the ssrcoplasmic reticulum (5R),
Thus, tetrodotoxin (TTX) eodive dantrolene, or C» channel bdlockers like
D600, which imhibit the wspontaneour ccntractions and trevefore probably
csuse gccumulstion of Ce2* in the SR, enbsnced veceptors synthesis.
Murcle insctivity per se is not encugh to cause receptor elevation. When
TTX was giver with low Ga?* {30 uM}, there was no incresse in receptor'e
leve)l. In captrast, there was receptor elevation whem iwmohilirzation vas
achieved with D6OD in low Cal*. ‘These resvits indicate ti.t Cal* is
required for the induction procers of the receptore synthesis. FHovewer,
it does rot hsve to he from an external source. The appavent contrsdic-
tion between the effects of low C82* in TTX and thome of D600 on ACHR,
could be explained by the porsibility that in the TTX group €2 is wot
sccumulated in the SR.  According to this mode), redistribution of Cal+
in the opposite dirvection - froo the SR to the myoplasm - is expected to
bring about s decresse in the level of AChR. Caffeire, which cavses
Ca2* release from the SR, indeed decressed the 12514 Byt binding.
Comparahle effects on Ca distribution and the Jevel of AChR were observed
vaing electricel stimulation (ES), cearbamylcholine or ryanodine,
Electrical stimulation of the muacle cultures in & frequemcy of 100 Hz for
1¢ wsp wore efficient in reducing the level of the rveceptors then chronic
1 Hz or 10 He for 10 s each 100 . Exposure of tFe wyotubes to E§ in high
K, which parsiyzed ibe wuscls, 2lra reduced the level of the receptors.
Forthermore, ES ivn low voltsge, inrufficient to 2licit zeacle contractionm,
vae 2100 effective in reducing the level of the receptors. We conclude thst
intracelluler Co?* relesae from the SR is & necessary medistor for the
decline in AChR syntherin. Since even wedias taken frow electricelly stimu-
1ated muscle cultures sre copeble >f inhibiting receptor synthesis a prop-
erty lost by heating, we ssxsume that electrically stimulated myotubes orob-
ably release to the medivo & protein{s) responsibie for reducing ACHhR syn-
therin. The level of this protein ia prohebly regulsted by Ca content in
the SR, Celcium in high concentration binds this protein and the synthesnis
of AChR ensuves., In conditions of low Cs in the SR thia protein remains
free, and syntheris of receptors ia veduced.
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THE EARLY MOMENTS OF SYNAPTOGENESIS: A PHYSICO-CHEMICAL VXEW.

Mu-ming Puo. Section of Molecular Neurobiology, Yale University School of
Medicine, New Haven, Ccnnecticut, U.S.A.

Synaptogeneais depends upon the fnteractions between specific wolecules.
Molecular specificity, however, operates only wien the interacting moleciles
are brought within solecular ranges. Nongpecific physical forces are probably
responsible for the spatisl arrangement of wolecules that sets the stage for
specitic moiecular interactions. Experimental and theoretical evidence suggest
that an fntricate cowbinaticn of specific chemical interactions and nonspecifice
physical processes may occur during the early moments of synaptogesis between
perve and muscle cells, Two cases will be considered:

1. DIFFUSION-MEDIATED TRAFPING of specific membrane-bound molecules at the site
of nerve-muscle contact may be an integral part of the process of cell-cell
recegnition, the develorment of selective cell adhesion, and the gelective
synaptic localization of transmitter recesptors and ion channels. The absence
of basal lamina durlng the early phase of synaptogenesis ailows for the close
apposition of pre- and post-syneptic plasma membranes. Thus, direct binding of
membrane components of two contacting surfaces is feasiole. This binding

provides the mechanism for the diffusion-mediated trapping of specific
moleculeg.

2. ELETROKINETIC MIGRATION of membr.—e and cytoplasmic components induced by
local synaptic currents may impose a bing in their distribution, and facilitate
localized molecular interactions at the synaptic site, Contact with the muscle
cell triggers a pulsatile release of acetylcholine from the nesve terminal,
leading to local synaptic current within seconds after nerve-muscle contact,
Such current generutes substantial electric fi=ld (0.1 to 1.0 V/em) in the
cytoplasm and along the membrane of the muscle cell. Studies on model systens
indicate that such a field is capoble of inducing electrckinetic
(electrophoretic or electro-osmotic) migration of both cytoplasmic end membrane
components. The direct electrokinetic action of the synaptic currert may help
tn localire or coacenisate the cyioplasmie escond wessengers, the cellular
organelles, and the substrates Tor local molecular intéractions. It als=o
provides a celiular mechanism for an activity-dependent stabilization of the
synapse, and a basis for competition among multiple synaptic contacts on the
same postsynaptic cell.
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SHORT AND LONG TERM EFFECTS OF ALUMINUM ON SYNAPTIC TRANSMISSION AND ON THE
ACTIVITY OF CULTURED NERVE CELLS. Hslina Meiri, Eyal Banin snd Michal Roll,
Dept. of Physiology, Hebrew University-Hadassah Medical School, Jerusalem,
ISRAEL.

Elevated bratin concentrations of aluminum which are 0%{c to wmany
biochemical processes are found in a few neurological conditions in humans.
In the senile and presenfle dementis of slzheimer type 20d 1in the Gusm
partinsonian-dementia complex, slumimm 1s lecalfized at sites bearing typical
neurofibrillary degerierations. In dialysis encephslcpathy extremely high
levels ot aluminum in the bratin tissue occur in the absence of characteristic
neuropathology. The etiological importance of aluminum to these dissasen is
etill questionable and its contribution to the reurological symptoms in human
patients s difficult to avaluate. However, in experimental animals
neurological disordera associsted with neurofibrillary degeneration hava been

induced by intracerebral injection vith aluvainua.

In this study, ve attempted to relu-te to functional rather than
pathological aspects of sluminum neurntoxicity at the level of a singla nerve
cell and an individual synapse. Electrical sctivity of two isolated
preparations exposed to aluminus wus exomined: the frog cutaneous pactoris
motor synapse and the tuzor cells of the mouse neuroblastoma line NIE-115,
Conventional electrophysiologicel techniques and computer aszisted analyais
were utilized to wonitor synaptic potentials and neuronal sction potentials at
alwminum exposed celis.

The fellowing results were observad:
A. Isolated frog neuromuscular Jjuncitlon:

Aluainua (6-200,:3/-1) has a dual effect on synaptic transmissions

1. Within tw hours of aluminum sduiniastration to the experimyntal bath
both the gquantal content of evoked &cetyicholine release and the
frequency of spontaneous transmiiter secretion are simultaneously
augmented by (15~10CX) 1n a dose dependent mannar. This affect 1is
independent of the concentrstion of calcium fons Iin the extracellulasr
solution.
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2. Deteriforation of activity at nerve torminily detached from their motor
nerve cells fs accrlevated in the presence of z2luminum., An f{solated
control neuromugcular preparstion constantly stimulated at a frequency of
0.1-0.3 He, stops releasing transmitter after 18.01}.5 hours. In the
presence of aluminum evoked acetylcholine relcase stops earlier, afier
11.2+3.2 houre. Spontaneous secretion of individual quanta from an
unstimul ated nerve persists for more than 36 hours {ndependently of

aluminum.

B. Neuroblastoma cells in cuiture:

Diffareutisted nevroblastoma cells in culture deteriorate when exposed to
al'minum. Following addition of ALCl3 to the culture dish containing the
cells, progresgive changes in the shape of their action potential are
observed. Within 6-6 days, the cells fail to respond to electrical
stimulation. The vulnerability to aluminum toxicity is higher in
differentiated cells than during the other phasee of the cell cycle.

Prolifernring neuroblastoma celis maintained in aluminum contafning
solution aifferenti{ate normally when exposed to DMS0; they develop
neurites and respond to electrical atimulation with characteristic
polyphesic action potentiale. However, once differerntiatrsd they
deteriorate within 4-6 days vhereas control cells, kept without aluminum,

function properly for at least 14 days.

In conclusion, a2luminum at concentcations found in the brain tissue of
some demented patients affects the activity of fsolated nerve cells and
synapses: 1{t Interferes with the control of synaptic transmission and

accelerates the deterioration of mature nerve cells.
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ANTIBODIES TO CHOLINERGIC NEURONS IN ALZHEIMER'S DISEASE

paniel M. Michaelson, Joab Chapman, Crit Bachar, Amos D.
Korczyn , ellyanhu wertman and Yoram Feldon®,

Departnients of Biochemistry and Psychology*. el Aviv University;
Lepartment of Neuroloyy, Icnilov Medical genter ~, and Department
of Neurogeriatrics, Ezrat Nasnim Hospital .

Alzneirer's disease (AD) is associated with a rediction in
presynaptic cholinergic parameters in the cortex and hippocampus.
Although thae etiology and patnogenesis of AD are not known,
several reports indicate the involvement of immunological
mechanisms. In the present work we #xamined the existence of
antirodies in AD sera wnicn bind specifically to cholinergic
neurons and investigated their role in the disease. A8 antigans
we employed the purely cholinergic electxomotor neurons of the
electric fisn Torpedo. These neurons are chemically homoyenscus
and cross react antigenically with human and masmmalian
cholinergic neurons.

our findings, pased on immunoblct assays, show that AD
immunoglobuling bind to & specific polypeptide (PK124) in the
cholineryir cell bodies of Torpedo electromotor neurons, and that
immunoglobulins of patients with other dementias and neurological
disorders do not bind to the this antigen.

The possibility that the anti-PK120 antibodies play a role
in the development of cholinergic dysfunction in AD was examined
by immunizing ratg with Torpeds cholineraiec cell hodies ana
assessing the resulting effects on their brain cholinerxrgic
neurons and on their behaviour. Prolonged immuniszation with this
antigen (?]1 year) resulted in impaired spatial learning (i-test
and Morris woter maze) and in specific changes in the lavel of
cholineacetyltransferase and acetylcholinesterasa activities in
the rat brain. The extent to whicn this system may be used as a
model for the study of immurnological mecnanisms in AD will be
discussed,
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Alternative splicing generates different mRNAs for the catalytic subunits of
globular and asymmetric forms of Torpedo acetylcholinesterase

Jean Massoulié, Jean-Louvis Sikorav, Eric Krejci and Bernard Reimund
Laboratoire de Neurobiologie, Ecole Normale Supérieure, 75005 Paris, france

The electric organs of Torpedo contain asymmetric and globular forms of
AChE. In the asymmetric forms, the catalytic subunits (type A) are associated
through disulfide bonds to a collagen-like tail, which inserts the enzyme in the
tasal lamina. In the globular, dimeric form, the catalytic subunits (type §)
possess a C-terminal-linked glycolipid which anchors them in the cellular
membranes.

We have used cONA probes corresponding to the C-terminal portion of the A
subunit to demonstrate the existence of distinct mRNAs by S1 mapping analysis,
and thus determined the position of a divergence. We have isolated a cDNA clane,
the sequence of which differs from that of the A form (Schumacher et al., 1985;
Sikorav et al., 1987), downstream from that ‘diveryence. The divergent sequence
codes for a 30 aminoacid extension possessing the following characteristics.

1) It starts with Ala-Cys (at positions 538-539 of the mature protein), i.e. the
sequence of the C-terminal peptide which is amide-linked to the glycolipid, as
determined by P. Tayior {personai comminication}. 2) The cxtencion showed a clear
homology to the corresponding sequence of Drosophila AChE, which is indeed known
to consist of glycolipid-anchored dimers. 3) The end of the 30 aminoacid
extension is hydrophobic.

We conclude that this ¢DNA corresponds to the catalytic subunit of the
amphiphilic G2 form. Like other glycolipid anchored proteins, this type of
AChE subunit is therefore synthesized as a precursor possessing a {-terminal
extension which is exchanged for the glycolipid after completion of its
synthesis.

Further analyses of cDNA and genomic sequences will clarify the
mechanisms of alternative splicing in the generation of AChE molecular forms.

Schumacher, M., Camp, S., Maulet, Y., Newton. M., McPhee-Quigley, K., Taylor,

S.S., Friedmann, T. and Taylor, P. (1986) Nature, 319, 407-409.
Sikorav, J.-L., Krejci, E. and Massoulie, J. (1987) EMBO J., 6, 1865-1873.
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Molecular Structures and Gene Organization of the
Cholinesterase Species. Palmer Taylor, Mark
Schumacher, Yves Maulet, Michael Newton, Katherine
Quigley, Shelley Camp, Gretchen Gibney and Susan
Taylor, University of California, San Diego, La
Jolla, California 92093

The determination of the primary structure of ths
cholinesterases obtained either f£xom the c-DNA
sequence cr from direct amino acid sequencing has
yielded essential information on structures of the
various cholinesterases and their relationship to
other proteins. Analysis of disulfide-linked
peptides has shown three internal loops in the
molecule and that the most C-terminal cysteine
forms the intersubunit disulfide linkage. Torpedo
acetylcholinesterase and human butyrylcholin-
esterase show 53% residue identity. Less homology
is seen with the Drosophila enzyme but the cysteine
positions show similaxr disulfide arrangements in
the enzyme. The overall sequence homology betwsen
acetylcholinesterase, the C-terminal portion of
thyroglobulin, an inducible protein in Dictyoste-
lium and other esterases suggests a larger gene
family for acetylcnolinesterase. The availability
of several c-DNA clones for acetylcholinesterase
also permits an analysis of messenger RNA species.
Genomic cloning and RNAase digestion experiments
reveal a point of divergence in the acetylcholin-
esterase messages and have permitted the analysis
of the molecular basis of the polymorphism of
acetylcholinesterase. This Information has been
correlated with differences in amino acid sequence
between the asymmetric and hydrophobic species of
acetylcholinesterase.
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THE BIOGENESIS OF ACETYLCROLINESTERASE IN NERVES AND MUSCLE

Richard L. Rotundo, Anna M. Gomer, Cristina Fernandez-Valle,
Karin Fendl, and William R. Randall

Department of Anatomy and Cell Biolagy
University of Miami School of Medicine
Miawi, Florida 33101

Acetylcholinestersse (ACHE) is expressed in nuwmerous vertebrate
cellg including neurons, wmuscle, endocrine, and hew:topoietic., Each
tissue in turn expresses & complex vet characteristic pattern of AChE
formg which differ in oligomeric structure, hydrcphobicity, and
subcellular localization. We have studied the biogenesis of these
multiple AChE forms to determine the wmolecular basis for this
diversity and to understand how electrically excitable cells regulate
sand terget identified synaptic components to highly specialized
functional domains on their plasms membranes. We now present evidence
that all AChE forms in electrically excitable cells are encoded by a
single gene and therefore the diversity of molecular forms most likely
arises by post-transcriptionsl and/oxr post-translational events
including assembly and post-translational wodifications.

Chicken and quafl express two allalic forms of the AChE catalytic
subunit polypeptide which differ by an apparent 5-10K daltons on SDS
polyscrylamide gels. Individual quails express either the alpha
(110 KDa) or beta (100 KDa) AChE subunite, or both. Our studies in
qusils show that the alpha and beta AChE alleles occur with a
fraguency of 0.7 and 0.3 respectively in our sample population and im
mating experiments segregaié as co-dominant sstosemal loci In classic
Mendelian- fashion. Within individuals, neurons and muscle celle alvays
express the same AChE sllelesr. Furthermore, the same alleles arc
expressed  in all oligoweric AChE forms, whether globular or.
aocymometric. These studies indicate that all AChE forms in nerves and
muscl- are encoded by & single gene.

Newvly synthesired AChE polypeptide chains in neurons and muscle
appesr identical by EDS gel electrophoresis. Unlike the mature AChE in
chicken neurons, or the membrane-bourd human erythrocyte AChE, the
newly synthesized neuronal AChE molecuies du not aggregate ip the
sbsence of detergents nor exhibit altered mobility by charge-shift gal
electrophoresis indicating that they are not initially hydrophobic. It
appesrs that the hydrophobic property of a subset of the neuronal AChE
polypeptides is acquired during a subsequent maturational step. Muscle
cells, on the other hand, do not appesr to synthesire and assemble
detectable quancities of the hydrophobic AChE polypeptide chaing, The
biogenesis of the various AChE forws will be discussed in relation to
targeting these molecules to specislized regions of the plasua
wepbrane in electrically excitable cells,
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AVIAX ACETTLCHOLINESTERASE: MOLECULAN STUDIES ON THE STROCTURX AND
RYGULATION OF THE ASYMKETRIC PORM IN MUSCLE.

W. R. Randall*, K.¥.X. Tsim and E.A. Barnard

MRC Molecular Neurobiology Unit, University of Cambridge Medical
School, R'1ls Road, Cacbridge, Oreatr Britain

* Current address: Dept. of Anatomy and Cell Biology (R-124),
University of Miami Medical School, Mismi, Florida 33101 VSA

Acetylcholinestersse (AChE) {in cholinergic tisasues occurs as a
series of oligoweric forms. The largest of these forms contains a
dimensionally asymsetric (rollagen-like) subunit in additien to the
globular  catslytic subunite. These asymmetric forms ara the
predominant  species at the neurowuocular junction where their
localization ard appearance are directly dependent upon functional
innervation. In birds or wammals thexe forms disappear following
denervation or blockage of neurotransmission. During embryonie
developwent, these forms become specifically localized at high density
on the synaptic besal lamina et the earliest stages of skeletsl muscle

innervation.

To study the wechansime underlying regulation of appesrsnce and
localization of the asymmetric AChE foxus wa have purified thim enzyme
from newly hatched chicken pectoral wmuscle using immunceffinity
wethods. The purified asymmetric AChE exhibits f{nhibition properties
ot both ACRE and butyrylzholinearerase (ChE) and contsins thres
subunits with apparent wolecular weighis of 110 XDz, 72 kDa and 58
kDa. Inhibitor dbinding and apecificity to wAbe directad against AChE
and ChE indicate that the 110-kDa subunit containy the AChE catalytic
site vhereas the 72<kDx subunit is & Ch¥ cetalytic subunit. All these
types of subunits (of this bhybrid form) are linked cogether by
disulfide bonda. A model for this new "hybrid” asymmetric form found
in developing chicken wuscle will be presented.

We have exarined the expression of the ACHE catalytie subunit
mRNA transcripis during muscle development by Northern hybridisation
a cDNA encoding the AChE catalytic subunit from chicken muscle.

using
cDNAs were isolated from a gt 10 cDNA library derived from 13-day
epbryonic chicken muscle paly A+ RNA by cross hybridization using an

oligonucleotide probe synthesized from selected nucleic scid sequences
of the analogour enzxywe from Tpxpedn califormica. The isolated c¢DNAw
showed high regional homology with the deduced sequence from Torpedo
AChE, showed divergence in sevcral of these howologous regions frow
the deducad sequence for human brain ChE, and shoved spscificity to
transcripte for AChE but not ChE by Northern hlot mnalysis. Thie cDMA
with the highest inteneity to three transcripts within 14-

hybridizes

day-embrycnic poly A+ RNA in Northern blots from wuscles of 10-day-
cubryonic te nevly-hstched chickens. TFurther analysss and
quantitetion of the transcripts encoding these AChE subunits during

wuscle development and eynaptogenesie vill be presented.
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STRUCTURAL AND IMMUNOCHEMICAL PROPERTIES OF
FETAL BOVINE SERUM ACETYLCHOLINESTERASE

B P DOCTOR

Division of Biochemistry
Walter Reed Army Institute of Research
Washington D.C.20307-5100 U.S.A.

We have recently shown that there are structural and conformaticial
differences in the vicinity of the active center domailns of fetal bovine serum
acetylcholinesterase (FBS-AChE) and Torpedo AChE (Kopec et al. {1987) Fed.
Proc. 46, 285). This conclusion was reached on the basis of determination of
the sequence of the first 105 amino acid residues at the amino terminus of
FBS-AChE and of the differential inhibition of catulytic activity of these two
enzymes by the monorlonal antibedy AE-2. - epitope for MAb AE-2 is located
between amino acids 52 and B2 of FBS-AChE.

We have elucidated approrimately 90% of the amino acid sequence of FBS-
AChE and compared it with those of Torpede AChE (Schumacher et al. (1986)
Nature 319, 40T) and human serum BuChE (Lnckridge et al. (1987) JBC 262,
549). FBS AChE shows approximately £0% and 50% amino acid sequence homology
with Torpedo AChE and with human serum BuChE, respectively. There are long
stretches in the amino acid sequences of FBS-AChE and of Torpedo AChE in which
very high sequence homology is observed, whereas other regions display little
or no sequence homology. There are seven cysteine residues in FB3-AChE as
against eight in Torpede, Cys 231 being replaced by glycine. We have so far
lorated five of the remaining six cysteine residues in FBS-AChE, all of which
are located ab the same positions as in the Torpede enzyme, as is the active
site serine. Comparison of the amino acid sequences of the three
cholinesterases permits the proposal of candidate aspartic acid and histidine
residues ghich may bte involved in the charge relay systems of these serine

esterases,
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BIOGENESIS OF HUMAN CHOLINESTERASES: FROM GENE TO PROTEIN

Herwona Screq

Department of Biologicm) Chemistry, The Life Sciences Institute, The Hebrew University,
Jerusalem 91904, Israel

Cholinesterases (ChEs) are highly polymorphic serine hydrolsses involved in the
ternination of neurotransmission in cholinergic synapses and neuromuscular junctions {1].
Both the levels and the molecular forms of ChEs were ghown to be modulated during
development, denervation and regeaeration processes in various species [2). In order to
examine the molecular mechanisms underlying these phenomena in husans, we have used
oligodeoxynucleotide probes to isolate full-length cDNA clones coding for human ChE {3.4].
These clones are currently employed in our laboratory to study the biogenesis of human ChE
at various levels of gene expression.

35 Seversl genes encode for huwan cholinesterases. In_ sity hybridization of
[-°S]-labled ChEcDNA to spread human chromosomes revealed sitea for ChE genes on twe
differe@% chromsomes, No. 3 and 16 [5,6]. Screening of sgeveral genomic DNA libraries,
using [““P]-ChEcDNA as a probe, enabled the isolation of genomic DNA fregments derived
from at least 3 different genes, one of which {on chromosome 3)appears to contain multiple
introns, whereas 2 others (on chromosomes 3 and 16) appesr to be processed genes,
originated by post-transcriptional events from the latter ([7.8]. When combined with
published genetic linkage evidence [9], these findings imply that at least 2 genes (the
original one and a processed one) may direct the synthesis of active ChE in humans.

Active transcritpion of ChE genes in human oocytes. Oocytes from different species
display cholinoceptive properties [10] end ChE activities [11]. Using in situ hybridiztion
to frozen ovarian sections, we detected high amounts of ChEmRNA transcripts in developing
human oocytes [12,13]). The ciuhanced transcriptisn of ChE genes In oocytes suggosts that
ChEs are involved in oogenesis and/or sperm-egg interaction processes. It also impliess
that if processed ChEDNA sequences ere re-inserted into the g:nome by post-transcriptional
mechanisms, they would be inheritable, which may explain the origin of the processed ChE
genes in humans.

Alternate transcription of ChE genes in nervous system tumors. Previous studies have
shown distinct patterns of ChE molecular forms in various brain tumors [14] as compared
with normal brain [15]. To exsmine whether these arise from alternative transcription of
the ChE genes, CDNA libraries from various tissue origins were screened using labeled
ChECDNA and synthetic oligonucleotides. Evidence for both alternativa saplicing and
wuitiple termination sites was found in ChEcDNA clones from glioblastomsa and neuroblastoma
tumors, but not in normal tissues [16].

Synthetic ChEaRNA is sufficient to produce uctive ChE in microinjected cocyces, while
additional mRNAs contribute to the tissue-specific properties of ChEs. Synthetic ChEmANA,
transcribed off the human ChEcDNA clone, was microinjected into Xenopus oocytes, where
tissue ChEzRNA was shown to be translated into active ChE [17,18]. The clone-produced
ChEmRNA was highly efficient in inducing the synthesis, assembly into dimers and mecbrane
association of active ChE wmolecules with higu affinity towards epecific substrates and
inh{bitors. Co-injection with brain polyjA) RNA further enabled the assewubly of ChE into
tetramers, whereas with muscle poly(A) RNA heavier memhrane-associated forms appenared
[19]). Thus the tissue-specific expression patterns of ChE genes depend first on the mRNA
ccding for <the catalytic ChE subunit but aiso on other wmRNAs, probably coding for
non-catalytic "tail® subunits and/or for proteins performing post-translational
Processes.

Antibodies to clone-produced human ChE interact with multiple ChE forms end with
thyroglobulin. Bacterial expression of ChEcDNA enabled the production of ChE peptides and
tha elicitation of antibodies against those. These antibodies interact with various
denatured and native forms of ChEs as well as with purified human thyroglebulin (Tg),
which bears sequence homclogy with ChE [7,20]. Reciprocal experiments have shown that
sutoantibodies to Tg in hyperthyroid patients interact with the blotted ChE peptides es
well as with ChE in endplates of fetal wmuscle fibers, which may explain the
cholinergic-related symptoms implicated with hyperthyroidisa {21}.
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Current research in our laboratory continues along these lines, aiming to relate the

expression of particular ChE genes and their @RNA transcripts to defined tf{ssue-specific
moiecular forma of ChE in humans.
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STRUCTURE~FUNCTION RELATIONSHIPS IN HUMAN CHOLINESTERASE APPROACHED BY MICROINJECTING
XENOPUS CQOCYTES WITH CLONE-PRODUCEN SPSIRNA

Patrick Dreyfus*, Dina Zevin-Sonkin®, Shlomo Seidman®, Heim Zakut+ mnd Hermona Soreg®
*Department of Biological Chemistry, The Life Sciernces Institute, The Hebrew University,
Jerusalem, 93904,

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

Cholinesterases {(ChE) are ubiquitous, highly polyworphic serine hydrolases degrading
acetycholine. The varicus forms of ChL in different tissues way be distinguished by their
substrate specifities and sensitivity to selective inhibitors, as well ag by their
subcellular and cell type localization and by the different nature and number of catalytis
and non-catalytic ("tail") subunits composing each form [1). For example, the major ChE
form in the human serum is globular solublé tetramers of butyryicholinesterase (BuChE),
highly sensitive to the organophosphorous compound i1sc-OMPA [2], In contrast,
sembrane-assuciated dimers of acetylcholinesterase (AChE} appesr on red blood cells and
are sensitive to the gquarternary compound BW284C51 [3). Heavy "tailed” fcrms of
membrane-associatad AChE are characteristic of suscle [4], whereas AChE tetramers are the
major ChE form in the human brein [5]. In order to approach the molecular mechanisms
urderlying the biogenesis of the polymorphic human ChEs, a full length cDNA clone coding
for human serum BuChE {§] was subcloned into the SP, transcription vector [7]. Synthetic
polyadenylated ChEmRNA was transcribed in vitro off these constructs and microinjected
into Xenopus oocytes, where the translation of ChEmRNA [8], as well as the
post-translational processing and subcellular compartmentalization of the catalytically
active enzyme product take place [9,10].

vhen injected alone, the synthetic clone-produced ChEmRNA induced in the oocytes the
synthesig of ChE capable of degrading acetylthiocholine {AcThCh) and butyrylthiocholine
(BuThCh) in the range of nicromoles/hr/ng of injecected SP. ChEmRNA, several orders of
magnitude higher than the activities produced in oocytes” injected with non~eng§chg?
poly(A) RNA -1_01]. The nascent cytoplasmic enzyme displayed km values of 6.3 x 10 " M
and 1.7 x 107 M towards BuThCh and AcThCh, respectively, as expected from human BuChE
[11]. Also, the BuChE-specific organophocphorous Inhibitor iso-CMPA (but not the
AChE-specific inhibitor Bw284C51) blocked this ChE activity in the uicromolar range,
similar to thair action on serum BuC % [12]. In conirast, the membrane-essociated fraction
of the enzyme displayed w# velues of ¢a. 2 % 10 ° M * towards both substrates, and was
sensitive to the AChE-specific inhibitor BW284C51 es well, at the same concentration
(1.10 ©° M) as the red blood cell AChE.

Subcellular fractionation of the SP, ChEmRNA injected ococytes, followed by sucrose
gredient centrifugation and ectivity measurements, revealed that the cione-produced enzyme
appears as Assezbled dimers in the oocyte's cytoplasm, memdbrane-sssociated fraction and
incubation medium. Co-injection of SP, ChExRNA with unfractionated total poly(A)¢ brein
RNA  induced the formation of ChE tetramers, sedimenting es 12 S, 1in the
membrane-associsted fraction. When liver poly(A)+ RNA was co-injected, the activity was
painly constituted of light forws {mostly monomers and dimers). Finslly, co-injection with
puscle poly(A)+RNA resulted in the appearance of heavy, perhaps tailed forms. associated
with the membrane of the injected oocytes. Altogether, these findings demonstrate that:
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8)

596 ChEmRNA by itself is sufficient for the biosynthusis, assembly into disers and
association with tha sembrane of active ChE;

b} The affinity of PBuChE towards specific substrates and its sensitivity to
organophosphates are most probsbly inherent properties of the primary amino acid
sequence, whereas the sensitivity to ths reversible AChE inhibitor BW2BLUCS51 may be
acquired through post-translational processing; and

c¢) The correct formstion of multi-subunit nclecular forms of ChE in particular tissues
requires both ChEmRNA and other, tiasue-spacific proteins, that are absent froa Xenopus
oocytes.
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COVALENTLY ATTACHED PHOSPHATIDYLINOSITOL AS THE MEMBRANE-ANCHORING
DCMAIN OF TORPEDO ACETYLCHOLINESTERASE

Anthorry H. Futermin and Israel Silman
Department of Neuroblology, Welzmwn Institute of Sclence, Rehowot, Israel

Acetylchoiinesterase (AChE) is one of the growing qroup of proteins which are
attached to the plasma-mambrane via covalently bound PI. Evidence for this
role of PI comes from two experimentai approaches: 1) Selective releass of
these proteins bty a phosphatidyiinositol-specific phospholipass € (PIPLC)
frem Staphylococcus aureus; 2) Chemical snalysis of their membrane-anchoring
domain, AChE from Torpedo elactric orgen was one of the first such proteins
to be described. Hpdrophobic forms of Torpedo AChE csn be selectively
released from merbranes on addition of PIPLC! in addition, chemical snalysis
of the membrane-anchoring domain of AChE reveals stoichiometric amounts of
inositol phosphate covalently attached, by a glycosidic linkege, t0 a non-
acetylated sugar residue, which is itself attached to the pxotein polypeptide
backbone, probably via an intervening oligoglycan. Further, spproximately 3
noles of phosphate are found in this domain and GC/MS analysis reveals that
the PI acnsists of a mixture of fatly scids, of which stearate and palmitata
are major components. Evidence will be presented for homology batween AChE
and a nutber of other pruteins anchored vis PI.

In order t0 examine the localizaticn, distribution, sites of biosynthe-
sis and ontogeny of the post-translaticnal addition of the PI-glycolipid to
the polypeptide backbone of the AChE catalytic subunit, the susceptibility of
AChE to PIPIC during the embryonic development of Toxpedo electric organ amd
in the electromntor system and othar excdtable tissues of the adult Torpedo
ocel ata was tested. PiFIC sclubilizea signi“icant amounts of the mambrane-
bours: form of AChE throughout embryonic devel ment of the electric organ, es
it dres in the adult electric argan. In ¥ electromotor systen of the
mature fish, PIFLC solubilizes almost quantitatively the AChE dimex in the
electramtor axon as in the elecitric organ itself, but the corresponding
fracticn in the slscixic lobs is aimost totally resistent &5 the plospholl-
pasa. This firding implies that the tovelently bound phosphatidylinositol is
added concomitantly with axonsl transport. A substantial part of the mem-
brane-bound AChE in back muscle is sensitive o PIFLC, whereas the membrane-
bound form in Torpedo brain is completely resistont.

The possible functional significance of using PI as a membrane anchor
for ACheE will be discussed.
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TEE VOLTAGE-DEPENDENRCE OF THANSHITYER RELEASE

Robert 8. Zucker
Physiology—Anatomy Dept.
Univeraity »f Californis

Berkeley, CA 94720 1¥.S.A.

In 1981, Llinds et al. (Biophys. J. 33:323) reported that transmitter
release at the squid giant syoapse sppeared to be voltage-dependent. Large
depoiarizations spproaching the calciva equilibrium potentisl admit the seme
calcium influx presypaptically durisg tbe pulse ae amall ones, but the larger
pulses released more transwitter. Subsequently, Augustine at sl. (J. Fhysiol.,
Lond. 367:163, 1985) e¢howed that thie was partly due to the lsrgs calcium tail
current folloving large pulses, and reduced the effect by restric: ‘ng sttention
only to release during the pulse. They further found that by comsidering
synaptic delay and plotting release at a short time sfter presynaptic curreat,
this voltage-dependence sometimes vanished, ‘

Meanvhile, Simon and Llinks (Biophys. J. 48:485, 1985) and Fogelson and I
(Biophye. J. 48:1003, 1985) developed ways of predicting the local presynaptic
calcium concentration at relesse sites near calcium channels., Ve considered the
diffusion of caleium afver influx throcugh channels into cytoplasm, witk bLinding
to cytoplasmic buffer. Calcium was removed by uptake into organelles, or
extrusion by surface pumps. All parsmeters had been measured independently.
Calcium channels and release sites wvere located according t> microscopic
evidevce.

Simulations using these models shewed that large depolarizations lead to
different distributioos of presynaptic calcium tban 6o small ones. Large
depolariszations oper more chanrels, with less influx per channel, leading to a
wmore uniform distribution of submembrame calcium. Simon and Llinfs considered
that the power-lav dependance of transmittex release might indicate activation of
vesicles it multiple pointy, leading to more effestive release when many channels
open near & vesicla. 1 and Fogelson (Proc. Natl. Acad. Sci. USA 83:3032, 19B6)
considersd that the nonlicesr dependause of relessz ca esxternal caleimm
conceatration might reflect cooperativity of calcium sction at single sites, and
that higher voltages opening more channels cause the calcium dowains, or clouds
of calcimm ions surrounding chaonel mouths, to overlap aud result in higher
calcium concentrations at release sites. Both models predict a larger
transmittex release at higher voltages admittinrg the same overall amount of
calcium presynapticelly as lower volteges, without implicating any voltage-
sensitive step iv transmitter release.

Paruss and Parvas have performed a very different series of experiments on
neuromuscular junctiens (Parpas apd Parnss, J. Physiol., Paris 81:289, 1986),
suggesting that in addition to the effect of calcium on release, voltage directly
controls the releese process, too. They propose that presypaptic calcium
enebles release, but that in uddition presynaptic deprlarization io required for
exocytosis. We tested this hypothesis (Zucker end Lacdd, Science 231:574,
1986) by using byperosmotic treatment or mitochondriasl uncouplers to elevate
presynaptic calcium sufficiently to trigger substantial spontaneous release.
Calcium influx was prevented by chelsting external cslcium. Depolaerization thenm
l¢ada to calcium e¢fflux through open calcium . hannels, and this effect can be
blocked with calciuw antagomicta (Landd et el., J. Neurobiol. 17:707, 1986).
However, depolerization failed to evoke release, even when presynaptic cslcium
wes high. Coutrols showed that the trestwents used did mot block the phasic
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releaaz process.

Ve re-evaluated the evidence that had been presented in support of a direct
effect of voltage. Macro-patch electrcder were used to excite nerve terminals
twice, As the first pulse increased, release increased while facilitation
measured by the second pulse decressed. Although this could indicate an increase
in relesse while calcium influx decreaned in the firat pulse, we found evidence
that pulses of different amplitudes preferentislly activate different terwinals,
Increasing the first pulse recruited distsnt terminals, vhich were not tested by
¢ spall second pulse. 4 large second pulse testing these torminals showed
facilitation to iacresse as the first pulse increased. When the fixat pulse is
given intracellularly and the test pulse still uses u macro-patch electrode, the
sanme interpretation of the resulte is possible {Zucker et al., J. Physiol., Psris
63:237, 1986),

Another experiwent icdicated that & small pulse alone releaged alwmost no
transmitter, while after a spike train it triggered massive release. We found
this result to ceflect changes in terminal excitability following the train, such
that a subthreshold pulse triggexed an action porentisl after a train., Bimilar,
but less dramatic results, could be obtained in tetrodotoxin, where calcium
spikes at perve terminals can still occur.

The time courte of transmitter release remains remsrkably invariant with
changes of calefum influx ond resting calcium. Although some formulations of the
calcium hypothesis of releaze contredict this, our simulatione of presynsptic
calcium transients indicate that this result is expected, especially if the rise
in active calcium is not the rate~limiting step in exocytomis.

Small hyperpolarizing pulses just before or sfter a depolarizing pulsa can
have large effecis on release by the pulse, dut little effect on subsequent
release by a second test pulse. Thia vas taken to indicate that the smell
hyperpolarizations affected release directly without affecting calcium influx
snd subsequent facilitatiom. However, it is 2asily shown (Zuckex, Bicphys. J.,
in press, 1987) that small chaoges in calcium influx will have large effects on
release but wvery small and probably undeteciable effects on subsequent
fTacilitation.

In conciuvsion, there ie no evidence ituami pre

syoaptic potantial during a
spike has any effect on transmitter release beyond §

52
ts effect on calcium santry.
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Shori Tarm and long term regulation of transwitter relesse. By
R. Rghauiuoﬂ'., S.A. Deitncr*’., S. Ginshurg '”'. B. Saknann.. R. Shlpiru',
S. Silherbetg' and H. Stadler’.

Department of Physiolosy'. Hebrew University-Radassah Medical Scheool,
Jerusalen.

Department of Bclogical Sciencen”'. Columbis University, Naw York, USA.
Everyusn's University'™, Tel Aviv, ISRAZL

Max Planck Institute for Biophyaical Chelhtry', Gottingen, FRG,

The synspse is the site of many short term and long term changes in
transnission efficiency. In this communication we concentrete on four recent
findings regarding the preaynaptic nerve terminal and trarsmitter liberacion.
1. Extracellular calcfum fnhomogeneity. Clamping the extracellular free

calc{um concentration ([Cale) to values found in rhe bulk soluticon by calcium
buffers, produces a reductifon in quantal trarsmitter liberstion. This
{ndicates that [Cajy is higher near the rclesse sites (presumsbly the synaptic
cleft), than in the bulk extraceilular medium. We do not know whether this
inhomogeneity is due to localized extrusion processes directed towards the
pynaptic cleft generating s standing concentration gradient or due to local
calcium binding molecules. Whatever the csuse for this inhomogeneity wiil
turn out to be, it can produce long term changes {n the attount of transmitter
libersted and thus can regulate the synaptic efficiency.

2. Slow depression in transmitter relesse. Prolonged stimulation of the

presynaptic nerve terminal at iow rates {0.067 to 0.5 Hz) producess 2 slow
dacrease in the end plate potential amplitude at the frog neuromuscular
junction blocked by d-tubocurarine or »~bungarotoxin. This slow depression
which can reach 50X of the initial response, develops over many minutes and is
of presynaptic origin. Fluctuation analysis by the group regression method
shows that 1t {s due to a reduction in the number of quanta released by the
nerve impulse. Furthermore, fonophoretic application of acetylecholine does
not reveal any substantial change in the post synaptic sensitivity. This slow
depregsion seems to be an additional frequency modulator of synaptic

transsission.
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3. The phosphoinositide pathvay. 1In recent years there is a grea: reneved

interegt {n the phosphoinositide second messzager system, which saploys two
{rntracellular signale: dnositol 1,4,5 triphesphate (IP3) and 1,2
diacylglycerol (DG). The action of DG in the activation of a
calcium-phospholipid dependent protein kinase  (PKC) can be wmimicked by the
phorbol ester TPA (12-0-tetradecanoyl phorbol-1l3 acezate). We show that
application of TPA causes an increase in the end plats potentisl amplitude at
the frog neuromuscular junction. This incresse in amplitude is due to an
increagse in the number of acetylcholine quants liberated by tha nerve impulse,
witho . any appreciable change in post synaptic sensitivity. Spontaneocus
transpitter releaza is also augmented in paralliel with evoked ralease.
Synaptic depression is deepened by TPA, These results indicate that the DG
branch of the phosphoinositide system can ba used in regulation of asynaptic
transuission; 1te natural activator {s not yet known.

4. Channels in synaptic vesicles. Synaptic vesicles are considered (o be the

subcellular structures responsidbie for quantal transmitter liberation; bdut
their small size and intracellular localization made them difffcule for a
direct electrophysiological study. We used a fused veeicle preparation to
obtain large structures suitable for patch recording. Three types oOf
electrical activity vere obeerved, indicating that tha vesicle meubrane
possesmes coaduciances to %X*, Mzt and C1™ fons. We envisiage that the
observed chsnnels may participate 1in vesicle function and thus in the

regulation of transmitter liberation.

Supported by MDA, EMBO, SFB236, LSRF, CIR, Israelil Acadeny of Sciences and
US-Tsrael BSF.
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CALCIUM BUFFERING AND CALCTUM MEASVUREMENTS IN SINGLE SECRETORY
CELL: UNDER PATCH CLAMP.

E. Neher
Max-Planck--Inatitut fiir biophysikalische Chemie
D-3400 Gdttingen, Weat Germany

various ways of stimulating mast cells lead to a stereotyped
calcium signal {1,2) as measurad by the fluoxescent indicator dye
fura-2 (3). A prominent transient increase in free intracellular
calcium concentration, lasting two to five seconds, is followed
by a prolongued phase of elevated calcium. The tranejient is most
probably due to calcium raleased from intracellular stores
because i) it car also be elicited by intracellularly admi-~
nistered Inoaitoltrisphosphate (IP3), ii) it ie independent
of extracellular calcium, and iii) no ionic currents can be
observed which could mediate calcium entry. If the rising phase
of the transient were due to electrogenic calcium entry through
the plasma membrane, currents in the order of magnitude 10-100 pA
* would be expected in a given ceii. Intracellularly adminiztsred
Ca/EGTA buffers have to be in the concentration range 1l to 10 mM
in order to reliably suppress the calcium transients (4). The
transients also allow an cor’ar of magnitude estimate of the
cell's high-affinity calcium buffer con. sntration, which turns
out to be in che range 200 yM to 1 mM.

The origin of the prolongued phase of calcium elevation is not
clear. Tt is found, however, that [Cal; following a transisnt can
be guite markedly influenced by membrane voltage (4), which
points towards an involvement of jonic channels or other membrane
transport mechanisms during that phase. Estimates o2f membrane
currents which would be required to maintain such elevated
calcium levels (if they were due to calcium entering through
channels) are in the range 1 pA per cell. Whole-cell currents of
such small amplitude are hard to detect above the background of
unspacific conduvctances,

(1) Neher, F. & Almers, W. {1986). EMBO J. 5, 51-53.

(2) Penner, R., Pusch, M. &t Neher, E. (1987). Bioscience Reports,
(in pressy).

(3) Grynkiewicz, G., Poenie, M. & Tsien, R.Y. (1985). J. Biol.
Chem. 260, 3440-3450.

(4 Weher, E. (1987). J. Physicl. (in press).
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NEUROMUSCULAR TRANSHMISSION IN MUSCLES PARALYSED BY
BUTANE DIONE MONOXIME

P.¥. Gage, J. McArdle and A.F. Dulbunty

Department of Physiology, John Curtin School of Medical KResearch,
The Australian National University, Canberra, Australia 2601.

The chemical phosphatase, butane dicne monoxime (BDM) depresses
surface membrane calcium currents and contraction im cardiac auscle
and the tvwo effests are thought to be related (Wiggins et zl., 1980).
We have found that BDM also depresses contraction in mammalisn
skeletal muscle, whether elicitad by indirect stimulation, direct
stimulation or by raising the extracellular potassiue concentration:
twitches, tetanic contractiors and potassium contractures are all
depressed and the effects tre reverzible. As the reating mexbrane
potential and action potentials are essentielly normal in the
presence of BDM, it was concluded that BDK depresses contraction by
affecting in®rac2lluler steps in excitativa-contzactics coupling.
Neuromuscular trinsaission persisted in muscies paralysed by BPM (2-
20 mK). There vas little change in the time courss, amplitude or
frequency of spontaneous minjature endplate currents o potentials
but the awplitude of endplate currents and potentials increased,
indicating aa increase in acetylcholice secretion. It is imtriguing
that @ drug that blocks calciuw currents should increase transwitter
secretion: presumably, it does not block caicium currents in nerve
terninalas, BDN should be an invaluable tool for paralysing muscles
ib investigations of neuromuscular trangmission.

Viggins, J.R., Reiser, J., Fitzpatrick, D.T. and Bergsy, J.L., (1920)

Inotropic actions of diacety! amonoxime in cat ventricular
muscle. J. Pbarmacol &nd Exp. Ther. 212: 217-224.




COMPLE“TTY AND REGULATION IN THE ACETYLCHOLIKE STORAGE S$YSTFM OF
SYNAPTIC VESICLES

Stanley M. Parsons, Krystyna Noremburg, Laurence M. Grescz,
Wayne V. Kornreich, Ben A. Bahx, and Rosa Kaufman.

Departmant of Chemistry, Univeraity of California, Santa Barbara,
Santa Barbnara, CA, USA, 93106,

The acetylcheline(ACh) storage system of Jorpedg electric organ symiptic
vasicles | composad of an ATPase, an ACh ctransporter and a receptor for ti
inhibitory .ompound 2-(4-phenylpiperidino)cyclohexanol (vesamicol: formerly
#H5183). The vesamicol receptor is a very stable protein containing a
critical 3H group and a carboxyl group of pKa 6.26 * 0.03 which probably ion
pairs in a hydrophobic environment wich the bound drug. Chemical
modificatimn, proceolysis and pH titration approaches were used to demcnstrate
this. The drug binding site was shown to be on the cytoplasmic surface of the
vesicls meubrane by use cf a rembrane-impermsant analogus of vesamicol. Rare
processes for assoclation and dissociation of vesamicol wars studied and found
to be heterogeneous in some cases, suggesting thac multipla forms of the
receptor can exist.

Then crude vesiclss were banded in an {sosmotic sucrose density gradient
both classical fully loaded VP; and racycling VP; vesficles could be observed
to ac¢tively transport [JH]ACh. The properties of the vesamicol receptor
(measured with [JHjvesamicol binding) and the amount of the SVZ ainrigen
characteristic of many neurosecretury vesi les wexe studied in both vesicle
types. Relative to VP) vesicles, the VP vesiclas had a ratio of ACh
transport activity to apparent vesamicol receptor concentration which
tvpicaliy was & to 7-fold higher. whereas the ratio of 8V2 ancigen
‘toncaniretion TO apperert vesamlesl Tecsptor csusenmtrasticon was sbourn 2-fald
higher. The Hill coefficient and equilibrium dissoclatinn constants for
vesaxicol binding to VP; and VP, vesicles were essentially the same av 2.0 and
19 nM, Tespectively. This study demonsctrated that the vesamicol receptor ACh
storage system appears to be regulated In a manner which survives
homogenization of the tiszue.

A transmembrans aignal has boen found to regulate the vesamicol receptor.
ypical Intact VPy veslcle preparations express asbout 200 pmol receptor/mg
protein, whereas hypcsmoticaily lysed, 1resealed vesicle ghosts express up to
600 pmol/mg or 12 receptors/vesicle. [3H]vesam1col binds to fintact VP;
vesicles in a manner sssentially unaffected by exogenous .ACh, but binding to
lysed vesicles is blocked by 5 to 50 mM ACh in a pcsitively coopex. cive
noncompetitive manner. Previously bound [3H]vesamicol is dissociated by added
Ch with a several minuta lag pariod, which suggests that a significant
.eorganization in the ACh binding site occurs befors it can cause vesamicol
dissociation. Sinue vesicle ghosts are sesaled (demonstrated with
[1“C}ribitol) this might appear to suggest that tha linked ACh site is on the
outside of the membrane. However, in ghosts the vesicle menbrane was rapidly
{<3 sec) and fully permeable tc as 3uch as 0.3 M exogenous Ath. The results
demonstrate that much of the vesamicol receptor in intact VP} vesicies often
is cryptic because of the presence of a factor inside of the vesicles which
can be raleased by hyposmotic lysis and that the factor aight be internel ACh.
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Finally, it has been denonstrated that ths vesamicol tgccptnr is linked
indirectly to ACh transport inhibitien. Binding of [“H]vesamicol and
inhibition of [l4C|ACh transport are coincidant at high VPy vasicle
concentration., but at low veaicle concentration, ACh transport inhibicion
occurs vhen only a small fraction of the recaptor rites hava been occupled.
This behavior is apparently ctime independent. Alsoc, at vaxy low vesicle
concentration scme very high affinity (Kg less than 1lnM) vesamicol receptor
clearly is expressed. This suggests that a dissoclable factor vhich weakens
the vesimacol rveceptor affinity copurifies with the vesicles, or that ths
vesicles interact with each other through tha vessmicol recepror. Using trace
[3H]veum1co1 (not enough to inhibit ACh transport) and (1"C]ACh. {t was shown
that a biotinylaced vesamicol analogus occupfied the recaptor and inhibited
(1“C]ACh transport. Addition of axcess avidin "neutralized® the biotinylated
vesamicol snd freed the vaceptor, yec [14C]ACh transport did4 noc ractivate for
ac least the next 50 min. It does reactivate aftar much lougur time periods
or ip vivg. Thus, although drug binds with equilibr{um behavior, the
transport inhibition ig irreversibie over che relevant time scale. Using
trace levels of [JH]vesamicol, | 4CJACh and nonlabaled drug snslogues as
competitors (varied from zere to high concentracionz), it was shown that ac
low vesicle concentration tha shift in the sidpoint of the [-H]vesamicol
dislacment curve from the ! 4¢1ACh transport inhibitien curve depends on the
arialogue studied. For exsmple, it is J.fold fur 1l-vesamicol (the active
enanciomer), 6-fold for ¢-vesamicol and 10-i0ld for deoxyvesamicol. This
relationship held for 16 vesamicol analogues and 9 other compounds of widely
varying structures. Cnly for a weakly binding dimer of vesaumicel,
hexamethonium and chloroquine did the two curver fall in raverss order, and in
no csse was there a potent compound able to block [14C]ACh uptake without
displacing [-Rivesemicol within s fzctor of 10-Fald higher concentration of
the ligand. Thus, thers {2 no evidenco that another ligsnd Linding sits
cricical to ACh storage exista. The result also suggest that an induced
conformational change in the receptor dapendent on thae drug structure links
the vesamicol receptor and ACh transport {nhibicion. Lastly, in lysed
vesicles where ACh irhibits [IHjvesamicol binding, ths irhibiticn was shown to
not occur at very low vesicle concentration. This suggests that an external
digsociable factor vhich copurified with the vesiclas mediates linkage between
the ACh and vesamicol binding sites.

In susmary, thess vssults strongly suggest that the ACh vesicular storaga
systen is physiologivally regulated and complex. At least one osmotically
active internal factor which might bs ACh controls the conformation of the
vagamicol receptor on the outside of the vezfcle. An sxternal dissoci{abla
factor mediatea cthis signal and the affinicy of the receptoxr for vesamicol. A
possible physiological vrcle for suck a signaling device will ba discussed.
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THE MECHANISM OF ACETYLHOLINE RELEASE : ITS ESSENTIAL COMPONENT
THE MEDIATOPHORE

M. ISRAEL, N. MORE', B, LESBATS, S. BIRMAN and R.MANARANCHE

Département de Neurochimie, Laboratoire de Neurobiologie
cellulaire et moléculaire., C N.R.S., 91190 Gif sur Yveite, FRANCE

Torpedo electric organ synaptosomes have proven to be very
convenlient for study!ng the mechanise of acetylcholine release.
Ultrastrustursl changes taking place in the nerve terainal
meabrane while it releases transmiiter suggest that a cacegory of
large in.ramembrsne particles which become more numerous support
the translocation of acetylcholine upon calclum action. The
involvement of integral membrane proteins in the relesse process
was &also demonstrated by 1ircorperating them into artificial
mnewbranes which inherited from the natjive membrane the property
of releaaing acetylcholine in response to a calcium influx. This
observation led us to purify fros synaptosomal membranes the
protein called mediantophore which is finvolved in the release
process. A doughput shaped molecule of about 200 000 4 made of
subunits at 15-17 000 d could be characterized. It has several
es-:ntial physiological and pharmacological properties attributed
to the mechanism of acetylcholine release.



MOLFCULAR PROPERTIES OF THE SQOIUM-CALCIMM EXCHANGER.

Hannsh Rahanivwotf, Ari Barzilai, Nurlit Sharabani and Rivka Spanier,
Departuent of Bioccheaistry, Hebrew University - Hadassah Medical School,
P.0,.Box 1172, Jerusalen, (srael.

The Na*—Csz"’
in excitable cells, To date, no inhibitor, toxin or sffinity prohe is knoun

that could label the protein mofety associated with the Na+—Ca2* antipert

exchanger is one of the major Caz+ transporting molecules

activity and identify t. Therefore enriched appearance of a protein band on
S0S-polyacrylamide gels in conjunction with increased specific transport
activity served as a sole cciterion for its purification and identification.
Recently we have {identified the protein moiety responsible for Nn+—Caz+
exchange activity in synaptic plasna uesbranes (SPM). This was done by rais-
ing polyclonal anribodies in rabbits against each one of the detectable
proteias preseat in the purified preparation containing the eanriched speci-
fic transport activiiy. Two of the antibody preparations bound specifically
to native SPM: antibodies which were raised against the 70,000 Da protein
(the most proainent species consistently present in the purified prepara-

r

isn), 2nd anribndies raised against a 33,000 Da protein (inconsistently
present in variable amounts in the purified preparation). Boch aniibodias
bound exclusively toc a protein of 70,000 Da in native SPM, Whea, however,
the purified 33,000 and 70,000 Da proteins were used as antigeus, each one
of the antibody preparations bound to both proteias.

In  addition, both antibody prepacrations 1imsuncprecipitated Nat
gradieny-dependent Ca2+ transport activity from solubilized SPM, This was
obtained by incubation of solubilized SPM with s couplex contalning anti-
bodlesz bound to Protein A-Sepharose beads, reconstitution of the saterisl
excluded from the beads and deteraination of the residual transport
activity, The decrease in Na* gradieat-dependent Cuz* transport activity
paralieled the asount of aatibody bound to Protein A-Sepharose beads and
could reach 82% as coapared to the activity remaining in control experimencs
using preinnune sera. In comparison, ATP-dependent Caz+ transport activity
was unizpaired.

These regults indicate that the 70,000 Da protein in SPM contains the

catalytic Nat ga2t antiport activity. The presence of the 33,000 Da protein
in sowe preparations and its properties may be explained by its being either
a degradation product or a subunit of the 70,000 Da protein.

Supported by the Muscalar Dystrophy Association, New York, N.Y.
and the Israel Acadeuny of Sciences, 3asic Research Division.



The purified 70,000 Da protein is a glycoprotein as revealed by treat-
nent of the purified 70,000 Da species with endoglycosidase F. The deglyco-
sylated protein anigrates on SDS-polyacrylaside gels as an approximately
50,000 Da prutein. Limited proteolysis by VB protease or trypsin reveals
that the polyclonal antibody preparation binds also to some of the larger
peptida fraguneats obtained.

The stoichionetry of the Na*-Ca?* exchanger from the synaptic plasma
xenbranes was studied in both native.and reconstituted preparationa. In
kinetic experiaents performed with the native preparation, initial rates of
Na* gradient-dependent Ca2+ influx were comparad to Caz+ dependent Na‘
efflux. These 2xperiments showed that 4,82 Na* fons are e changed for each
Ca2+
with the reconstituted preparation resulted in sinilar (4.76) stoichiometry.

lon. Thersodynanic approach in which equilibriua measuresents were done

The effects of mesbrane potential, employing valinoaycin induced ¥ fluxes
rould be dedonstrated in the reconstituted preparation. The stoichiometcy of
the Nz’4352+ exchanger reaained the same both under conditions of positive
inside or negative inside polarization of the vesicles meabrane. The direct
contribution of the Ha+—Ca2+ exchanger to the ameabrane potential across the
reconstituted vesicle membrane could be demonstrated by using the lipophylic
cation tetraphenylphcsphonium. .
Positive inside membrane polarization did not change the Ka to Ca2+
when Na* gradient dependent Caz+ influx was measured. It led however to a
t-fold increase in the Vaax of the process. Whea the ratio of internal to

led to a reduction by a factor of approxizately 20 1in the extent of Na*
gradient vequired for half apparent maximal reaction velocity to be
reached.



POTASSIUM CHANNELS 1N SYNAPTOSOMES: PHARMACOLOGY AND TOXICOLCGY.

Blausteir, M.P,, Barischat, D.K., Benishin, C.G., Coldy, K.A.,
Krueger, B.K., Schneider, K.J. and Sorensen, R.S.

Department of Physiélogy. Unfversity of Marylend School of
Medicine, Baltimore, Maryland, 21201 USA.

Tracer 42k and 86Rb efflux methods Rave been developed to study
the properties of K channels in isolated rat braim presynapiic
nerve terminals (synaptosomes). On the basis of blocking
pharmacology &nd characteristic tracer kinetic profiles, we have
faentified six different types of K channels: 1) Resting X
channels represented by the efflux intc media ctmtrinin% 5 aM K.
This conductance s relatively insensitive to K channel blockers.
2) A depolarization-gated, rapidly fnactivating ( 1 sec) K
conductence that carresponds te “he A current., Tifs (s
selectively blocked by 4-aminopyridine (< 1 mM) and by - and -
DaTx, tws polypeptide components of [endroaspis angusciceps venom
(dendrotoﬂns{. 3) A depolarization-gated, non-{inactivating K
conductance that corresponds to the deiayed rectifier. This 13
selectively blocked by pheacyclidine (PCP) and dexoxacrol, by 8-
and  -DaTX, and by venoms from several scorpions inclucing T,
serrulatus, C. sculpturatus, and L. quinquestriatus. & and 5
Two Ca-activated K channels that are selestively blocked by low
concentrations of qufnine (1 uM), and the neursleptics,
haloperidol and the phenothiazines, There are two components,
with different sensitivities to the phenothfazines (ICsp = 20-30
nM and 1-3 uMj. A comporent of L. quinquestriatus venom biocks
some of this conductance. 6) A K conductance that is selectively
activated by certain sigma oplioids and by levoxadrol (but not by
its enantiomer, dexoxacrol). The abfliity of these agents to open
this K channel can be blocked by naloxone.

The two voltage-gated K channels in hippocampus and corpus
strietum nevve endings apparently can be modulsted by protein
kinase C, since diacyl glycersl causes 8 time-dependent
tnhibition of these channels. The datas suggests that
phosphorylation may be involved 1n regulating these charnels,

Me have begun to determine the chemical nature of some of thesa
K channels by labelling them covalently with 3H-azido PCP and
with 1251-1abelled dendrotoxins.
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PRESYNAFTIC CUARRENTS IN FRCG MOTOR NERVE TERMINRLS

A. Aznon, G. David, E. Hevron and Y. Yeari
Department of Physiology,
Hepvew University School of Medicine, Jerusalem, Israel

Transmitter release from presynaptic nerve terminals is
strorgly intluenced by the waveform of nerxve terminal
polarizaticn fullewing the arrival of sn action potential. This,
ir turn, 4i& largely determined by the properties of ionic
condurtances present in the nerve terminal membrane.

The small caliber of vartebrate motor nerve terminals
precludes direct analysis of membrane currents by standard
current~ and voitage-clamp technijuez. A more indirect approach
is provided by the perinaurial sheath surrounding motor axons
{(but not their terminals), which forme an electrically insulated
“tuba" around motor fibra bundles. Thus, an electrode positiored
in this "tube” records extracellular curzents flowing bhetween
axons and their terminals. Using this approach several iroups
nhave 2analyzed presynaptic spike currents in mammalia: and
amphibian motor nerve terminals. Their results suggest the
existance of multiple X* (gk') and catt (gCa*t) conductances in
this structure, vhich may Dbe modulated by neurotransmitters,
neurotoxing, and nherve ~<tivity. Bere we snhall describe in some
detail our analysis of ..rasynaptic conductances in frog cutaneous
pectoris motor nerve terminals.

recordings from nerve bundles containing one or several motor
axons disclose a "fast" gK* in the corresponding nerve terminals,
which may contribute to rapid spike repolar zation. This gK*
persists in Ca%*-free solutions but is blecked by 10 uM or more
of 3,4-diaminopyricdine (DAF). Following DAP application, & second
gK* 15 * reveaied, which has a slover time coursze, and is blocked
by exposure to Mn** or Ca** and by axtracellular Ca** wasghout.
This presumsd Ca‘7-activated gX* i¢ suppressed also by 1-5 mM
tetraethylammoninm (TEA), whien alse block the "fast® g¥t.  =2gth
presynaptic gX*s are sensitive to blockade by the neuromuscular
transmitter acstylcholine (ACh). Hovever, the high (0.5-2 mM) ACh
doses required for this action and its insensitivity <o
d-tubocurarine and atropine, suggast it is not exerted via
classical cholinergic receptors.

When preparations are incubated in 0 mM TEA, which
presumably blocks most gK* in the motor nerve terminals, Jarge
signale reflecting inward currente at the terminals can be
recorded. Thay are identified as presynaptic Ca** currents by
savaeral criteris: a) theilr magnitude is positivelx related to
[ca**1o: D) they are reversibly reduced by Mn** or Cd**; ¢) they
persict wvhen Ca*® is replaced by Sr**; d] .hey are reduced by
vezapamil (grovided the nerve terminale are depolarized by
glevated [K*],). These presumed Ca** currents are not blockec i by
the dihidrcpyridine antagonist nifeaipine, suggesting the
presynaptic Ca** channel type is not the ubiquitvus "L" type.

Repetitive (20-100 Hz) motor nerve activation in standard
Ringer solution induces the buildup of presynaptic currents,
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which resemble the presumed Ca™ currents enccuntered in TEA.
They are similarly reduced by lowering [Ca**], or by adding Mat*
or Cd**. It is possibie that repatitive nexrve activation causes
partial gK inactivation, theraby pzolonging presynaptic spike
depolarization and Ca*t influx. Such a mechanism may contribute
to frequency modulation of transmitter release “rom motor narve
terminals.

Supportad by grants from the USA-Isra2el BSF and the Israell
Center for Psychobiolony.
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MOLECULAR STUDIES OF THE POSTSYNAPTIC 43K PROTEIN AND
CALCl CHANMNELS FROM SR CETAL MUSCLE,

Sianley €. Freoshner, Wilharn J, LaFochelle, and Mary FE. Morton,
Jartmouth Medical Lehool, Hanovar, tleéw Hampshire (3758 USA

Propsy alignment o7 macremolacules at the neurnmuscular junction is
necessary for rapld sipial ransmission across e synapse. For exampie,
hinh concentrations ¢: acetylcholine recantars ooCJr ot the crgss of
pustiunciional folds directly across ths synaptic qap from presyraptic
active 2onen where voitage-sansitive calcium channe!s are thought to be
lucallzerd. ‘Tha cellular rechanisms responsible for for g and mainwiniag
the specialized distiibutions of these two lon chaine's are largely unkaown.
We have examined peripheral membrane nroteing of tho postsynaptic
membrane ﬁ-:ought to be Invelved i anchorlrg receptors at synaptic sites
and have slso pegun to develop Immunolegical produs for voltage-activater
calcium channels.

The Yorcedo slecirocyts postsynaptic mambrane condaing, in addition to
the acetyl.holine receptor, % major, pericheral membrare protein of M,
43,000 (33#% protein). Indirect evidence has implicaied this protein in the
machanisms that restrict receptor mobility. ' Torpedo elsctrocytes, the
43K protein is coextensively distnbuted with the receptor, can be
chemicaily crosslinked ¢ tne beta subunit, and ocues In concentrarioss
approximately equimolar with  the receptor. This stoichiometric
relationship is feund threug! cut electric organ Uswelopment of the electric
organ gstudiss done in coilavoration with V. Witzemann}. The receptor and
the 43K protein increase in a paraliel wanner from approximately 9.2-0.4
pmoles/mg pretein in 44mm embryos 1o approxim:.telY 20C pmolesimg in
adult tissue. Al each developmertal stage examined, ths equimolar ratio of
43K proisin and AChR wxs maintained.

tranoclonal antibodies o the Torpevo «5K protein recognize A orttem of
sinirar size ir marnmalian muscle ceiis.  The 43K protein s associated with
patches of AChR that arise spontaneously on C2 mywiubes. In these cells,
the 43K protein and AChF are coordinately ex2resssd in sivichiometrie
amouiits.  in coliatoraton with Zach Hall's iaboraiory, we have examined the
axpiession of the 43K protein in gsnelic variants of C2 cells that iack
functional AChR. In one variant that fails to synthesive (hy alpha subunit,
43K protein was expressed at approximately ons-third the level found in
wild-type cells. The variant did expres: the AChR beta subunit at I-vels
comparable to thai found for the 43 uictein. These resulls suggest that
exgression of the recepior and the 41X protein are coordiiated and may be
subject to {he same reguiatory co:udls.

To examine the Jdistribulion and moin w-ar structure of calcium channels,
vy have preparad monoclonal antibudies to tha dihydropyridine
{(DHP)-binding complex/calciuim channel from rabbit muscls transverse
tubules Although the t-tubule calcium charnels are pharmacologically
distinct from those found in most nerva terminals, structural similarities
may exist. One monoclona! antibody, mab 1A, Immunoprecipitates the
di?.” nin-solubilized DHP-binding complex. This complex, when purified by
WGa chromatography, sediments as a 215 comporent. The sedimentation
coefficient is increased fo about 245 after incubation with mab 1A IgG.
Four polypeptides with apparent mclecular weights under nonreducin
conditions of 220kDa, 200kTsa, 61kDa, and 33kDa cosediment with the 21
complex. Mab 1A recognizes the 200kDa polypeplide, as shown by Westcn
blotting analysis. The electrophoretic mobility of this protein is unaffected
bx disulfide bond reduction. DHP-binding complex puritfied by WGA
chromatography followed by immunoatfinity chromatography on a mab 1A
column is comprised primarnily of the same four polypeptides. Thus, the 200
kDa protein is a compoasnt of the DHP-binding complex from rabbit skeleta!
muscle, and in association with the other polypeptides, may comprise the
voltage-sensitive caicium channel.
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ACTION OF ANTICHOLINESTERASES ON ACETYLCHOLINE RECEPTORS
Mohyee E. Eldefrawi
Dept. of Pharmacology & Exp. Therap., Univeraity of Marylsnd
School of Medicine Bsltimore, Maryland 21201.

The interactions of carbamate ¢ .d organophosphate unticholinesteroses
with the nicotinic acetylcholine (ACh) receptor of forpwdo electric organ and
wuscarinie receptors of rat brain and neurcblastoma N1E~115 cell culture wsrs
studiad. The effects on tha nicotinic receptor ware investigated by the
changes occurring in its binding of 128 I-s-bungurotoxin and ?#-phencyclidine
and in receptor regulated 22Hg* flu, and on the wuscarinic receptor by
changes in ite binding of dE-quinuclidiryl benzilate and 3B-cin~
methyldioxolane and in H-cGMP synthesia.

On the nicotinic receptor, the organophosphstes soman and echothiophate
interacted with the ACh hinding site, acting as partial agonists, while VX wsa
an alinsteric inhibitoer of the receptor’s open channel conformetion. The
carbazates necstiguine and pyridostigmine acted aa partisl agonisis whiie
physostignine was an open channel  blocker. Tetraalkylassonium
anticholineaterases interacted with the different receptor sites.
Tetremethylammonium acted as an asgonist. Increasing the chain length of the
symsetrically substituted tetralkylammonium compcunds jincreased the affinity
of the receptor's allosteric site for them but decressed the affinity of the
ACh-binding site. Edrophonium ected as & depolmrizing blockser.

The populatior of muscarinic receptor with s very high affinity for 28~
cis-wethyldioxolane had a very high affinity for certain orgenophosphates
(e.g. VX). The cerbamstes also inhibited the muscarinic receptors but only st

very high concentrations.
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xadiszolidinones, the nonesteratic irreversible inhibitors of AaACh-
esterase reacted reversibly, but with much 1. .er potency with both nicotinic
and muscarinic ACh receptors.

The nicotinic ACh receptor of Torpedo elactric organ, wac used to develop
a bicsensor for orgenophosphste nerve agents. Thes pure ACh-raceptor alone and
with ACh-estersse ware incorporasted into liposomes 1de of a mixture of
phosphatidylcholine and cholesterol. The reconstituted liposomes were
interfaced witk capacitance sensors devi:loped at the Applied Physics
teboratory of The Johna Hopkins University. The capacitence, measzured by a
GR-1657-RIC Digibridze, increased when the biosensor was exposed to ACh in a
dose-dependent and reversible manner. A d-tubocudrare-ireated bjusensor failed
to respond to ACh. Effects of anticholinesterases on the ACh receptor-based

biosensor will be reported.
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CERTAIl MUSCARINIT ANTACONISTS ARF. NONCOMPETITIV- INHIBITORS OF THE
NICOTINIC » CETYLCHOLINE RECEPTOR.

L J L] -
g____&!:lj_ll_!_i_“. a. herz#. . Bruckstein and S. Chepman , pt. of
Pharmacolegy., IIBR, P.O. Box 19 Ness Ziong, Isrsel and "Dept. of
I aamacology t-036. School of Medicine, UCSD, La Jolla Ca. 92093,
USA.

The =uccarinic antagenists, satropine, aprophen and benactyzine may
be used re antidotes for the treatment Of organophosphorus (OP)
poisoning. We have studied the interaction of these drugs, focusing
rainly on apronhen and benactyzine, with nicotinic acetylchcline
receptor {(AfOR)  in BC3H-1 intact murzle cells end with
rerepior-enriched meubranes of Torpedo californica. Aprophen and
benactyzine diuinish tre the paximal carbtamylcholins (carb)-¢ licited
sedium  influx  into wouscle cells without sh}é’tlpg K {carcb
co centration eliciting 50X of the maximal Na inﬂ%&). The
convnetration dependence for the inhibition of sodlivt influx by
aprophen and beractyzine occurs Bt lower concentrations (K =3
auSRSOuM. .espectively), then those neede:’ for the displacem‘tt of
{*““I,-a-bungarotoxin fro® the agonist/ant gcnist aftes of AChR (K
= 83 and 800uM. resr-ectii:ly). The effective concentration for ti
inhibit‘on of AChR response by atropine (K = 150uM) is
significantly higher <than those obtained £ aprophen and
beractyzine. Both apropher. and beractyzine intevact with AChR in its
desenszit zed state in BC3H-1 cells without further enhancing agonist
affinity. Furthermore, in BC3H-i wuscle cells, aprophen and
benactyzire do rot alter K o iequilibrium concentration of carb
whicr diminshes 50% of &€  maximal response). However, both
cempounds  preferentially associate «ith the high-affinity state
rather than the resting stete of Torpedo AChR. The K, valuss
«blaiped for aprophen and benactyzine fros equiiibrium diglacenent
of [“HJPCP in Torpeds are: 16.4 and 384pM, compared to 9.7 and

aprophen and benactyzine binding to Torpedo AChR is allosterically
regulated by the ogonist site. X
wWhile previous studies have shown that aprophen and benactyzine ere
muscariric antagonists at 10-100nM, the present study demonstrates
that these ligands are effective noncompetitive inhibitors of AChR
at 3-50uM, 1in either Torpedo or mnammalian muscle cells. These
eff=ctive concentretions correspond very well with the plasma level

of these drugs found in-viv~ to produce & therapeutic response
againgt OP poisoning.
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BINDING PROPERTIES AND TRANSMEMBRANE SIGNALLING OF MUSCARINIC
RECEPTOR SUBTYPES

E, Heldman, Z. Pitte), Y. Karton and A, Fisher,

Israel Institute ¢or Biological Research, Ness-Ziona 70450,
Israel,

The existence of various muscarinic receptor subytpes im the
central nervous system is indicated by multiaffinity binding
curves for agonists such as carbachol (CCh) and by differential
changes of the binding properties of muscar.aic receptors., from
various brain reggions, in response to chemica! treatments such as
N-ethyimaleimide. However, 1t is unclear whether these various
receptor subtypes use different transmembrane signalling
mechan sms to achieve the physiologicai response.

In the present work we used & novel selective agonist, cis~-2-
methylspiro{l, 2-oxathiolane-5,3' Jquinuc1idine (AF102B), designed
and synthesized at our laboratory. as a tool to study the
transduction mechanism of the M1 receptor subtyps. The binding
properties znd the biochemical effects of this agonist were
compared to those of the ganglionic Mi-selective agonist, McN-A-
343 and to oxotremorine which has & relative high selectivity
Toward M2 receptor subtypa. he potency of AF102B in displacing
the nonselective antagonist “H-QNB from cerebellar homogenate
(rich in M2 receptor subytpe) was much lower than that of
oxotremorine, However AT1028 was similar to McN-A-243 1in
d1sp1ac1ng “-(NB from forebrain homogenate (rich in Ml receptor

subLype)a s3s dats indicated the relatdva Ml-celectivity 3of
AF102B, , Displacements of the seiective Wi nnSagon.au. -
p1renzepine and the nonselective asgonist,

H-cis-methyl-
dioxolene, also showed that AF102B was the most selective M
compound when compared to oxotramorire, McN-A-343, AF102A (the
trans {somer) cis-AF30 and trans-AF30 (the dioxclane analogs,
wrespeciively). The agcnistic nature of AF102B was shown in
binding studies, where nronhydrolyzable GTP analogs, as in case of
CCh, shifted the displacement curve to the right, as well as in
functional studies where AF1028, same as CCh, was able to induce
atropine-sensitive contractions of smooth muscles (isolated
guinea-pig ileum and trachea), Howaver, unlike the agenist CCh,
AF1028 affected neither the adenylate cyclase activity nor did it
potentiate phosphoinositide (PI) turnover. Nevertheless, AF1028B,
inhibited the CCh-induced hydrolysis of phosphetid:1inositol
bisphosphate but did not affect the CCh-induced inhibition of
adenylate cyclase. Thus it seems that although activation of M)
receptors 1in the brein does not polentiate Pl turnover, this
biochemical function i3 somehow associated with the M1 receptor
subtype. Indeed, the distribution of M1 subtypes receptors 1n
the various brain regions 1s similar with that of CCh-induced Pl
turnover (e.g. cortex anc stristum), while the distribution of M2
subtypes receptors Is similar with that of CCh-induced inhihition
of edenylate cyclase {e.g. cerebellum),

Supported by Snow Brand, Japan.
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BIOCHEMICAL AND BEHAVIORAL EFFECTS OF ACETYLCHOLINESTERASE IMHIBITION IN BRAIN
t. Giacobini and X,A, Sherman, Oepariment of Pharmscology, Southern 11linois
University School of Medicine, P.0. Box 3926, Springfield, IL 62708 USA

The effect of acute (single or multiple dosage) and chromic (up to 59
days) administration of ‘three drugs producing reversible inhibition of
acetylcholinesterase (AChE) in brain (physostigmine, tetrahydroamincacridine
and metriforate) was compared in rats., The results reveal major differences in
biochemical effects such as percent and duration of AChE inhidbitian, regulation
of acetylcholine synthesis and release, uptake of choline and binding to
cholinergic receptors. Behawioral effects such as "stereotypy” and tolerance
are dlso markedly different. These results suggett differences in mechanism of
action of varifous AChE inhibitors in brain, These experimenta) findings have
potential clinical implications for the symptomatic therapy of Alzheimer
patients, suggesting new strategies and novel models of admintistration of
crnoiinesterase inhibitors, {Supporied by grants Trom the N

#A505416-01A1 and I1linois Dept. Public Health).

- 65 -




MOLECULAR BASIS OF ANTICHOLINESTERASE ACTIONS ON NICOTINIC
AND GLUTAMATERGIC SYNAPSES,

Albuquerque, ¥.X., Alkondon, M., Aracave, Y., Cintra, W.NM.,
and Swanscn, K.L

Department of Pharmacology and Experimental Therapeutics
University of Maryland School of Medicine, BRaltimors,
Msaryland 21201 USA

The undorstanding of the interactions of cholinesterase
(ChE) inhibitors, including certsin insecticides, and the
ChE-reactivating oximes with the sacromolecular entity
comprising the nicotinic receptor and its ifon channel (AChR)
is of fundamentsl i{wportance for the proper treatment of
insecticide poisoning and assl. tion of appropriate thera-
peutic approaches to central cholinergic disorders. In
addition to thelr ChE-inhi{bltor properties, both reversihle
and Ivr versible anticholinesterase agents, (carbagates and
organopl ssphorus compound .) have direct actions on the
peripharal nicotinic AChk. acting es egonists, biocking the
ijon channel 4in 1{its open conformation vis noncompetitive
mechanisms or enhancing receptor desensitization. The
pyrdiniunm compounds with oxime groups, suci: az 2-FAH and
MI-6, «nd ancther bispyridinium compouad which 1lacks the
oxime group, namely SAD-178, have been showm in our labor-
atory to modulato the fonic currents occurring at the frog
endplate reglon, Voltrgo-clacped endplate currents (EFCs)
are increased in psak amplitude and prolonged by ChE irhibi.
tion, but EPCs were decreasaed in anpli2ude and efther
shartened or convertad ({nte biphasic decays in voitage-
Jepeudent ‘marnexr by the noncompetitive actions of 2-PAM, HI-6
and SAD-128. Acetylcholine (ACh)-induced channel openings
(open times) weres also shurtened by HI-6 in a voltage-
dependent mannsr as : vealed by patch clamp studifes. The
AChR channel-blocking effect of thess pyridinium coampounds
may remain as one ¢f the mechaniams by which they produce
antidotal effects against organophosphate agents. The
strength of this hypothesis is further enhanced by the
significant protection sgainrst lethality of orgarophosphorus
agents offered by (+)physo: igmine, which in ths absence of
significant reversible ChE hibit{on may be ettributed to a
nonconpetitive blockade of AChR. Other aspects of anti-ChE
agents independent of Cht inkibition are also under fnvesti-
gation. Furthermore, studi=s with forctkolin and fts analogs
have disclosed z possible involvement of phosphorylation in
the regulation of nicotinic AChR sctivation. Ion channel
bleckade produced by nicotinic noncompetitive antagonists at
the locust glutamatergic synapse raives the possibility of
certain similarities between ACh and glutamate receptnrs.

The biochemical and electrophystfological aspects of the
central nervous system nicotinic AChR are being investigatad
using selectiva and sterecvspecific sugents. Although so
differsances in agonist effects at entral and periphe
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receptors have been encountered, the pressnt atudy disclosed
marked homology between the putative hippocampal AChRs and
those on the muscle. In binding experiments, (+)anatoxin-a
(Hel, FPhaymacol. 29: 250. 1986) waa a potent competitor of
[Hl -IJnicotine binding to rat brainu mesbranes (Ky = 3 =
10°4YM); tha (-)anatoxin enantiomer was two orxders of mag-
nitude less effective. To see If (4)snctoxin-a also acts ax
an agonist in tha CNS, the toxin was tested {n a wodel system
based on the presynaptic, nicotinic facilitation of trans-
mitter releass, Synaptosonas frxom rat hippocampus were
loaded with [3u1choum so that perfusion with Krab's
bicarbonate buffer into which pulses (100 ul; 50 uM) of
(-)nlcotine vere {introduced resulted in the release of
discrete peaks of [“H]JACh. This releacve of nourotransmitter
could be partially blocked by the nicotiric antagonist
dihydroferythroidine (10 s&l). Simflarly, hippocampal
synaptosomes loaded with ([“H]CABA responded to puises of
nicotinic agonist by uluain& this rediolahalled trans-
mitter. The higher lsbelling [“H]GABA allowed lover agontiat
concentracions to be tested. In thiz cese, 10 uM (-)nicotine
and 1 uM (+)anatoxin-a velemsed comparable amounts of
[3H]GABA. The resulta suggest that (+)anatoxin-a is at lsast
S times more effective chan (-)nicotine at preaynapeic
nicotinic receptors in sammalian brain. (D.R.E. Hacsllaen,
G.G. Lunt, S$. Wonnacott, Y. Aracavs, H. Rapoport and E.X.
Albuquerque, Proc. Nat, Acad, Sci, U.S.A.. submitted). The
hippocampal AChRs shoued a similar sensitivity to histrioni-
cotoxin, a probe for ion channel asitec, as the muscle AChRs
(FEBS. Lett. 2)2:292, 1987). Using (+)anatoxin-a and ACh as
probes of nilcotinic AChR and employing the patch-clamp
technique, we recorded channel activation in hippocampal
neurons culivied fivm fetzl rats {10 ta 2N . dav-ald cultura).
Channel activity was recorded from an area ciose to the axon
hillock of the hippocampal neurons. Both ACh (0.4 pH) and
(+)anatoxin-a (0.1-0.4 uM) activated ringle channal currents
whose conductances and durstions wers quite similar to those
recorded at the perijunctionsl region of the muscle endplate,
Additionally, AChRs activated by either ACh or (+)anatoxin-a
wvera sensitive to o-bungarotoxin snd dihydroflerythreidins,
Thesa gtudies dezonstrate the presence of functional
nicotinic AChks on the neurons of rat hippocampus. The
sensitivity of central nicotinic receptors to (+)-anatoxin-a
anid analogues and physostigmine has also bsen tested using
the patch-clamp technique in isolated hippocanmpal pyramidal
cells, ganglion cellz of tha vretina and brain stem
respiratory neurona. This srudy may provide more sfficacious
snd specific analogues for further biochemical and electro-
physiological analyses of various receptors, including those
fnvolved in chclinergic disordeys.
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ROLE OF LIPIDS IN THE REGULATION OF THE BINDING
PROPERTIES OF RAT HEART MUSCARINIC RECEPTORS
AND THEIR INTERACTION WITH G-PRGTEINS

YOAV 1. HENIS, ETTY MOSCONA-AMIR and MORDECHAI SOKOLOVSKY
Department of Biochemistry, The George 8. Wise Faculty of
Life Sciences, Tel Aviv University, Tel Aviv 890878, lsrasl.

in order to investigate the dependence of the properties of
carcdisc muscarinic receptors, arnd egpecially their interactions
with G-protsins, ©On the membrane lipid composition, we employed
primary myocyte <cultures prepared from the hearts of newborn
rats. The membrana lipid composition in these <cells undergoes
dramatic changes with the culture‘s age (number of days in
culture), and it can &lso be manipulated by tresatment with
laposomes of specific compositions. The changes in the lipid
composition resulted in 3ignificant alterations in the
organisation of the plasma membrane lipids in latersl domsins.

Concomitant alf{erations were observed in several properties of
the muscarinic receptora. Aging of the cells in culture resulted
in reduced muscarinic binding capacity, and in changes in the
proportion of high and low affinity states towards agonists. In
parallel, major changes vere observed in the coupling of the
muscArinic recepters with G-proteins: while guanine nucleotides
converted high affinity agonist binding sites to the low affinity

form in homogenates of young cujtures, a reverse effect
(conversion from low to high affinity sites) wae oheorved in z255d
Luitiuies., These alleralions® in ihe properiies of the muscarinice

receptors appear to be intimutely associated with the -zge-
dependent  altsyations in cellular lipid composition and
organissation, since manipulations of the lipid composition of
aged cuitures back to that of young cultures by tresatments with
phosphatidylcholine-containing liposomes returned all the
muscarinic parameters measured back tc those observed in young
cultures.
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NEUROTRANSHMISSION AND SECOND MESSENGERS 1IN

XENOPUS OCOCYTES

Y. Lass, 8. Gillo, R. Boton, E. Gershon and N, Dascal
Department of Physioloqy and Pharmacoloqy, Sackler
School of Medicline, Tel Aviv University, Ramat Aviv,
lscael

Xenopus oocCytes present a <onvenient experimental
system for the study of second messenger-mediated
neurctiranamitter responses. These cells display a
muscarinic response, consisting of a two component C?
current, accompanied by CV current fluctuations and a
less prominent slow K current. The muscarinic response
is most reliably observed In Intact follicles (occrtes
that stily retain envelouping support ticsuesd. The
muscarinie Y current response is mimicked by
intracellular injection of Ca or IP3., It is blocied by
intracellylarly injected EGTA. Application of ACH
results in increased polyphosphoinositide breakdown,
enhanced 95Ca effl1ux from preloaded cells, and
inhibition of the response to adenosine, probably
through the activation of protein Kinase C. Thus, the
muscarinic membrane response (CI currsnt? in the ococyte
js mediated throuphs the phospholipase C - Ca
mobilization pathway.

1then Xeoenopus Ouviryisa 2= iniected with exoqQenous
messenqQer RNA, they express membraine racsptere and ion
channels characteristic of the asurse tissue 4drom which
mRNA was extracted. This approach allows the xiudy of
jon channels and neurotranamitter responses in a
standrad membrane enfrvircnment. In addition, since
vcocvtes ar® lzrqe <> 1 mm in diameter) cells, one can
employ techniques, auch as double electrode voltane
clamp anéd Intracelluiar injections, that are impossible
in the source tissu.s.

In Xenopus oocytes, elevation cf internal C& Ceuses an
increase In C1 conductance. We Ffurther <haracterized
this corductance using the lonophore A23187. At 0.25~1
v, Ca svoked an inward current that rerched a plateav
in about 13 s.,, and declined qaracdunlly within many
minutes in the presence of Ca, bu® within seconds ug-n
washout of Ca. At higher concentrations, Ca caused &
two component C1 current responsg, with the appearance
of a 4ast component., The Ffast component was more
sEnsitive to 1-4 mM $-antracene carboxylic azid (9 AC)
blocker. Exposure of the cell ito low (0.i~-0.2 mM) Ca
rencentration for several minutes greatly diminisbhed
the amplitude of CY current evoked by & subsequent
application of a higher dose of Ca, suagesting that the
inactivation of the C) current was Ca-dependent,
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Shallow, submembranl inlectiena of IP3 in the animal
hemisphere of the ovocyte evoked a two-component
response comprised of a rapid transient component
followed by a slow susteined componrnent. When the
injection pipette was Ffurther Iinserted (nto the cell
(to 300 um below the cell membrane), the fast component
ciminished &and the slow compornent remained unchanged or
even Increased. Similar two-component response was
obtained by the injection of a single largQe dose <(20-30
pmoll} eof CaClap.

Cardiac voltage dependent Ca channels <VOCT) appeared
in the cocyte followirqQ injection of mRNA obtained from
the rst heart. Thus, the oocyte may serve as a useful
model Yor the study of Ca channel formation and
modulation.
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STRUCTURAL STUDIES AIMED AT UNDERSTANDING THE FUNCTION OF
THE ACETYLCHOLINE RECEPTOR

J.P. Earneat, M.J. Shuster, M.P. McCarthy and R.M. Stroud
Dept. of Blochemistry, Univ. of San Franclsco, San
Freneiscn, CA 94143-0648

The three-dimensional structure of the acetylcholine
receptor has been dezermined for the first time in the
styence of attachsd cytoskelstal components. Thiz parmits
a difference map which identifies loci of attachment of
43 kD cytoskeletal proteins. Tha distribution of
molecular mass shows that thers 1s little of the pracain
which {s ordered on the cytoplesmic side of the plasms
mezbrans.

The topology of chains within subunits has been
sapped by antibody binding to native tissus. Antibody
oxperiments on subcellular fractions which utilize
detergent or saall amphiphiles are prone to serious error
since these treatments can undo regions of protein on one
tide of the membrane selectively and so may give
inccrrect assignrents of location. Results of proteslytic
cleavage lead to assigrments of other regions as they
amexrga from the plesma membrane and thus define izportant
aspects of the folding of this molecule.

The status of amphipsthic helices and their
contribution to channel formation is discussed alongaids
experiments with a bacterial channel-foraing protein
vhose structure is being worked out by x-ray
cryatellography. The direact answer to structurs of the
ACh receptor will coma from x-ray studies of threa-
dimensional crystals. Progress in undsrstandipg the
x-ray diffraction fros crystals grown in our lsbtoratory
is discussed. Effects of lipidn. datergsnes, =nd thiip
ratios upon erygealltzaticon 33ea c<witical for the
subsequent crystallization of affinity-purified protein.
Effects of cholesterol snd local anaesthetics on raceptor
conformetion and stability are discussed since they desr
directly on issues concerned with functionsl
reconatituticn of ACh receptor.

The origin af garing in the ACh receptor ie
discussed in light of studies using terbium/calclun
exchangs. Evidence tovards an electrostatic gate i3
presented.
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Antibodies as Probes of the Structure and Funcation of the Nicotinic Acetylcholine Recepzor

A. Maelicke, G. Fels, R. Pltiraer-Wilk and M, Schreiber
Max-Pianck-Institut fir Erndbruagsphysiologie, Rheinlanddamm 201, D-4600 Dortmusnd,
FKG

1. Antibodies were raised against eight synthetic peptides matching ic sequernce preseiected
stretckes of the aminoacid sequence of the nicotiric acetylcholine ieceptor (BACKR) from
Torpedo marmorata. To avoid ambiguily as to the exact sequeace lotation of the antibady
cpitopes, synthetic pepiides of only 5-7 amincacids in length were emplcyed. The results of
epitope mapping support a model with three transmembrane domsins, one membrine
associated a-helical domain and extensive B-struciure at the exiracellulas and cyioplesmatic

surfaces of the ~ceptor molecule.

7. Monoclonal antibodies raised against the native teceptor protein were employed to study
a¢ functional organization of Torpedo nACBR. We repoit an antibodies (i) competing with
selecied groups of chalinergic ligands for binding to the sBAChR, (ii) acting as allosteric
ligands, (iii) blocking the agonist-induced cation flux into Torpedo membrage veiicle, (iv)
blocking afonist-induced single chaanel activity in embryonic muscle cells, and (v)

iates fering with decev itization of the aAChR -integral ion channel.
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THE HELIX-II MODEL OF THE I1ON CHANNEL OF THE NICOTINIC
ACETYLCHOLINE RECEPTOR
Ferdinand Hucho

Fachbereich Chemie, Institut fllr Blochemie, Fieie Universitat Berlin

A mode! of the ion channel of the nicotinic acetyicholine receptor
is proposed, picturing the channel as being forwed by the transmembrane
Helix M2. The following features of the channel will be discussed:
Channel entrance ({extracellular) 30 Angstrom diameter; constant diameter
down to level of lipid membrane; fumnel-shaped transmembrane portion
lined by Helix M2; binding site of channel blockers (ser 262 in delta
chain) close to intracellular exit of channel. There tooc the nsrrowest
rart and the selectivity filter having a diameter of 6.4 Angstrom.
Upper part of channel hydr phobic, selectivity fiiter polar. <Channel
filled with watex. Experimental support for this model from this and
other laboratories will be discussed.




CORRELATING STRUCTURE WITH FUNCTION OF THE
CHOLINERGIC BINDING SITE

Jonathan M. Gershoni, Ami Aronheim, Yoav Eshel, Yoav Evron,
Rache]l Mosckovits aad Bella Ohsna

Department of Biophysics, Welzmann Institute of Science
Rehovoi, Israel

The nicotinic aceiylcholine receptor (AChR) has been subjected to
extensive experimental scrutiny and indeed much has been learned about
this multimeric protein complex. However, in spite of the impressive
amount of dats that has sccumulated we still ¢an pot explain the
mechanisms responsitle for its actic, Oope approsch which has been
adopted in our laboratory hes been to focus on s single, well defined
functional domaln of the receptor and systematically analyse it with the
intent W eorrelate its structure with lts function. Thus, over the past few
years, we have been studying the cholinergle binding site.

Karlin and his coworkers demonstrated that the ligand binding-site
is situated 1pm awsy from a sensitive disulfide. As a result and with the
sppearance of the complete amino acid sequence of the a-subunit, models
quickly appeared placing the binding-site in the vicinity of cysteine
residues pisiuluied 1o be extracalfular. Bloshomizal apalyses heve sllowed
the mapping of the binding-site to the area of cys102/cys-163. This has
been accomplished by the proteln blot snalysis of proteolysed a-subunits
probed with sequence specific mntibodies. Furthermore, cys-192 wss found
by Karlin to e that which is affinity alkylated and is apparently disulfide
linked to cys-193.

As much attention has heen placed on the cysteine residues related
to ligand binding, it was of interest to establish the disulfide arrangement
of the a-subunit. For this native receptors have been selectively alkylated
with 3-(N-maleimido-propionyl)biocytin  (MPB). The a-subunits of the
various biontinylated receptors were isolated, digested with V8-protease and
blotted. The blots were probed with 1251-lgbeled-avidin revealing those
fragments wbkich contain modified cysteinss. It was found that three
disulflides exist: ¢ys-128 to cys-J42; ¢ys-192 to 2ys-103; cys-412 o cys-418,
and that ¢ys-222 is unpaired.
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In order to luvestigate the specific contributions of the various
residues which lie in the region of the binding-site, genetically engineered
binding-sites have been produced that continue to bind cholinergic ligands.
Synthetic oligonucleotides corresponding to the amino scid sequence
0-184-200 of T. caltfornica AChR have been cloned using the bacterial
expression vector pATH2. Such transformed ceils can be induced for the
selsctive expression of the trpE fusion-protein which contains the AChR
sequence at ity COOH-terminus. These fuslon-proteing can be highly
enriched and have been analysed for their cupacity to bind cholinergic
ligands. Thus a-184-200 binds a-bungarotoxin with an afﬂnlnt,y of
107 M. Tubocurarine competes this binding witk m ICgq of 104 M and
carbamyicholine competes with an ICgy of 102 M. The bacterially
expressed binding sites are being subjected tc mutagenesis so to evaluate
the involvement of individual residues in the binding process.

In addition, we hsve engaged in a survey of naturally occuring
variants of the ligand binding-site. Two blological systerns are being
analysed. GCenomic libraries have been prepared for the snake, cobrs and

the moth Spodoptera liltoralis and are “currently belng screened for
a-subunit homologues.




STUDIES OF THE BINDING Of AGONISYS TC THE ACETYLCHOLINt RECEPTOR

2

G. Navon]. T. Yamane™ and L.W. Je'Hnsk‘l2

lSt:hool of Chemistry, Tel-Aviv University, 69 978 Tel-Aviv, Israel

‘aT & T Bell Laboratorfes, Murrzy Hill, N.J. 07974, USA.

The nicotinic acetylcholine receptor (AChR) is a membrane protein
t.at changes the permeability of the postsynaptic membrane to scdium
jons, following binding of the ‘eurotransmitter acetylcholine. Direct
NMR study of the AChR is made difficult by {ts high molecuiar weight
and the requirement of detergents ror its solubilization. He have shown
that the binding of agonists to the AChR may be studied by two-dimensio-
nal nuclear Overhauser effect {2-D MOE) and measurement of selective N
(T?el) of the agonist protens.

It was pointed out a few years ago that T?el is very sensitive to
the binding of ligands to large macromo]ecu\e:‘”. Indeed, significant
shortening of tha T’;‘e" of acetylcholine, carbamylicholine and nicotine
was found.1n the presence of solubilized AChR from the Torpede Califor-
nica electric tissue. The effect was abolished by the addition of a~
pbungarotoxin which binds very tightly to ihe receptor. Tie] can also be
used for the determination of binding constants of Hgands(z). Since
binding constants of agonists .o the AChR are very large, only relative
pinding constants could be obtained, by competitior experiments. Thus,
by foliowing T?e] of the nicotine aromatic protons as a function of the
concentrations of other 2qonists, relative binding constants of
1:7 ¢ 0.2: 9.04 were found for nicotine, acetylcholine, carbamylcho~

line and muscarine, respectively.

2-D NOF experiments on nicotine in the presence of AChR yielded
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negative cross-peaks corresponding to NOE's between the varicus protens
of the bound agonist as well as NOE's due to transfer of magnetization
from the receptor to the agonist. A combinatien of che NOE and T:e‘ data
2llows us to calculate the distances(3) between the protons of the ago-
nist in the bound state, from which the conformation of the bound ago-
nist may be derived. Those groups on the AChR which are in close contact
with the agonist are being identified on the basis of transferred NOE

from the AChR to the agonist protons.

{1) G. Valensin, T. Kushnir and G. Navon, J.Hag.Reson. 46, 22 (1982).
{2) 7. Kushnir and G. Navon, Bull.Magn.Reson. 6, 50 (1984).
{3) D. Xajlan and G. Navon, J.Chem.Soc. Perkin Trans.Il 10, 1374 (1981).
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EXPRESSION OF FUNCTIONAL NEURONAL NICOTINIC ACETYLCHGLINE RECEPTORS

FROM CLONED ¢DNA SEQUEN-ES

Jim Patrick, Jim Boulter, Evan Denaris, Johr. Conrolly,
Keiji Wada, Dan Goldman, and Steve Heinemann

Salk Institute
San Dicpgo, California

A family -f gencs coding for proteins homologous 10 the muscle nicotinic acetylchaline
1eceptor a-si vunit has been identificd in the rat genome. Three members of this family,
alpha2, alpha3, and alphad genes are irunscribed in the central and peripheraj nervous
systems in areas known to contain functional nicotinic receptors. We have identified an
additional gene, beta?, which encodes a protein homologous to the a-subunits but which
lacks the cysteing residues thought to be close to the ligand tinding site. The beta2 gepe
encodes a protein which, in combination with either the alpha2, alpha3, or slphad proteins
will form functionai nicotinic acetylcholine receptors in Xenopus oocytes. Qocytes
expressing either alphaZ, alpha3, or siphad protein in combination with the beta2 protein
produced a strong response to acetyicholine. Oocytes expressing only the alphad protein
gave a weak response to acetylcholine. These receptcrs ave activated by both acetylcholine
and nicotine. They are not blocked by alphs-bungarotoxin, which blocks the muscle nicotinic
acetylcholine receptor. Thus, the recepiors formed by che alpha2, alpha3, aiphad, and beta2
subunits are pharmacolegically similar to the ganglionic type neuronal nicotinic
soptyleholing peccpton. Thest 1Ssulis dimoiisiiaic il ihe aiphaZ, aipha3, aiphad and beta?
genes code for functiona! nicotinic acetylcholine recepior subunits which are expressed in the
brain snd periphe -al nervous systems.
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SINGLE-CHANNEL AND LIGHY-FLASH HEASURSMENTE ON MOUSE.-TORPEDO
ACETYLCHOLINE RECEPTOR HYBRIDS EXPRESSED IK XENOPUS OOCYTES.
Lei Yu, Ref{d J. Lecnaxrd, Cesar Labarce, Henry A, Laatex.
Division of Biology, Cazltach, Pasadena CA Yil25, USA

Thia work extends previous studies on equilibrium
propertiss of recevtors expressed in oocytes by injection of
SP6 RNA. Us have exanined voltage sensitivity at the level
of single-chanunel recording with seversl hybrid receptors:

aﬂ.a'v.a'hﬁ‘. Imr&;. hy, and
aM ;:5’; Ii’\‘pzu':lﬁdc-oulf,;ntc u.n’a{ co-bimmn showed a
linesr ‘single-channe)l current-voltage relationship: but eopsn
duration depended on voltage. Avevage chamnel duration, 7,
vas nsasured at -60 mV and +60 aV. Ths extent of tha voltage
dependence of each cusbination was astimsted by the ratio of
T o£0aV/T+50ay: 9nd the results ware in agraement uith our
previous counclusions from the wacroscoplic measurements.
Closed times had less than 1/5 the voltage sensitivity of the
open times. Thus, of the three pcazible parameters
underlying voltage sensitivity (channel conductance, opening
rate, and closing rate), the latter amakes tha mijor
contribution to the voltage sensitivity of the macroscopic
ACh-induced conductanca.

In an attempt to identify portions of the aubunits’
structure that may bes involved in formation of ths ion
chanuel of the AChR, we are &lso comparing the effects of
local anesthetics on the response of hybrid AChRs. The data
show that some hybrids differing in meun open time in the
absence oi louval anesihewicic exhibicv very simiisr open iiews
in the presence of the blocker QX-222, thus indicating that
the forward blocking rate is only wsakly influenced by
subunit composition. The flash-activated chamel bdlocker,
EW-1, 1s also being used with meacroscopic asgonist-induced
currents to provide efficient screening of tha
blocking/unblocking kinetics. Regults show that the #
subunit strongly influences the pharmacological propertiesr of
the cis &nd trans isomers. The cis faomer 4s a polent
charnel blocker in all-mouts receptors and in ssvoral other
hybrids: for these receptors, effects of EV-1 rosembls those
previously repcrted for Elsctrophorus electroplaques.
However, the trane iscomer 1s also a potent blocker in those
hybridz containing the Torpedo # subunit. Sponsored by NS-
11756 and MDA (fellowship to R.J.L. and grant).
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INN CONDUCTANCE OF GENETICALLY MODIFYED ACETYLCHULINE RECEPTOR C"HANNFLS

L. MethtesseI: Max Planck Institut rir biophysikalische Chemie, Gottingen

Functional nicotinic Acetyicholine Receptor (AChR) channels are
synthaesized and inserted into the plasma menbrane of Xenopus
oocytes follewing th microin ection of mMRNA exrtracted from
tissues that express the AChR protein. Injection of specific
mRNAs, obtajined by in vitro transcription Zrom cloned cDNAs that
encode ths AChR subunits, lesads tc a high channel density in the
oocyte membrane so that single AChR channels can easily be
investigated with the patch clamp tachnique. Their conductance znd
gating behavior closely agres with thcse of native AChR channels
studied in the neuromuscular endpl te or in cultured muscle cells.

Tha AChR proteins are oligomers composed of four different peptide
subunita. Therefora, the four corresponding mRNAs must he injected
simultanecusly into oocytes to obtain proper AChR charnels.
However, by deleting subunits or by exchanging subunits from tle
AChRe of different species, moditied AChR channels may be
synthe#izaed whose properties 1lluminate the rcle played by
different subunits in receptor and channel function.

With modern methoda of genestic technology, the ¢DNA coding for an
AChR sub'nit can be modified direcily and specifically. and then
transcriked in virro ¢n obtain mRNA encoding & mutated AChR
subunit. This, when injected Iinto Xenopus cocytes together with
the cthar required subunits. cun direct the synthesis of novel
mutant AChR channels with Xnown primary structure, whose function
can “hen be studied in detail with patch recerding. For example,
tha delta subunits of bovine and Torpedo AChR differ in their
primary sequencs and in severel cf the properties that they confer
to the complete rereptor channel complex. By producing chimaeric
delta wsubunitas and incorporating them into AChR channels in
oocytes, some of the Ifunctic al differences betweern tha two
parental cubunits could be 2ssi,k aed to specifis locationa on the
prims vy sequence. Thus, the M2 segment of the channel hss been
asso atsd with tha control o7 ion permeation., Similarly, the
#ffzct on channel function of a aingle specifi-s point mutation at
practically any dssired position along the primery sequience <an be
studied.

The permesation of ions through the open MChR channel hasg been
studied for & number of native, chimaeric and moditisd AChR types.
Tne conductance, the i-V relationship and the effects uf divalent
ions are affected by scme of the differsences in primary structuce
betwaen the various kinds of AChR. Therefore, such exgeriments can
1iluminare the relaticn betwsen channel structure and function.

Roweveyr, gince there is no definitive three-dimensionul structure
available for the AChR as yet, it is nccessary to devise models of
fon permestion thst can assist in the interpretation of thexe

resulis. Numerov: suck wmodels of wvariour complex ty can be found
in the “itexature.

*present wddress: Bayer AG, IF.tPLe, D-5090 Leverkusen, frG
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1% was  found that a gquite simple odel, consisting of a two-
barrier single-well Eyring rate-limited pore together with the
Crahame-MeLaughlin description of the effects of surface charge.
is quita satisfactory to represent the perneation of ions through
AChR channels. An important feature of the model isg that the
cenvral energy well within the channel 1is not neceasarily a
binding site. Instead, the saturation or channel conduyctance
arises irom the accumulation of ' armesnt ions by surfece chargas
near the channel pore. The shielding of surface charges also
predicts the observed effect: of divalant i1ons on channel
cendvctance. The numbers of charged amino acid residues near the
M2 segmants of various AChR subunits are found to correlats with
the observed concuctance behavior as suggasted by the model.




RECEPTORS FOR ACETYLCHOLINE IN THE NERVOUS SYSTEM OF INSECTS

Y. Breer and W. Hanke

Fachherefch Biologie/Chemie, Universitdt Osnabrlck
Federal Republic of Germany

The central nervous system of arthopeds 1s highly cholinergic in-
nervated; thus insect ganglia appear most appropriate for studying
neuronal acetylcholine receptors {ACHR). Lsing specific ligands,
high concentrations of cholinergic binding sites have beon detec-
ted; in contrast to the vertebrate brain, the nicetinic receptor
type predominates in insects, whereas enly a small portion dis-
played muscarinic properties. Subtypes of muscarinic receptors
could be distinguished; the M, type appears tv be located at nerve
terminals and to be involved Tn the fcedback regulation of acetyl-
choline release.

Attempts were made to identify the nicotinic acetylcholine recep-
tor from locust nervous tissue. A lsrge complex receptor protein
has been purif ied which appeared to be composed of 4-5 {dentical
or very similar polypeptides. When reconstituted in pianar 1lipid
bilayers, the native protein gave a functioral fon translgcating
system. Agonists such as acetylcholine, carbamyicholine and sube-
ryidicnoiine induced fiuctuations of singie chanrels which wera
blocked by d-tubocurarine, suggesting that the protein represents
a functional cholinergic receptor channel. The channel was selec-
tively permeahle for monovalent cations but was impermeable for
anions. The conductance of the channel (75 pS in 10C mM NaCl) was
{ndependent from the type of agonist used. Kinetic analysis of the
channel gating revealed that at high agonist concentration multi-
ple gating events and bursting appesred. Approaches to determine .
the cooperativity of cnannel activation showed that the nicotinic
acetylcholine receptor from nerve cells of insects {s apnarently
activated by only one agonist molecule. Immunological approaches
revealed that ti.¢ receptors are localfzed in the neuropile and
that there are obviously significant molecular similarities bet-
ween the constituents of the neuronal insect receptor &nd the pe-
ripneral heterooliyomeric vertebrate receptor. This was confirmed
when the R-terminal amino scfd secuence of an insect receptor po-
typeptide fragment was determined. As a first step towards an ap-
piication of recombinant DNA techniques, RNA preparations from lo-
cust nervous tissue were probed for receptor specific mRMA using
reticulocytes and Xenopus oocytes as expressfon systems. Occytes
microfnjected with fnsect pa1yA ~-RNA produced neuron2l AChR pcly-
peptides, which were inserted into the ooc: te surface membrane and
dispiayes specific binding of & toxins. Ion flux studies have pro-
vided evidences that the binding sites represent indeed ACh-gated
icn channels, juncticnal AChRs.



The membrane environment of the nicotinic acetylcholine receptor
F. J. Barrantes. Institutc de Bioquimica, Univ. Nac. Sud/CONICET,
8000 Bahia Blanca, Arg«nting.

Dotuiled knowledge of the mesmbrane framawork surrounding the
ricotinic acetylchLolins receptor {(AChR) is key to understanding
{ts structure, dynsmics and function. Theoraticel addels bused on
the application of thermodynamic criteris to the known primary
sequence of the AChR pulypeptide chalins zesign portions of these
to the bilayer regicn. The nature’ of the protein-lipid
interactions occurring in tha bilayer is not known, nor ias the
structural relationship between the two muleties.

The composition of the 1lipids in which the transmemorane AChR
chains are inserted has been charscterized in three Torpedinidae
species. The marked unsaturation of the major phospholipids found
may explain some of the physical properties of the bulk 1lipid in
AChR-rich membranes; more than 50N of the fatty aclds are 1lcng
chain polyunsaturates. Docosahexancate mikees up more than 70% of
the laster i{n T. paruorata. Phospholipid classes and fatty acyl
chains bear considerable resemblance among species, perhaps
providing this evolutionarily cousarved protein with a similarly
constant milieu for its optimal functioning.

Changes in physical properties of the AChR membrane are known to
follow on from extraction of non-receptor, peripherzl proteins.
These changes aay bear relationship to the recently found
selective depletion of certain phospholipid c¢lasses which
sccompanies perigherel protein extraction.

Mctabelizs =tudies conducted beth In vive and in vitro using
radiolabeiled precuirdcrs indicats the vresence oi aviive potls
among membrane phospholipids, particularly in the minority
pelyphosphoinositides,

Stucdies aimed at defining the topography of 1liplds in the
mepbrane show the asymmetrical distribution of phospholipid
clagses between the two hatlf-layers. Although we still ignore
which lipids are in the immediate microenvironment cf the AChR,
2SR studi{es reveal the presence of an annulus of relatively
jmmobilized 1ipid. consiesting of about !0 phospholipid molecules
per AChR monomer, in active exchange with the bulk bilayer 1ipid.
Lateral 4diffusion of lipid in the plane of the membrane appears
to be a tree process as measured by filuorescence anisctropy
decay.



BIOPHYSICAL STUDIE;] OF ACETYLCHOLINE RECEPTOR IM RECONSTITUTED
MEMBRAKES: ROLE OF LIPIDS IN REGULATING FMNCTION

Mark G. McNamee, Department of Biochemisiry and Biophysics,
Univereity uf California, Davis, CA 95616.

Nicotinic acetylcholine receptor {AChK) from the elactric tissum
of the electric ray Tcrpedo californica has beer purified by
ffinity chromatograply in cholate solution and reincorperated
into membranes of defined lipid compousitien by dialysie. The
interactions of the AChR with 1ipids have been examined by several
different biophysical techniques including fluorescence quenching,
EPR-spin labelling, ond FTIiR spectroscepy. Important lipid-
srotein iateractions deta. zed by the biophysical studies have been
correlsted with the functional effects of the lipids on both the
ligard binding and lon permeability control properties of the
AChR.

Using a variety of different lipid miw.tures, it was determined
that the iow-to-high binding affinity transition for activating
ligands requir2u an optimal membrane fluidiry, as messured by the
order parawmcter of a fatty acld spin label incorporated into
reconstituted menmbranes. Memdranes thit had either too high or
too low a value for the order perai :ter were unahle to undergo the
tr.nsitions induced by carbamylcholine even though they cculd bind
alpha- bungarotoxin, The eftects were reversible as judged by
tempzrature dependeie and re-recconstitution into the proper lipid
environusent, Recept-:-medisted jon permeability slso required an
optimal fluidity since the affinity transition appears to be a
necessary, bui not sufficient, condition for functional receptors.
However, the icn peimeability properties also showed a requirement
for specifi< lipids under the reconstitution conditions used.

Only these 1ipid miuzures contsiuing cholzasterol and negetivelv—
chrrged lipids were active in fon flux assavs,

In paraliel studieu, the cffects of differert lipid mixtures on
the overall confcrmation of the AChR were analyzed by FTIR
spectroscopy. Cholesteinl appeared > increase the average aiphe
helix cortant of the AChR as moniter ed by an increased intensity
&t 931 ce-1 and nagarively -harged lipid: appeared to increase the
beta shest content as moni*ired Ly increased spectral intensity st
388 cm~], The combined increas=s in both paraneters rorrelate



well with the lipid requirements for functional ion channels. The
results suggest that cholesterol, or ralated analogs, may
stabilize alpha helical structures asso+jated with the ion
channel.

A special roie for chelesterol in AChR structure and function has
also “een revealed by fluorescence quenching studies uvsing
trominated analegs of phosphstidylcholine and cholesterol, The
brominated analogs pertislly guench the intrinsic fluorescenca of
the AChR by a static mechanism. Competition betwen brominated and
aon-hroninates lipids provides quantitative dats that can be usad
to calculate relative binding constants for different lipids to
the membrane-surface aress of the receptor. In the case of
cholesterol, additional dinding sites on the protein that cannot
be displaced by phespholipida ave detected. These sites may
represent regions of the protein thast have a relatively high
affinity for cholestercl. Experiments are in progress to
datermine if the extra cholesterol binding sites are related to
the role of cholesterol in stabilizing alpha helical structures
an¢ in providing an appropriate lipid environment for ion channel
activity ia reconstituted memtranes.




NEW APPROACHES TO STUDIES OF NEUVRONAL RECEPTORS

George P. Hese
270 Clark Hall
Cornell University
Ithaca, NY 14853
U.%.A.

During the past years, &Y chenical signals (ueurotrsnsaitters) and
« variety of different recaptor proteins responsible for the
trawmission of signals between nerve calls and betveen nerve and uscle
cells have been identified in electrophysiological experiuvents.
Investigations of the relatiorship between the signal transmission
procsss snd the function and structure of the receptora Lave baen
haspered by the time resolution ¢f the availabla chemicsl kinetic
techniques, snd by the availability of receptor protains in sufficient
quantities for the structure to be determined. Three different
approsches adopted in this laboratory to overcc..e the probiem will bdbe
discussed.
(8} Two kinetic techniques have been developed that aliov one fo messure
the ligand-binding steps, channel-opening steps, and recepior
desensitization {inactivation) over a wide concentration range of
neurotransoittar and inhibicors, directly on a cell suxface: (i) a call
flov method with a § ms tlme rtsolution, and (1i) eynthesie of inactiva
naurotraramittur precursors, vhich cen be equilibrated with receptors »m
cnll surfaces ard then photolyred to ths active neurctransaiiter with :9
of S0 us.
(b) Yeast can be grown in large quantities. Ve have shown that it is
capable of synthesizing the scetylcholine receptor subunits and
jnsercing thew into its plasmz wembrans, snd ve are stulyimg the
srrucwure} aud Juiciicnal proparviiss of ths pelypapiide chedne, The
expectations are that large enough quaniities of a variety of recepter
proteing csn be produced and assembled by yeast for their structure and
function to ba studied.

(This work wee supported by grants from the Natvional Institutes of
Health, the Nstiona) Science Foundation, and the Cornell Biotechnology
Program, which 1a supported by the Naw York State Science and Technology
Foundation and a consortium of {ndustries.)
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THE BONDING SITE AND PHOSPHORYLATION SITES OF THE NIOOTINIC ACETYLCHULINE
RECEFTOR

Sars Fuchs, [Mrorit Neumarn and Anat Safran

Departrent of Chamical Dmmnology, Tha Weizmarnn Institute of Science, Reho~
vot, Istael.

The nicotinic acetylchuline receptor (AChR) is a newotranemitiar-regulated
ion chammel which mediatas synoptic trarmmission at .3 post-ssmaptic mem-
Lirane of the neurgnuscular junction. The purified AChR 1s a 250 kDe tran~
smarbrave glycoprotein and consiste of four subunits with a stodchiometry of
#18. Synthetic peptides oorresp. ding to sequences from the AChR &
:Keu- respective antibodies, are buuing amployed for mipping ard analysing
tha cholinergic binding site and phosphorylation sites of tha receptor. We
have previously shown that & synthatic dodecspeptide cuorresponding to reei-
dues 185-196 of Turpedo ACHR s-gubunit, contains the essential elementa fox
a-bungarotoxin («~-BTX) binding. By gquantitstive analysis of tha cholinergic
binding properties of this peptide we have demonstrated that this dodecspep-
tide also includes the naurctransmitter binding site. Synthetic paptides
o 1.31dues 185-196 of Mamen and aoups ACHR a-subunite are

also being anslysed. Thase studiss along with specific chamical modifica-
tions point at the imporance of the cystaina and tryptophen residues for
the binding. We are now attampting to elucidate tha structure of the snaks
ACHR birding site, which unlike other rmuacle AChRs, does not bird «-BTX but
does respond to dolinergic ligends. Phosphorylation of AhR, andl in par-
ticuler of its é-sudunit by cAMP dependent protsin kinane (PKA), calciuw/

Kinams has bese eosdizd, mmmmmmmmnum
sites in tha é-pubunit enid Gemonstreted tiet ths % xylotion sitas fowr
both enzymes reside in very cloee proximity, within three consecutive sarine
residues at pogitiong 360, 361 and 362.
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REGULATION OF THE KRICOTINIC ACETYLCHOLINE RECEPTOR BY ROTEIRN
PHOSPHORYLATION, Richard L. Huganir, The laboratory o: Molecular and
Gellular Neuroscience, The Rockefeller University New York, New York
10021

The nicotinic acetylcholine receptor is & neurntransmitter-
dependent f{on channel that mediates the dJdepolserization of the
postsynaptic membrans in response to acetylcholine at nicotinie
cholinergic synapses. Th- nicctinic receptor is & H -255,000
pentamoric complex which consista of four types of subunits a (M
40,000), 8 (M_ 50,000), y (M_ 60,000) and § (M_ 65,000} in the
stoichiometry of a 895. We have demonstrated Ehat tsolated
postsynaptic manbr;nas enriched in the nicotinic receptor contain at
least four different protein kinases, cANP-dependant protein kinase,
calcium/calmodulin-dependent protein kinase, procein kinase C and a
tyrosine-cpacific protein kinase. Three of these endogenous protein
kinases phosphorylsate ths nicotinic acstylcholine in the {solated
postsynaptic membranes. cAMP-dependent protein kinass rapidly and
s=oichiemetrically phosphorylates cerine residues on the y and §
subunits of the receptor. Protein kinase C rapidly snd
stoichionscrically phospherylates serine residuss on tha § subunit
and also csuses a slovar but significant phospherylation on terine
residues on the & subunit. Thaczggogonoua tyrosine kinases vhich are
imm.nologically related to ppéQ tapidly and atoichiometrically
phosphorylate the £, v and § subunita. All of the phosphorylatien
sires are uniqus and thus thres diffsrent protein kinases
phosphorylata #he acetylcholine receptor on seven different zites.

The photphorylation sites on the vy and § subunits fox cAMP-
dependent protein kinase have recently besn idsntified by protein
gaquencing techniques. The cAMP-dependent protein kinase
phospherylates norine 3353 on the y sudbunit and serine 36l on the §
svbunit. The locations ci the other phosphorylation szites have been
proposzad to be adjacent to the cAMP-dependent phosphorylaticn sites’
and ore located on & common ragion of each of the subunits with tha
Lhies phosphory ation sités on the § asubunit belng withia 20 amine
acids of each :her. This suggests that phosphorylation of the
recepter by sll three kinases regulates s commwon property of the
receptor. The phosphorylation sites are located on the major
intracellular loop ir theoretical models of receptor structure.

Recently we have directly examined the functional 2ffects of
phosphorylation of the nicotinic acetylcholine. The fcn transport
properties of the purifiad and reconstituted acetylcholine receptor
were investigsted before and aftar phosphorylation by cAMP.-dependent
protein kinaze. It was found that phosphorylatic of the alcotinic
scatylcholine receptor on the vy and § sub. \its by cAMP-dependent
protein kinase dramatically increaszd the yate of che rapid
desensitizstion of the receptor, tha process by wi ch the receptor is
inactivated in the pressnce of acetylcholine.
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Moreover, recent studies have shown thav ths nicovinic
egcetylcholine receptor is phosphorylated (& intact muscle cells by
~AMP.dependent protein kinase and that this vhosphorylstion ragulates
the rate of desensjtization of the muscle receptov. Frimary muscle
cells were prelabelled with radiocactive fnozpanic phesphate and then
the cells were stimuluted with various agents th~t regulate the
intracellular levels of cANP. Undar busel cuonaitions, the receptor
was phosphorylaced on the 8 and 4§ aabunits. Addition of forsgkelin, a
potent activator of adenylate cyclase, or :AMP analogues dramatically
stimulated the phosphoryiation of the § subunit of the recsptor.
Exposure of rat primary muscle cells to forskolin and cAMP analogues
under idantical conditions incresses the rate of degensitization of
the recestor. The fucrezse in the rate of desensitization aftsr
forskclin treatrent shows a very similar Joss response curve and tiame
cou~se as the incyease in the phosphoryls:irn of the § xubuuit of the
receptor.

These in vive results together with the in ¥itrq results grovide
strong evidencs that phosphorylation of the nicotinic recapror by
cAMP-depandeaat Linuse regulates its rats of d~sensitization. In
contrast, the role of phosphorylation of the recepto. by protein
kinase C and the tyroslies specific prozein kinate L{s not ciear. It
has recently bien te crted that activators of vrotein Vinase © (1.s.
phorbni asters) increase the rate ol deseni.tization of the nicotinic
acetyleholina rocspror In cultured myotubes. This sv:ygasts that
proteln kinsse C phoapherylation of the receptor aisn regulates the
desensitization of the receptor. This is not surprising in light of
the propusal thet the phosphorylatfon s{tes on the § sudunit for
cAhf-dependant rrot:in kinase and protein kinase C are iocated within
twenty amino acids of esch nther. Moreover, aince tyrosine
phosphorylation sccurs cdirectly inm between these sites on the §
subunie de de likely that desencitization >@ the receotor 1s aiso
regulatad by tyrusine phosphorylation. ’

The neurotransmitters or hormones that regulate the activity of
thesa protein kinases and the phosphorylation of the nlcotinic
acetylcholine receptor have not been identliled. Heowever, recent
evidence hes shown that the nauropeptide calcitonin gene-related
pepticde (TGRP) is present in the presynaptic te minals at the
nevromuscular junction and increasus intracellular levels of cAM? in
chick myotubes. 1In addition, ZGRP lncresses the phowsphorylatica of
the rilcotinfc acetylcholine in primsry &t myotubes. CGRP iy
therefore a likely candidate for a physiological regulator of
nicotinis veczeptor yhusphorylatior and desensitizatiorn.

In conclusion, the nicetinic acetylcholine receptor has provided
an excellent model system vo study receptor-receptor interacclons.

It s likely that there ars thres neurotransmitters or hormones which
act on three recepinrs to rvegulate tne sensitivity of a fourth
receptar, namely tne nicotinfc recepror, th ough thres df:tinct
protein kinase systems.
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A STRUCTURAL AND DYNAMIT MODEL FOR THE NICODTINIC
ACETYLCHOL! JE RECEPTOR

Edwacrd M.Kosower

Biophysical Organic Chemistey Uni«,

School of Chemistry, Sackler Faculty of Exact Sciences,
Tei~Aviv University, Ramat-Aviv, Tel-Aviv 49978 ISRAEL
and Department of Chemistry, State University of New York,
Stony Brook, New Yor¥ 11794-34C00 USA

Folding of the five polypeptide subunitslasprs) of the nico-
tipic acetylcholine recaptor (nACKR) Into x functional structural
mdel is described. The principles used to arrange he sequences
into a structure includez (1) Hydrophcdicity + membrane crossing
segments <2) amphipathic character + ion-carrying segments <(lon
channel with single group rotations) (3) molecular shape (eiong-
ated, pentagonal criinder) + folding dimensions of exobilayer
portion <4) choice of acetyicholine binding sites + specitic
folding of exobilayer gsegnents (8) location ¢f reducible disul-
fides (near agonist binding site) » additional specification of
exobilayer arrangement (&) genetic homology + consistency of
functional group choices (?7) roncompetitive antagonist labaling +
arrangement of bitayer halices. The AChK model is divided inte 3
parts (a) exobilorertl! antiparallel P-strands $rom each subunit
(b? bilayer:4 hydrophobic and 1 amphiphilic a-helices from each
subunit and (¢) cytoplasmic: ane (folded) loop from each subunit,

The exobilaver strands can form a closed "flower“(the *rest-
ing state®) which is opened (®activated®) by agonists bound per-
pendicular to tihe strands. Rearrangement of the agoniste to a
steend-paraliel poeldi 1 2ad partial! Closing of the “Tiower®
leads to a desensitize. receptor. The actions of acetylcholine
and succinoy! and suberor! bis-cholines are clarified by the
model. The opening and closing of the excobilayar *flower® con-
trols access to the ion charnel which is compossd of the § amphi-
philic nilayer helices. A molecular mechanism for ion fiow in the
chennel is given. Openings interrupted by short duration closings
(SOksec) depend upon channei group motions. The unusual photola-
beling of intrabilayer serines In a, P and §, but not in Y-
subunits near the binding s:te for non-competitive antagonists
(NCaS) is explained along with a mechanism for the action of NiAs
such as phencyclidine. The uynusval a P2cys-193cys disulfide m -y
have a special peptide arrangement, such as a cis-~peptide bond o
a following proline. (G,A.Petsko and E.M.Kosower, unpublished
results) The position of phosphorylatable sites and proiine-rich
segnents are noted for the cytoplasmic loops.

The dynamic bahavior of the AChR channel . d many dif{erent
experimental results can be interpreted in terms of the model. An
example is the Tocwering of ionic con iuctivity on substitution of
bovine Ffor Jgorpedo £ M2 segnent. The model represents a vuseful
consiruct for the design of experiments on AChR,
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TRANSTTIONS IN MOLECULAR FORMS OF A TYLCHCLINESTERASE
DURING THE DEVELOPMENT OF DROSOPHILA

M Arnpagaus {1}, 0 Fouwwndien (2}, JP Toutant (3}

(1) Phytopharnmacie TMRA, 78000 Versailfes
(Z)Centre de Rechenche INRA, 06606 Antibes Cédex
(3] Physdiologle Animate INRA, 34060 Montpellier- Cédex

The major molecular form of native acetylcholines
terase (AChE, EC 3117) present irn the keads of adult
Drosophila is an amphiphilic dimer (G2) associated to the
membrane through a glycolipid anchor (references a,b,c).
We have investigated the AChE molecular forms present in
late embryos (E), larval stages L],L2 and L3, and pupae
(P). Entire animals were homogenlzed in a low salt
buffer containing 1Z Triton X100 and a cocktail of anti
nroteolytic agents, These extracts were analyzed by ultra
centrifugation in sucrose gradients in the presence of
Telton X100, Brid 96 or in the absence of detergent and
by non denaturing electrophoresis.

The AChE activity expressed as nmoles AcSCh hydro
lyzed/min/g of wet welght showed a transient peak at the

1] stage; reincreased in pupae and was maximal in the
adult.

Figure 1 shows that four molecular forms (at
most) were present at every developmental stage (bands
1, 1', 2 and 3). By extensive correlation between AChE
peaks In sucrose gradients with these bands on nor denatu
ring electrophoresis and by analogy with the adult enzyme,
we demonstrated that the four electromorphs corre:ponded
to an amphiphilic dimer (1), an amphiphilic monomer (1')
and hydvophilic dimer (2) and monomer (3).

Since endogenous proteolytic activity during
meramorphosis of Drosophila is high (sece ref. d), we
checked that the molzcular forms observed in this study
did not result from the breakdown of the major G2 form
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Figure 1:Non denaturning electrophonesis af AChE present
in caude extracts of fLate embryos (E), Larval (L), pupal
(P) and aduft (Ad)} Drosophila. The gd (7.5% ac)LyLamde)
and the nunning buffer contained 0.5% Triton Xi00.
Migration forn 3 Houns at 10 V/em.

during the homogenization atep.

Our data support the hypoihesis thai a native
duphiphilic G] form of AChE occurs during the development
of Drosophila. The existence of this native form at the
L] and pupal stages (when AChE 1is actively synthesized)
further suggests that amphiphilic G1 form might represent
the precursor of the amphiphilic G2 form which is the
mature, membrane-bound form of the enzyme.

Developing Drosophila {particularly L] and P
stages) therefore constitutes a favourable system for the
study of the biosynthesis of the glycollpid-anchored
molecules of AChE. For example it should be possible to
demonstrate, with this wmodel, whether the amphiphilic
monomer possesses a glycolipidic domain or a hydrophobic
scquence which could be further exchanged {see ref. e).

Re ferences: a)JP Toutant, M Arpagaus, D Fournicr. J Neure
chem, in press. b) D Fournier, J Bergé, C Bordier.J Neuro
chem, in press. ¢) AL Gnagey, M Forte, TL Rosenherry {87
J Biol Chem, ir press. d} SA Dewhurst, RE McCaman.WD

Kaplaa (70) Biochem Gen 4,6499-508. e) Cross GAM (i7} Cell
48,179-181.
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POLYNORPRIS! OF MYOSIN LIGHT CHAINS ARD ACETYLCHOUINESTERASE
DURING THE DEVELQPMENT OF NEW-BORN RABBIT FAST AND
SLOW DENERVATED MUSCLES

F. BACOU, P. VIGNERON

Station de Physiologie animale, 1.N,R.A.-E.N.S.A.HM,
34060 Mcntpeilier Cedex, France

The rabbit Semimembranosus proprius (SMp) and Semimembranosus
accessorius (SMa) muscles represent a good model for studying the
transformations of muscle properties during the postnatal
differentiation. In the adult, these muscles are respectively homogeneous
in slow twitch (SMp) and fast twitch (SMa} fibersl. However, they are
heterogenecous at birth, and express their adult characteristics from two
months posinatal omwards. Ouring thit perrod, we have studicd the
influence of motor innervation on the development of their properties.
particulavly at the level of acetylcholinesterase (AChE) molecular forms
and myosin siow (LCs) and fast (LCt) 1ight chains.

The postnatal alteration of SMa and SMp muscles s
characterized by the diseppearance of the neonatal heterogenei.y and the
acquisition of {he homogeneous fast or slow fiber type pettern. The
fibers of these muscles denervated at birth are altered differently
dramztic atrophy of fast twitch fibers whatever muscles are studied,
preservation of SMp slow twitch fibers characteristics and fatty
degeneration of SMa,

At birth, both muscles present & similar pattern of myosin fast
and slow LC. In cantrol muscles, the alteration of fiber populaticns to
homogeneous types lead to the disappearance 0f supernumerary chains from
15 days onwards. In the slow muscle, neonatal derer:ation prevents LCf
disappearance. In the fast muscle, denervation influences essentially the
installation of LCf which is delayed by 15 days,




2

At birth, the polymorphism o1 AChE is s.milar in SMp and SHa
muscles. One month after denervation, the specific activity of AChE s
twice that of control, Its polymorphism is not mucn perturbed, while in
the adult derervation induces an important increase in AChE sp2:ific
activity (x10) and particularly a great alteration in its polymorphism
according to the fast or siow muscle fiber typesz’3.

REVERENCES.

. Appel H.J. and Mammersen F, 1979, Cell Tissue Res., 196, 531.
. Bacou et al. 1882.Nature, 296, 661.
. Lai et al. 19¢ . Nature, 321, 72.
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ACETYLCHOLINE RELEASE FROM RAT BRAIN SYNAFTOSOMES AS MERASURED BY
THE CHERMILURMINESCENCE MEVHOD

Bennetd M.s, Morot Gaudry-Talarmain Y., and lsrael M,

Département de Neurochimie, Labora‘oire de Meurobiologle
Cellulaire ot Moléculasre, C.N.R.S5., Gif-sur-Yvetto, France.

Pat brain synaptosomes (RBS) were prepared by density-
gradient wltracenirifugation o~ an jsotonic Ficoll dersity
interface at ph 7.4 and 4 C. Relesss of acetylcholise (ACh) was
messured by the choline oxidase-peraxidase-luriinul mathod at ¢
7.R-8.2. RBS ware ' ‘olarized with KC1, gramicidin and the
celcium 10nophera 87. The emcunt of ACh releasad was 1X of
that rcleased by T edo synaptosomes of the same protein
=ontent. Relaase 1nduced by KC1l is calcium dependent and follous
an 1denticnl tims course to the flunarizine-independent increase
in intracellular fre: Ca uhich has been observed 1n fluorescence
measyrements with Indo-). The prompt ACh celease is accompanied
by 8 slou (34 min t.c.) calcium-independent release of choline,
a. identified by measuremen:s performed aftier 32-60 nin of
tncubation vith 1@ micromolar phospholine. The synaptosomes
relense an in‘er"ering substance uhen lysed with detergent. Total
ACh content was memsuruad nfter t ichloroacetic acid extraction
~nd oxidation umth codium mataperiodate. Substantisl amounte of
choline are prresent in the initial preparetior, Rfter the
synaptoscmer have besn stored for 32 hr, ACh release is still 3&-
2% of initial velyee.

Cetuidil blorks the relvese of ACh from WS depoiorized with
KC1 and gramicidin as it does in Torpedo synsptosomes. The
spparent Ki for ceteidil ts .pproximately 25 micromola-. There

18 no effact of ceteidil on zholine release. )

» Permanent address: Departement of Anasthesiology, Oregon
Health Sciences University. Portland, Oragen.
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NEGATIVELY CHARGLD PHOSPHOLIPIDS, A POSSIBLE TARGET FOR THE PRESYNAPTIC
PHOSPHOL1PASE NEUROTOXIN FROM SNAKE VENOMS

C. BON, T.RADVANYY, 6. FAURC, B, JALIOV and M.P. LAMBEZAT

Unité dus Vering - Unité associdée PASTCUR/INGCRM N° 285
Inatitut Pasteur, 25 rue du Dr. Roux - 75015 Paris - FRANCE.

Crotoxin, the major toxic component of the Soulh Americen
Rattlesnake, Crotalus durissus terriffcuy, is a gotent neurotoxin
which  possesses a  phospholipage A - activity ond hlocks
neurnmuscular transmission primarily al the presyneptic level,
although et higher doses it ulso reduces the postsynaptic response to
acetylcholine by stabilizing the cholinergic receptor in en irective
conformaetionsl state.

Crotoxin, which is in fact & mixture of very similar isoforms,
consists of two non identical subunits. The basic component-B carries
the phospholipase activity of the toxin snd possesses a8 low
toxicity and the aci%ic component-A has no enzymatic activity slthough
it resembles @ phospholipese &_  in its primsry structure.
Component-A, 1is not foxic by itself bul considersbly enhances the
lethal potency of the phospholipase component-B. Upon jntersction with
biological or srtificial membranes, the two subunits dissociate:
componeni-A  is relessed free (0 s0lution ond component-B is beund. The
isolated phospholipsse component-B binds in 8 non satursble manner ty
either erythrocyte or postsynsptic membranes, Component-A -.hich does
not bind to membranes, considerebly reduces the non specific
sdsorptinn  of the phospholipase subunit, without preventing its
saturable -(specifie) tinding to a limited number of binding sites on
the synaptic membrene.

The isnlated component -~ possesses & low affinity for
unilameller wvesicles constituted of zwitterionic phospholipids, but
binds with & high saffinity to negstively chsrged phospholipids. The
nont enzymatic component--A enhances the selectivity of component-B for
nagatively cherged phospholipids since it completely innibits the low
8! finity binding of component-B to vesicles of iwitterionic
phospholipids. These obscrvations astrongly suggest that negetively
cherqged  phogpholipids are the physiolengical target of crotoxin or et
least an  important part of this (arget. This hypothesis implies thet,
et variance with olher plasms mesbranes, the presynaptic plasme
meshrane  (or  some apecinalized area  of the plasmn membirane) cxposes

nujatively chnrged ohasphalipids an ity externa] sul face.
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VERATRIDINE-INDUCED ASYNCHRONOUS QUANTAL RELEASE OF TRANS-~

MITTER IN EXCITATORY AND INHIBITORY NERVE-MUSCLE SYNAPSES OF
CRAYFISH

W. Finger ard C. Martin

Physiologisches Institut der Technischen Universitér Miinchen
Biedersteiner Str. 29, 8000 Miinchen 40, F.R.G.

4

5—10— mol/l veratridine in the svperfusate caused vwithin

10
seconds high-frequency asynchronous release of excitatory and
inhibitory trensmitter quants in crayfish neuromuscular junc-~
tions. This guantal release gave rise to vigorous current fluc-
tuations in the postsynsptic membrane of veltage clamped muscle
fibres. The current fluctuations were evaluated by means of
noise analysis and the total amoant of transmitter guanta li-
berated in the reaction with veratridine was estimated. After
veratridine was applied, in meny fibres of the claw opener
muscle the quantal release rate i increased within seconds

from o < 1 quantum/s to a maximum n{max) =~ 5,000-15,000
quanta/s. Thereafter, @i declined exponentially either with a
single or with two time constants. For excitatory quantal re-
leaze the single time constant for the exponentinrl decay of n
was T = 55 s while it was T = 75 s for inhibitory quantal re-
lease. Altogerher, in a single reasction with veratridine at

the claw opener muscle, the average total number of excitatory
quanta released from the terminals on a fibre of = ] mm length
was § = 300,000, The equivalent number of inhibitory quanta

wes § * 600,000, Veratridine could induce vigorous quantal re-
lease only once in & singie muscie fibre suggesting exhaustion
of quantal stores of transmitter by veratridine. The size, s,
and the decline, 1, of the readily releasable quantasl store of
transmitter obtained by veratridine are similar to results ob-
tained by 100 mmol/] xt (Martiu and Finger 1985, Neurosci Lett
53:309-314), Stimulation at 40 Hz of the excitatory nerve for
>40 min caused release of >5 million quenta, and at this time
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there «es st1ll no sign of transmicter deficiency. Pessibdly,
transmitter recycling or synthesis occurs during repetitive
nerve activity. Such processcs might be absent, hovever, du-
ring strong tonic depolarizations of nerve endings (Finger and
Martin 1987, Pfliigers Arch 408 ,Suppl 1,:R67/260).

In the abdominal superficial extensor muscle in which fibres
are inrervated by two excitatory axons up to &8 = 3,000,000
excitatory qﬁanta couyld be released from the terminals on a
2~mm-long fibre by applicntion of verstridine.

In lm.'-Ca++ superfusste (normal ca*t removed), about 75 % of
the total number of releaszable excitatory quanta tould be li-
berated by veratridine in the claw opener, In the sbdominal
superficial extensor muscle oniy 8 2 of excitatory guants could

be released in low-Ca** saline. This suggests a different de-

+
‘for these

pendence of quantal release on extracellular ca?
two nerve-muscle preparations (Finger and Martin 1987, Neurosci
Lett 75:293-298). When extracellular Na' wes replaced by Li¥,
the total amount of excitatory and inhibitery quanta liberated
by veratridine was 70-90 % lower then that obtained in normal
superfusate, The remuining quanta were released, however, after

normal XF+ was reestablished and L1+ resoved from the bath.
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MOLECULAR CLONING AND STRUCTUBAL CHARACTERIZATION OF HUMAN CHOLINESTERASE GENES

Avere]l Gnatt and Herwona Soreq

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

Cholinesterases (ChEs} are highly polymorphic proteins cepable of rapidly degrading
the neurotransmitter acetylcholine. ChEe can be differentiated by their catalytic
properties into two major classes, both expressed in various tigsues. These are
acetylcholinesterrse (AChE) and butyrylcholinesterase (BuChR), which exist in seversl
molecular formg, composed of a single, two or four catalytic subunits. Heavier forms
contain collagen-like "tail™ non-catalytic subunits, covelently bound to one up to three
tetramers as above [1]. It i3 not known as yet whether different genes code for the
various ChE forms, or whether control is post-transcriptional.

ChEs in various species display extensive homology at the level of their amino acid
sequence [2,3] and appear to be derived from a single ancient gene {4]. Homology was
retained also at the level of nucleotide sequence and between evoluticnarily-remote
species such as Torpedc californica and man [5). In humans, the genes coding for ChE are
intensively expressed in varilous embryoric tissues, including oocytes, as wes shown by in
situ hybridization to frozen overian sections {§). This makes the ChE genss good
candicates for the appecrance of inheritable, se-inserted processed genes. In addition,
genetic linkage studies have shown that defects in the expression of serum ChE may be
linked to either chromosome 3 genes like trensferrin ([7) or chromosome 16 genes such as
haptoglobin [8]. Indeed, chrouosomal papping of huasan ChE genes by in situ hybridization
revealed three loci containing ChE-coding sequences, two on chromosome No. 3 and one on
chromos.ome No. 16 [9].

In ord:r tc find out how many functional ChE genes exist in humans, what their
structure and mode of regulation are and which of the polymorphic ChE forms they encode,
mclecular cloning and gene isolation experiments were initiated. Several different phage
libraries of human genowic DNA fragments were screcned, including complete genomic
libraries, libraries enriched by size fractionation of enzymatically restricted DNA and
libgaries prepared from isclated chrososcwes. The full-length cDNA clone coding for human
ChE” or freguents isolated from this clone [5] were labeled and used ag probes in these
experiments. The screening resulted in the igolation of several different DNA fragmwents,
which were subjected to DNA sequencing by the Sanger technique, using M13 single stranded
pheges end synthetie oligndenwynunlentide bprimers synthecizad according to the ChEcDNA
sequence.

The existence of differently restricted frugments from the ChE genes on two different
chromosomes, together with the results obtained by in _situ hybridization to chrovosoces
and DNA blot hybridization studies, indicate the presence of at least three ChE geres in
hubang. Ore of these, localized on chromosome No. 3, appesrg to contain at least three
intervening sequences and may represent the original human ChE gene. Two other ChE genes
appear to be processed genes derived from the latter by post-transcriptional processing
events. These do not centain introns within their coding regions and they include point
changes in nucleotides es ccupared with the human ChEcDNA. The twe processed ChE minigenes
are locelized on chromosomes 3 and 16, respeztively, and the ChE minigene on chromosome 16
is most probably an actively expressed processed gene, coding for the C5 variant of serums
ChE [8].

- 99 .



e

In order to define the structural organization and intrinsic differences between the
various human ChE genes. pulse-field DNA electcophoresis followed by DNA  blot
hytridization is currently employed, Af{ming to identify, clone and isolete the human ChE
genes in their fully intect forms so that their promoter regiors and expression properties
can ba apprcached.
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ENERGETICS OF ACTIVATION OF THE ACETYLCHOLINE RECEPTOR. Meyer 8,
Jack?en, Department of Biology, University of California, Los
Angeles.

Mathematical techniques aprlicable tn a system with an
arbitrary number of channels {Jackson, 1985, Biophys. J. 47:129}
were uied to analyze the channel gating kinetics of the
acetﬁlcho1ine receptor from 0 to 20 uM carbachol. This analysis,
which included fitting single channel dose-response curves to
appropriate theories, provided estimates of the unli?anded.
singly liganded, and doubly Tiganded receptor channel gating rate
constants snd equilibrium constants. The disscciation constants
to the first and second hinding sites were estimated for a closed
channel, and the principle of detailed balance was used to
calculate the dissociation constants to the receptor with an open
channel. This constitutes a complete energetic description of
this allosteric protein.

The equilibrium constants of the gating transitfons are

1.9x10-6, 4.4x10"%, and 14 for unliganded, singly liganded,

and doubly 1iganded receptor, respectively. For a closed
channel, the first dissociation constant is 5 uM and the second
is 10 mM. For an open channel, the two dissociation constants
are .025 and .31 M, respectively. Thus the binding strengths of
the two sites are very different when the channel is closed but
very similar when the channel is open. The binding sites for the
closed state differ further in the degree to which binding
accelerates the rate of opening. Binging at the first site
accelerates the rate of opering 40 fold over the rate of
spontareous opening; binding at the second site accelerates the
rate of opening an additional 7060 fold.

These results can be interpreted by considering how
binding energy can be utilized by the receptor. for the first
binding site much of the energy of binding is utilized to
stabilize the complex with the closed state. The binding of the
sacond ligand to the closed receptor channel is weaker because
more of the hinding erergy is uséd to stabilize the onen charnel
conformation.
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CN  THE ROLE OF THE LIPID RILAYE. IN SYRAPTIN  TRANSMISSION

Konvaa Ksufmawnn
Fuchbereich Physik
Universitdt Egsen GHS
D-4300 Easen 1, F.R.G.

The control of synapti¢c functions by meabrane pi1oteins has seduced even the most critical
scientisty to consider the centra) fasctor to be n loc.l molecular mechanism. However,
even the details of the amino scid sequences have taught nothing ahout the physical basis
of membrane excitation, Membrane the.ry, in contrast, stjll centirues to proceed aleng
unrelated and mutuslly exclusive lines:

- chemiosmotic theories, where protons ave crucial, descrile the observed free energy
coupling;

electtical theories, where pyotons are ignored, model mathematically the deterministic
shape of propagsting action potenijals;

’

allosteric theories, where nsither protonic frec energy nor dererministic propagstion
matter,were to explain the {luctusting ion channels.

In contradiction to any molecular interpretsticn, though, the observed memdbrane excitation
is mact1oscopic . Action potentisls, for example, extend for sore millimeters
in spsce in the squid giant axen membrane. Ton channels obey macroscopic stasistical fluc-
tuations. Protcnic free energy coupling, too, since reversible, requires a cooperative
property of a macroscopic numter of membrane molecules.

This situstion is reminiscent of the propagat .on mechsnism of s-und which weuld have
remained unknown we e it investigated on the level of ringle, fsolatod molecules.

The macroscopic action potential likemise obeys the vinCiples of thermodynamics snd cen
therefore be neither molecular nor purely electrical in nature. Tha thermcdynasic proper-
tics of the mucrocconls membrane surisce ii5e37 &

1 consider:d in tha above membrane
thecries. This surface is constituted from the hydrated vhospholipid layers ané does noi
require the presence of proteins & pr 1 o r i . The spplication of clessical thermo-

dynamics gives rise to vemarhable respinses of phospholipid layers to stimulation, e.g.,

by ATP ar ACh hydrelases:

« {ree eneygy-rich proton-phospholinid bileyver confcrmations rorsistent with local and
with global sspects of cheriogmotic zoupling;

- propagstion of the hydrodynsmic excitstion slong the bilasyer with saltatory velocity
of sound snd sccompanied by increase and decresse of temperature, membrane displscement,
electyical polaviyption, and optical density in consistence with the observed sition
potential;

fluctusting openirg and closing of aqueous ion channels across the othervise impermeable
1ipid bilayer Jattice due to the strength of the thermal motion of the fiexible surface
in the more compressible states.

A proof for the 1ipid bilaver mechanism of biological wembrane functions can be obtasined
in any one of the following ways:
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- Uritication of the previously unrelated theories of chemiosmosis, sction potential,
and ion channel fluctustions by the entrcpy, forces, and fluctuations in the lipid
birolecular layer.

Evidence of the mechanism which is free of aalustable parameters and only requires

existence of the biluyer, volidity of classica) thermodynamics, and applicability
of Langruir monclaver disgrams of state,

Resolution of long-standing paradoxes:

Hill's abservation of temperature increase and d e ¢ v ¢ 8 3 ¢ during the excitation;
Tareki's observations of mechanical and optical pulses during the actisn potentiel,

snd its persistence in the sbience of monovaient cetions;

the presence of ion channel opening ®nd closing in the sbsence of proteins;

the dependence even of protein-induced fon channel fiuctustions on the 1ipid surface
veriables of piesture, elertrical pctential, or pH.

Crucial exm~rimental test of the theory:

the predictable induction o7 ion chanmels in pure phospholipid bilayers by the electro-
chemical proton potential, by surface pressure, or dy tempersture, as observed by
Hanke, Silwman, Corcia, and myself;

the appearance of deterministic millisecond pulses compazable to sction poteatisls

in pure lipid bilavers, induced by reversible pulses in any one of the surface variadbles;
free energy-coupling conformaticnsl bilayer transitions induced by protons directly or
by ATP? and ACh hydrolases.

The Tosults of experiments on pure 1ipid bilsvers in collwborstion with Israsel Silmen,
wolfgang Hanke, and Avus Corcia, as w211 as of the hydrodynamic theory for the electro-
mechanical coupling during sction potentials in collshorstion with Helmut BMrand, are

striking, since no othey membrane component js capable of explaining fon channels snd
excitation but the wacroscopic phospholipid surface, These are and will by reported elsevhere.

In consequence, sensory receptors couple free energy into the phosphulipid entropy,
propagation of the excitat'c-. is by the mechanisa and with the velocity of first sound,
while jon channels open anv close, controlled by the strerzth of the thermal motion,

The sensory stimvli, “hethe peripheral or synaptic, mediated by proteins or directly
srplied, induce the bilayer excitstion vis any one of the phospholipid surface varisbles:
electiricwl o7 chemizal pote tia) of the protons; mecnsnival displecemint; =

ctrical
polarisarion; electrochemical potential of celcium snd other mquecus ions or Avdrophobdic
membrany constituents. Weceptors for voltsge, pH, acoustical sonnd, for photons, taste
snd smell seem predictable, respectively,

Synaptic transmission is veversible if the iunction is tight, in the order of the wechanical
displecement; this is some 10 ® according to Iwasa and Tesaki. Transmission is slso con=
trulle. by the chemiosmotic proton potential. The cholinergic synapse is thus controlled

by the fastest pratonic free energy source known in th< nervous system and might thertfors
Ve eren more effici~at than the mitochondrial ATPase system: the catalytic sctivity of the
prospholipid-anchored membrane acetylcholinesterase. Thus, free energy coupliny across
synapses is controlled ir - chemicslly modifiable fashion.

ACK
4
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(A cwernboane exc¥ak'oe Syceapre
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SPONTANEQUS RELEASE OF ACETYLCHOLINE FROM THE TCRPEDO ELECTRIC
ORGAN

Roxana Licht and Daniel M. Michaelson
Department of Biocnemistry, Tel Aviv University.

In the present work we investigated the macnanisms
underlying spontaneous acetyl~roline (ACh) release. This was
done by characterizing tne rel ise of ACn from Torpedo electric
organ neurons and the effects tuereon of cholinargic 1llgands.

Incubation of Torpedc electric organ prisms in modified
Torpedo buffer in tne presence of the acetylcholinesteragse (AChL)
rnnibitors phospneline iodide (lvé uM) or parz.xon (154 uM)
results in spontaneous ACh release. Release is Linear for about
1¢ min after wnich it levels off to a plateau. The inhipition of
ACh release at the plateau is completely lost when electric organ
prisms are transferred to fresh media, wherwvas when the tissue is
transferred to medium which has been pruincubated with electric
organ prisms, release is completely blocked.Inhibition of ACn
release by the conditioned medium is abolishad by neating the
media to 90°C for 10 min., Incuration of Torpedo electric organ
prisms in the absence of ACHhE inhibitors results in basal ACh
release whose initial rate (@-19 min) is similar to that observed
in the presence of AChE innibitors. However, at longer
incubation times (1¢ ~ 30 min) ACh release in the absence of -AChE
inhibitors is not inhibited and rroceeds at the {nitial rate.

The effects of tnhe vesicular ACh uptake inhipbitor 2(4-
pnenylpiberidino) cyclohexancl (AHS51813) on basal ACh release were
cexamined. Addition of AHS5183 (0.1-1 uM) in the absence of AChE
inbinitors results in repressed basal release whereas in the
presence 9f either phcapnoline iodide or paraoxon AHS5183 does not
sffect ACh release. Spontaneous ACh release and the effects
thereon of AHS5183 are pH dependent., Maximal release is obtained
ai sc¢idic pH uhereas re'ease is most sensitive to AHS183 at
neutral and basic phH.
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PRESSURE ZFFECTS ON THE CARBANYLATION OF BFTYRYLCHOL IMRSTERASE
Petrick MA * and Claude BALNY

+ Centre d'Etudes et de Recherches Biophymiologiques appliquées A la
Mai-ine, Division ds Biochimie, B.P. 610, 83800 TOULON-NAVAL, France.

» INSERM U128, CNRS, B.P. 8051, 34033 MONTPELLIER, France.

The affect of hydrostatic presr :re on the resction of human plaaza
chol ‘nesterase (£C.3,1.1.8) tatrameric form with tha carbamyl ester, Ne
methyl- (7-dimethylcarbsmoxy) quinolinium 1odide, was satudied under aingle-
turnover conditiong at 35°C up to 0.8 kbar.

The anzyme carbsmylation was followed by monitoring the formation of
the fluorascent gquinolinium ion ia a high-pressure atopped-flow apparatus
operating in fluorsaconce mwode. The apparent sctivation voluwe change (AV')
acconpanying the reaction was detarmined from the pressure—dependence of the
carbamylation rate. AV’ consiats of two cr;ntributiom : the volume changs of
the subatrate bxndlf\g atep (A\Ib) and the activation volume chenge of 'tho
carbamylation atep ( AV&). Thess two contributions were obtained from
experiments performsed under orassure at differsnt non-saturating subutrate
cancentrations.

The raié of carbamylarion displays a biphasic non-liner prassure
dependence. Up to 0.4 kbar, the non-linearity ia caused by & change ii ths
enzyme -~substrate dissociation constant (KD) and in the carbamyletion rate
constant (ka) with pressure, The curvilinear plota (fig. 1] are the it of
t-e experimental points according to the egqustion :

k, exp (-p AV} / rRti{ 5]

K, exp (=p VK, / RTS NE)|

k -
obs

with (fig. 2)

ok o !
av' = -RT {—eem 2] VY - av,
? T 1 1+ S/K,

From the pressura-induced changes in KD and "2' wa calculaved
AV, = - 129 5 18 al.mol”} and A% a 119 » 10 wl.sol”! for the reaction at
atmospheric pressure. These :args valuea cannot be s mply axplained in terms

s molecular 1ntermctiona ; they could reflect i{mportant structural changee.
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Therefors, the volume change associated with each step must he regarded rn
the eum of individual contributions : bonds format’on/disruption,
conformational changes and weter structuration changes.

S8eyond 0.4 kbar, the curvatures become =ore marked and the
inhibition of the carbamylation occurs in 2 narrow pressurs range. The
correaponding great positive Av’ suggest that, above 0.4 kbar, pressure
induces s conformational changs and/or an extenmive hydration change of the
anzyme. However, high-pressure aelectrophoresis data show no change in
quaternsry #tructure and no unfolding of the enzyme. In addition, the
inhibition {8 reversible after pressure ryleass.

At low substrate concentration (S = 10 uM), the pressurs effacts ara
markedly different., Since oV’ is dominated by the binding contribution, the
carbanylation 18 not pressure-inhibited. Surprisingly, AV' appears o be
preasure~independent at least up to 0,8 kbar. Data can be fitted by a
straignt line assuaing AV, » -5 ml.mol” and AVy = o. 7

The pressure effect depending on substrate concentration could bhe
discussed in tems of enzyme conformation parturbation. It may bs suggested
that the binding of substrate induces a conformational change leading to a
pressure-sensitive conformational state.

T 1§ L T T
Av' sie 11k \te D ‘
50
o
82 04 06 08 -10
P (kbar)

Fig.! - Pressuzc dependence of the ¥ig.2 ~ Apparent gonvsuon
observed rute ¢ oarbaaylation -1 volmme change (AV') as a
at 35°C, pH e 7.5 1 0 = 6.2 IU.T.I. function of our 1 ester
(1.Us pmol BuSCh hydrB1ysed.umin~ soncentration ( pM).

at Vmax in 0.1M phosphate pH 7, 29°C).
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A NEUTRALIZING MONOCLONAL ANTIBODY TO CROTOXIN

John L. Middiebrook' and Ivan 1. Kaiser?

!Pathology Division, U.S. Army Medical Research Instituts of Infectious
Diseases, Frederick MD 21701 and 2Department of Molecular Biology,
The University of Wyoming, Laramie, Wyoming 82071, USA

The purpose of this study was 10 dsfine the immunological relationships
among rattiesnake neurotoxins by using monocional antibodies.

Crotoxin is a potent prasynaptic neurotoxin found in the venom of the

South American rattlesnake, Crotalus durissus terrificus. The toxin is a
heterodimeric protein composed of an acidic and a basic subunit, Mice

wers immunized with either the intact toxin or its basic subunit.

Monoclonal antibody-secreting hybridoma cell lings were then obtained
using standard techniques. One of the lines was found to produce

antibody (Ab 1) which neutralized crotoxin and became the subject of

further study.

After production from ascites tumors, Ab 1 was purified on a protein
A-Sepharo: s coluran and typed as subclass 19G4. Ab 1 reacted with

crotoxin and the related mojave and virgrandis toxins, but did not react
with canenlor toxin of phospholipase A.s from C. atrox or C.
adamanteus. Mouse lethality ot both purified crotcxin aiid mojavs toxin
was neutralized by Ab 1. Ab 1 was approximately 50-fokd more effective
at neutralizing purified crotoxin than was commercial horse antiserum.
However, Ab 1 was ineffective at protecting from lethality dus te C. d.
terrificus venom under conditions whera the horse antisera worked well.
Paradoxically, Ab 1, when ac.Jed to horse antisara, markedly

potentiated the latter's effectiveness at protecting from C. d. terrificus
vencrn.

Wae conclude that several, but not all rattiesnake neurotoxins have a

comman epitope and that antibodies against this epitope can reutralize
the toxin, but not nacessarily the venom,
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cholinergic synapse, Neve-Tlan Guast House, near Jeruzalem,
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THR EFFECT OF AH 5183 ON THE RELEASK AND STORAGE OF NEWLY
SYNTARSIZED ACETYLCHOLINE IN FROG NKUSCLE

P.C. Molenaar and G.Th.H. van Kempen - Department of
Pharmacology, University of Leiden, Leiden, The Natherlands

It has bheen repoited that ths compound ALK 5183 is a potemt
{nhibitor of acetylcholina (ACh) uptake in vitro into synaptic
vesicles prepared from the electric organ of the alectric ray
(see for raview: ref. 1). In tha present experiments we
present evidence strongly suggesting that AH 5183 has a
selective inhibitory effect on ACh uptake Into synaptic
vusicles of preparations of frog skeletal muscle.

Sartorius muscles of R. escul- ‘ta were treatad with an
irreverible cholinesterase 1iInhibitor (soman) and then
stimulated via the nerve for 30 min (1 per s trains, 100 Hz
for 0.1 8). Muscles were 1~ft in Ringer containing 50
choline-d9 for 3 h and then stimulated for a szecond 30 min
period. AH 5183 (10 pM) was or was not present throughour the
incubation. ACh-do and ACh-d9 were measured by nass
spectrometry in incubation medium, 'bound', presumably
vesicular, and ‘free' extracts of the tissue (2).

It was - found that ACh release was axhausted by 30 min
stimulation and that a 3 h rest period was sufficient o
restore the pools of both releasabla and bound ACh. Whersas AR
5183 had no effect on ACh released during the first period it
caused an about ten-fold decrease of the newly synthesized
ACh-d9 raeleasad during the second pariod. Further, AH 5183
strongly redoced ihw ACh-dF which was lacorporatad intc ths
bound fraction. AH 5183 had no inhibitory effact on the
amounts of ACh-d9 synthesized during the period of rest after
the firat stipulation pariod.

It ts concluded that, whareas AH 5183 did not influence the
depletion of the releasabia ACh pool par se, it had a strong
inhibitory action on both the regeneration of relsssable ACh
and the transfer of ACh from the frse 1into the bound ACh
fraction of the muscies.

Parsons S.M. et al. (1987) Ann.N.Y.Acad.Sci. 493, 220-233.
Miledi R. «t al. (1982) J.Physiol. 333, 189-199.
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AN AL EERUM STHOLFLC TOR THE MEDTATOYHORE, AN ACETYLCHOLINE RFLEASING

PROTLIN, EXHIBITS A PRESYNAPTIC BINDING IN TORPEDO AND RAT
NEUROMUSCULAR IUVNCTIONS,

Morel N., Ilsraei M., Manaranche R. and Lesbats B.
Yept Neurachimie, lab_Neurvhiclogie Cellulaire et Moleculaire,

C.N.R.S., 91190 Gif sur ivette, France.

Revently wve purified from the presynaptic plasma membrane of
Torpedo electiic organ a oretein (the mediatophove) that mediates
calcium dependent velease of acetylcholine from proteoliposomes
(lsrael et al, 1986, Proc.Natl.Acad.Sci.USA, gé, 9226-9230).

By immunoblot terhniques, using a raubbit sntiserum to the purified
wediatophcre, Lhis antigen was shown to he most abundant in presynaptic
plasma membranes purified from Torpedo electric organ, pregent in lesser
amounts in synaptic vesicle fractions and hardly detectable in electric
nerve membranes Or plasma menbranes of the electroplagues. It was also
possible ro demonstrate by indirect immunofluorescence the presence of

a related antigen in Torpedo and rat neuromuscular junctions. The
fluorescence pattern .+ typical of a presynaptic binding. These
immunological results show that the protein mediatophore is specifis for
the presynaptic plasma membrans and that 8 related protein is also present

in Torpedo and rat neurcmuscular juncfions.



INHIBITORY EFFECY OF CEVIEDIL ON PRESYNAPTIC ACETYLCHOLINE
RELEASE

Marot Baudry-Talarmain Y., lesrael M. Morel M., Leazbats B., and
Maneranche R.

Qépartement de Neurcchimie, Ladboratoire de Neurshiolegle
Callulaire et Moléculeira, C.N.R.S5., G1f-sur-Yvette, Francs.

The effectes of catiedil, a vasodilatater substance, on
cholinargic function, were z-8mined at tha nerve electrorlagus
Junctran of Torpedo mermorete using both synaptosomes and
slices of! intact tissue. Cetiadil sbolished the caltium
dependant release of acetylcholina (ACh) trigQered by
depolaritation with XCl, gramicidin 0 application, Glycars
neurcloxin affect or by the addition of the calcium i1cnophore
A2187, plecing the site of action alier the calcium entry step.
In ecditicn, & direct effect on the relecse proces: itsel? wes
suppurted by the fact that cetiedi! wes able (o block the caloium
deperdent relesce of ACh mediated from ACh-containing
protevlipcsomes reccnstituted from synihetic lecithin and the
recently i1scleted presynaptic membrars protesn “mediatophore”.
This effect was obteined et & X1 close to that observed in
synspteacmes or in intect tissua ( 5-B micromelar). Urder the
conditions used in these e«periments, neather the synthes:is,

nor i1ts compartmentation within the nerve terminal were altered.
Hewever . the drug appeers able to reduce high-affinity choline
ugtake ond the vesiculer ACh incorporstion when given together
with radiosctive acntete precursor, Thus, cetiedi! has a broad
inh bttory sction on chalinergic membrane uptake proress.,
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REGULATION OF CHRICKEN MUSCLE ACETYLCHOLINE RECEPTOR GENE
EXPRESSION

Stephen J.Moss, David M.W. Beeson, Mark G, Darlison and
Eric A. Barnard. MRC Molecular Neurobiology Unit, MRC
Centre, Hills Road, Cambridge, CB2 2QH and Department of
Blochemistry, Imperial College of Science and Technology,
South Kensington, London, SW/ 2AZ, United Kingdom.

The nicotinic acetylcholine receptor {nAChR) within the
electric organ z2nd verteboate skeleta) muscle hag been
shown to be an oligomeric, integral membrane, ilon-gating,
glycoprotein consistin of four subunits of a stoichiometzy
a gyG. The analysis of complementary DNA (cDNA) and
ggnomic equivalents has shown than within the electric
organ each polypeptide is encoded by a distinct §ene.
Parallel studies on the calf nAChR reveal a similar pattera
of genomic organisation. Regulation of the expression of
these genes in vivo 1s of great interest but =8 yet little
information T8 AVAilable on this matter. We have taken
advantage of the accessibility of the chicken to investi-
gate the developmental expression of the chicken skeletal
nuscle nAChR transcripts, and their response to chronic
denervation. Subunit—sgecific puobes derived from cDNA and
genomic clones generated within this laboratorg for the
a,B,y and § subunits ¢f the chicken muscle nAChR have been
useqa to grobe poly(A)" RNA derived from embryonic, dener-
vated and innervated chicken skeletal muscle, High levels
of each subunit_ transcyipt are seen early in develcpmant
Eeakinﬁ at Dl -Dy,, decreasing rapidly towards Dyg. h .ch
over levelsldf tfe a,8 and & transcripts could 8 de ected
in imnervated muscle. Upon denervation of 8-week-old
chicken muscle, levels of all four transcripts were
observed to approach embryonic values. The importance of
these results will be discussed with reéard to the
regulation of the genes encoding the nAChR oligomer.
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REGULATION OF CHICKER MUSCLE ACETYLCHOLINE RECEPTOR GENE
EXPRESSION

Stephen J.Moss, DPavid M.W. Beeson, Mark G. Darlison #nd
Eric A. Barnard. MRC Molecular Ncutoblology Unit, MRC
Centre, Eills Road, Cambridge, CB2 2?5 and” Department of
Biochemistry, Imparial Co]le;o of Science and Technology,
South Kensington, London, SWJ7 2A2, Urited Kingdow.

Ths nicotinic acetylcholine receptor (nAChR) within the
electv'c organ and vertebrate ekeletal wuscle has been
shown .0 be an oligomeriec, integral pembrane, ion-gating,
glgccho:ein consisting of four subunitg of a stoichiometry
0oBy8. The analysis of couplementary DNA (cDNAi &nd
sznonic equivalents has shown than vithin the electric
orgau each polypeptide is encoded by a distinct }en-.
Parallel studias on the calf nAChR reveal a similar pattern
of genomic crganisation. Regulatisn of the expression of
thesa genes in vivo is of great interest but as yat litels
information Y5 &V3Tlable on this matter. We have taken
advantage of the accesgibility of the chicken to investi-
gate the developmental expression of the chicken skeletal
mugcle nAChR transcripts, and tfieir response to chronic
denervation. Subunit-.gecific probes derived {rom cDNA and
gencxic clonzs generated within this laboratory for the
8,8,y and ¢ subunits gf the chicken muscle nAChR have been
uted to prsbe poly{A)  RNA derived from embryonic, dener-
vated and innervated chicken skealeral wuscle. High levels
of each subunit transcript are seen early in development
f"kini at Dyo-Dy., decreasing rapidli tovards D;q. Much
ower Levels!Bf Lhe a,8 and 4 transcripts could B detected
in innervated muscle. Upon denervation of B-waek-old
chicken wuscle, levels of all four transcripts vere
observed to approach embryonic values. The importance of
these results will be dis:ussed with regard to the
regulation of the genes encoding the nA oligcmer,
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EUEAE MEMORY MODELLING : SYNAPSELWE
Siteon Jordanov Mrecher (ul."Jordan Mishev™ 21 38600 Jambol,Bilgeria)

The stall e synapse-modification (a base of the long-tem space
traces) is comnected vith the moleolar-chenisal processes in the
synapse forms,the genetic apparatus of the nesronsg takixg part.Tw
basic hypotheses dominate :

-~ The adaptation hypotheslis ~ a segence of the following events @
1.Incrensing of the secmtoriue functiong of the synapse vhen it is
induded in the activated system of inter~neiron 1inka, which lead

+o intensification of the interaction between the meditatsr and the
recertor proteins of the post—synapse membrane; Z.Causing of incre~
ased forning of the depressor (in the eynthesin of the receptor pro-
tein in the cembrane) and its diffugion in the maclais in an incre-
ased quantity; 3.The synthesis of the corresponding mRNA in the mic-
lais is increased and alsy its coming vut in the c{mplasn, vhich to
increasing of the receptor proteln synthesis; 4.With the help of the
factor "uilding in"(which is formed in the mesbrane waen the synap-
se 15 activat eZS incressed bullding ia of accessory ammounts of this
rotein in tte sub—synapse mexbrans is caused and gs a firal reslt
trhe synapse effectiveness increases.Consequently the basgie plastic
procesyves in the synapse adparatus take place in the post-syuapse
zegrbrane and prodably the apparatus of the spine growths takes part
iz the memory Drocesses and the teaching.Despite the existence of a
lot of indirect facts,there is mt a direct provenent of the adapta=~
tion hypothesis np to nmow because of the abeence of an adequate bio~
logical mode ;

- A structure-chemical hyputhecis 3 The role of the genome ig reduced
to seouring of the aynthesls of aspecific (for detemmined nairors) .
proteinsg or pertids, i.e. to sew.ring,oi' raxkers, wiich determmine the
genetic type of the brain structures (one for all) and to forming of
the i1rdorn (unoonditional ) refl exes. The genetically detemined neu~
ron systens (proto—chains) are in fact a stmictural brain code with
high plasticity,f.e. the record and storing of the ontogenstic in-
formetion in the Long-tem Hemory (LH) ip yealized in a cussica waya
The Mlasticity features secire forming of new naiTon chraing (meta-
chaing),i.e. syrapse-podifications are realized (the fncrease of the
synapee eftectiveness 1s detemined anatomizally; new syrapse net-
woxis are formed). Of most complete character 1 the hypothesis of
G.Ungar, namely : 1.The sicultareris activation of the nauron chaing
(of the unconditional reflex) and some of the afferent systems 1eads
to a trans-synapse trangport of the pegtids-marcers in the network
of epecialized intex-nairong ("meazory cells"); 2.The trans-petida-
5.3 0f the lagt celle "sew together" from the matkers a new peptide -
a non-genetle level of codirg of the ontogenetic information 3,3y
tuilding in of the "gewn togather"” peptide An the cechrane synapse
protein (of the "nenory cells”) the 1irks of the nedd y~formed meta-
chains are conslidated,i.e. a conditicned refl ex 1irk appears.
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IN SEARCH OF THE LIGAND BINDING SITE OF THE SNAKE NICOTINIC ACETYLOHOLINE

Elopid shakes respaxis to cholinergic ligands but unlike other muacle AChRe,
does not bBind s-bungarotoxin («-BTX). Hence, dissacting the structure of
the snske AChR ard its cholinergic tinding site i of unigue interest. By

ning the smino axid sequance of the snake ACR «- subunit and ocompar~
it to that of auscle AChR from other spacius ss well as to nauronel
., ws may gain insight inbo tw unique pharmaecclogical profile of tre
snaka receptor. The antigenic specificity of the £ \ake muscle AChR was ind-
timlly tested. FPolyclonal rabbdt anti Torpadc ACHR sntitndies cross-reacted
with tha snske ACHR In sactions of sneke muscle thus irdicating that the
snake niootinic AChR shares a certain degree of homology with ACRR from
other spacies. To verify that the AChR of the mnake was in fact registant
«~H1X, wo examined the effect of intraperitoreal injection of this neuwro-
toxin on snake mortality. Indesad, administration of «-BTX in concentraticns
(Mdmuhdehigfmthmitswwfcroﬂmspecmdidmt
repult in snake death. In search of the snake AChR gene we have preparved
Saurthen b of snake DA, digested with several restriction enzymes. By
enploying a 1labeled cDNA probe of the mouss ACHR a-subvedt (kindly pro~
vided by 8. Heinemanni), we could demonstzrats a crogs-resction of this probe
with fragrents of snake ONA digasted with Xbal, BamHI, EcoRI, Bglil ard Hin-
di11. A gexnic library fron sneke DNA was prepaxed in a agtl0 vector by

Aloaxt of DNA. A posiiive Clas Mpbridizine o tha mouse probe wes iso-
lated. The snalia MhR thus provides a useful systea {or slucidsting thae
structwal requirements for sgonist binding and for discriminating between
the «-BTX and the cholingergic binding site in muacle receptor.

ok
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ALTERNATE TERMINATION SITES IN HUMAN CHOLINESTERASE GENES
Catherine Pmdy!'z. Ronit z.nu-"3. Hain Zlkut3 and Hernona Somql

1. Department of Biological Chemistry., The Life Sciencos Institute, The Hebrew University,
Jerusalem 91904, Israel

2. Depurtment of Neurobiology, The Weizmann Inatitute of Sclence, Rehovot 76100, Israel

3. Department of Obstetrics and Gynecology, The Edith Wolfson Wedical Centar, Holon, The
Sackler Faculty of Medicine, Tel Aviv University, Israel,

Acetylcholinesterase (AChE) end butyrylcholinestersse (BuChE) are polysorphic enzymes
that exist in parailel arrays of multiple molecular fores with similar kinetic properties.
They differ in the number of catelytic subunits, in their level of hydrophobicity and mode
of glycosylation, &nd in their celluler and subcellular localization {1]. We recently
isolated a full length cDNA encoding BuChE from fetsl human tissuss [2,3]. Both the
enccded protein and its nucleotide sequence display striking homologies to sequences for
Torpeds AChZ (4.5]. To examine whether the isolated cDNA algso shares homologous sequences
with other nervous system cholinesterase (ChE) cDNAs in humans, we searched by screening
cDNA libraries for cDNA clones that hybridize with this c¢DNA but sre not identical to {¢,
Libraries were prepared frod glioblestoma tissuea {6] and neurcblastoma cells [7]). These
were found to contain different patterns of ChE molecular forms from those of normal brain
tissues [6].

The probtes used were the original BuChEcDNA, and oligodeoxynucleotides synthesized
according to nucleotide sequences that are homologous in both BuChchNA and in AChEcDNA
clones from Torpedo californica f4] and Torpedo marzmorsta [81. 10° phages from each
library were screened by both methods. 175 end 200 BuChEcDNA-pogitive phages were found in
the glioblastoma and neurcblastoma libraries, respectively. When screened with the
oligodeoxynucleotide probes, similar pumbers of positive phages were detected in both
libruries, and mcst of these overlapped with the BuChEcDNA pnaitive phages.

Two glioblastoma clones, however, appeared by comparative hybridization to include
the pursued oligonucleotides but to contain different cDNA sequences and were further
characterized by DNA sequencing. We found that these were derived {rom an mRNA transcript
tr.at includes ca. 230 nuclotides from the §' region of the BuChEcDNA, but that it extended
beyond the BuChECDMA at its 5 end and continued with s different asequenca in the 3'
direction.

About 25% of the nybridicaticn cignnla sbtained with BuChEcDNA wers significant but
weak, suggesting sequence differences. Out of these, 5 glioblastoma mnd 3 neuivblasicze
clones displayed different restriction patterns from that of the original cDNA. One of
these glivblastoma clones and all three neuroblastoma ones contained an additinel 0.5
fragment {designated FI) at the 3' uniransluted region of the cDNA. Another oue of the
glioblastoma clones contaired yet snother 0.5 kb fragwent (designated PII), also at the 3'
erd. This fraguent was not detected in any of the neuroblastoma clones. To establish that
the cDNAs containing these fragments wers authentic transcripts of the cholinesterass
(ChE) genes, and to define their chromosomel location, we employed in situ hybridization
to lyephoryte chromosomes {9]. We found that both FI and FII hybridize to the long arm of
chromosome 3, similar to the original BuChEcDNA, and that FI also hybrilizes to the seme
area of chromosose 16 to which the original clone hybridizes [10]. Furthermore, F1 was
also found on a ChE genomic clone frca chromosowe 3 {11].

The screening results indicate that seguences hybridjzing to BuChEcDNA occur in
glioblestoma snd neurobalstome cells at a frequency of ca 10 °, which is higher than found
in fetal brain, and may be due to the differentiation state of the tissues. We slso found
that there sre multiple termimntion sitea in the BuChE gene, and obtained evidencs for
alternate splicing., Because these phenoment were not detected in cONA libreries from
norpsl tissuea, it will be interesting toc see if thess changes are relatnd to the
different patterns of ChE mulecular forms in the glioblastoma and neurcbiastoma tissues.
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THE CORBXTSTENCE AND CORELEASE OF ACETYLCHOLINE AND ENKEPHALINS
EROM TORPEDO NERVE TERMINALS

Riva Rosenblum, Yosef sarne” and paniel M. Michaelson

Departments cof Biochemistry and Physiology and Pharmacology., Tal
Aviv University, lIsrael.

In the present sctudy we investigated tne coexistence of
acetylcholine (ACh) and enkephalins in Torpedo electromctor
neurons and their corelease following presynaptic stimulation,

Analysis by HPLC of TCA extracts of the electric lobe,
electromotor nerve and electric organ of tne Torpedo revealed
that they contasain Met-enkephalin and Leu-ankephalin-like
immynoreactivities. The specific concentrations of tnesa opioid
peptides is about thirty-fold higher in the electric lobe than in
the electric organ (respectively 35¢ and 12 fmol/mg prot).
Subcellular fiactionation of electric organ homogenates revealed
that ACh and the enkepnalins cnmigrate following aifferential and
density gradient centrifugation asnd tnat the purified
synaptosomes and the microsomal fraction are highly eanriched in
botn ACh and enkephalias, This suggesta that AC.s and the

enkepnalins coexist presynaptically and that the enkaphalins are
compartmentalized in small vesicles,

Kt depolarization of isolated electric organ prisms in the
prese. ce of Ca and the acetylcholinesterase inhibitor
phospnoline iodide results in the corelease of ACh and enkephalin
and in the concomitant decrease of the tissue enkephalins
content. ACh release procesas- linearly for at least 14 min
whereas release of the enkephalins is transient, The extent to
which this differance is due to the release process or to
hydrolysis of the releas=d enkephalins by endogenous peptidase
ana enxkephaiinase activities 15 discussed.
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PHOGPHORVLATION OF THE ACETYLCHOLINE RECEFTOR: STUDIES WITH SYNTHELIC

PETIDES AND THEIR ANIIBODIES

Anat Safran, Ronit Sagl-Eisenberg, Drorit Neumsnn and S.-a Fuchs, Departmant
of Chemical Dmmunology, The Welz: vn Institute of Sclenve, Rshovot 76100,
Turael,

The acetylchwline receptor (AChR) is & T30 kDs transmenbrane glyocopioteds
which oonsists of tour subunits asgenbled in 8 molar stoichiometyy of o874,
Synthetic peptides correspaxling to defined sequences of AChR and ir
respective antibodies are being employed for the study of receptor phosphn-
rylation. We have previcusly demnstrated that the ¢aMP depundent protein
Kirase (PKA) plospharylation site resides within sequenca 354-367 of the ¢
sunit of atfinity purified as well as membrane bound Torpedo AChR. 7The
phosphorylation site of the ca® /proepholipid dependent protein kinase (PKC)
was recently shown 4o ba inciuded within the same sequence of tha 6 subunit.
Thus, the phosphorylation sites for both PKA and PRC reside in close prosim-
ity, within thres consecutive serine residues at positions 360, 361 and 362
of tha ¢ subunit. Phosphorylation by these two kinaseg may therefore affect
biclogical functiaung similarly. Altematively, thasa two kinases may
operate in an additive, synergistic or sntagonistic manner, opening the pos~
sibility for plectzrpic effacts achieved through phosphorylation of the
recapior. The rola of ACKR phosphorylation in receptor function is cur-
rently being studied using muscle cells in culture.
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RECONSTITUTION OF ISOLATED ACETYLCHOLIN RECEPTCRS
- A CRITIQLE -
Th. Schiirholz, J.Weber, E, Neumann, Faculty of Chem:stry, University of Bielefeld, D-4800
Rielefeld, F.R.G.

“Finkelstein's socks is a decisive parameter for revonstitution of channel proteins into planar
bilayers". This scntence nicely caricatures the kind of arguments, used in acetylcholin recep-
tor-channel (AcChR) reconstituton, too. The rzason: «ithough some papers suggest the
contrary, there are tnany features of AcChR reconstitution uncontrolled.

AcChR-"molecules” can be purified by affinity chromatography. “reconstituted” into pro-
tein-lipid-vesicles and afterwards into planar membranes via, in principle, two methods: fu-
sion or assembly from two vesicle-spread monolayers. In the presence of agonists different
¥inds of channel openings can be recorded: fast single channels, bursts, and long opcnings
with short closures in between. Similar results have been shown with reconstituted membrane
fragments. In addition we see “fuzzy channels” and less defined events of conductivity, which
reemerge all the time again. Often , with the same sample, nothing can be seen. Such data
have not been publish:d or mentioned yet, because they don’t fit into the common idea of
kow channels have to look like or are thought 10 be garbage as 99% of the recorded data, too.

Although few articles give evidence, that reconstitnted AcChRs can be activated by agonists
and blocked by antagonists, the data don't yield more then just evidence, as they lack a
profund statistical basis. Besides, single channel recordings are, by principle, not suitable to
answer questions like agonist activation.

Reconstitution is a sonorous word for a simple mixing of some molecules. Many people
don’t realize that, e.g., during dialysis phase separation or structural changes of protein lipid
coinplexes can happen Thase nartition processes will influence the structure and the sompo-
sition of the resulting vesicles. Such metastable structures depend on composition and the
velocity and sequence of the steps. This phenomena should receive more attention in future.

A major lack of the channel data shown so far is that the number of channels in the
measurement cannot be correlated to the number of AcChRs incorporated into the bilayer.

AcChR-chaunel openings are usually recorded long after application of agonist. Therefore
the channels seen in the bilayer cannot be compared with those induced in the synapse; they
rather seern to arise from desensitized recepior states. In contrast to the very short distance in
the synaptic junction (20 nin) the agonist has to diffuse across a relatively thick unstirred layer
(0.1mm} towards the planar bilayer. Therefore the agonisi concentration at the membrane
will rise from a low concentration in the minute time range, causing desensitisation before an
agonist concentration is reached that is high enough for AcChR-channel activation.

To overcome these problems an experimental strategy is proposed which hopefully will
evoke a fruitful discussion.

Acknowledgement. We gratefully acknowiedge financal support by the DFG (grant SFB 223/D3 10 EN.)
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MOLECULAR FORMS AND LOCALIZATION OF ACETYLCHOLINESTERASE AND NONSPECIFIC
CHOLINESTERASE IN REGENERATING SKELETAL MUSCLE

Janez Sketelj, Neva Urne and Miro Brzin

Institute of Pathophysiology, School of Medicine, 61105 Ljubl jana, Yugoslavia

The soleus and EDL muscles of rats were isnlated, incubated with an irrever-
sible AChE inhibitoranca myotoxie substance, and autctransplanted back in
the place of the contra lateral EDL muscle. Ischemic necrosis was followed by
muscle regeneration within the tudbes of old basal laminas. Reirnervation of
muacle regenerates was prevented by high axotomy of the sciatic nerve.

Molecular forms and histochemical localization of acetylcholinesterase and
nonspecifiic cholinesterase vere analysed in muscle regenerates. Regenerating
myotubes and myotibres produce the 16S AChE form in the absence of innervation.
The asymmeir.ic mclecular forms are prasent throughout tie length of muscle
regenerates. The 45 globular torm predominates in early regenerates whereas
the tetrameric 108 AChE form becomes predominant after cross-striatious
appear in ruscle regesnerates. Although the patterns of AChE molecular forms
in normal EDL and soleus musc es differ significantly no such differences
were observed in noninnervate’ regenerates from both muscles.

Two types of local accumulation of AChE aprear on the sarcolemma of regene-
rating muscles: first, in places of former motor endplates and, second, in extra-
Junctional regions. The’junctional’ AChE accumulations appeared also in rege-
nerates prepared from muscles that had been predenervated for one month.

AChE in the 'extrajunctional’ accumulations can be detached by collagenase
trcatomant of nonhoeigTiiced regenerates indicaling the presance of Lhe ady-
mmetric molecular forms. The 4S form of nonspecific cholinesterase is prevailing
in regenerating myotubes whereas its asymmetric forms nor focal accumulations
could not be identified reliably.

The satellite celis which survive after muscle degeneration probably originate
from some type of late myoblasts and transmit the information corcerning the
ability to aynthesize the asymmetric AChE forms and to focally accumulate AChE
to regenerating muscle cells. Synaptic basal lamins from former motor endplat-s
may iocally induce AChE accumulations in regenerating muscles. The indixing
substance does not need a continuous presence nf the motor nerve and may be
produced by the muscle.
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COHFORMATIONAL STABILITY OF NON-AGED AND AG! D DRGANUPHCSPHORYL
CONJUGATES OF G-CHYMOTRYPSIN,

N. Steinberg, J.Grunwa?d‘, Y, Alhlnl‘ and I. Silman. Dept of Neurcbiology.
Weizmann Inatitute. Rehovot; 11arsel Institute for Miological Rasearch,
Ness-Ziona, Israel.

Organophosphqrus (OP) este.s inhibit serine hydrolases such as
chymotrypsin (Cht), trypsin and acetylcholinsstevass (AChE), by formstion
of a stolchiometric covalent conjugate with the active-site sarine.

The inhibited enzyma can subsequently undergo one of two competing
processas: elther reactivation or ‘aging', with the latter resulting in
a conjugate which is completely resistant to reactivation (Hobbiger, 1955;
Aldrige & Reiner, 1972). Aging involves detachment of a substituent from
the phosphorus atom, with concomitant introduction of a negative charge
into the active-site, according to the following wchema:

{inhdbition
BUXF(OHOR')R q._‘-:UK._, (ol i -8y EP(O}(07)n
reactivation aying

where R is an alkyl, alkoxy crv arylexy group, R® is an alkyl or aryl group,
and X is a leaving grocup. Kinetic studies show that the electrostatic barrier
provided by the negative chsige cannot, alone, explsin the complete resistance
to reactivation observed experimentally (Behrman et al., 1970),

The aim of this study war to investigate the susceptibility to confor-
mat fonal chanyes of the active-site region of ron-aged and aged Cht.

The susceptibility to denanturation of pyrenebutylethylphosphoryl-Cht
(FBEP-Cht) (non-aged) and of pyrenebutylhydroxyphosphoryl-Cht (PBP-Cht)
(aged} was studied by measurement of *heir circular dichroism (CD) =mpectra
at verious concentratione of guanidinium hydrochloride (Gu,HCl). "Reactiva-
tion studies, after incubation with Gu.HCl, were pearformed in parallel.

The CO spectrum of PBEP-Cht exhibits four conformational transitions:
The first, at 0.3-0.4 ¥ Gu.HCl, in the range of 310-340 nm; the sacond, at
about 0.7 M Gu.HCl, near 35C nm; the third, at 1-2 M Gu.KC1, in the range
of 290-310 nm: and the fourth, at 2-3 M Gu . HCl, in the range of 215-290 nm.
In contrast, PBP-Cht exhibits only two conformational transitions: The
first, at ca. 0.7 M Gu.HC1, igs observed at about 350 nn; the second, at
2-3 M Gu.HCl1, i3 observed {n the whole spectral range of 215-370 nm.

The optical activity ubove 310 nm originates in the pyrens chromophore)
it thus reflects the confo mation of the catalytic site, whereas the tran-
sition at ca. 235 nm may be ascribed primarily to the polypeptide linkages
of the whole protein. 1n both conjugates conformational changes in the
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pyrene absorption region occur at Gu.RC] concentrat.ona which are much lover
than that required for total denaturation of the enzyma, which is 2-3N, ax
was alsxo establisned in control experimente with unmodified Cht. However,
reectivation studies which were performed with ¢BEP-Cht at the various Gu.CH1
concentratjons demonstrated that its ability to undexgo reactivation with
J-pyridinealdoxime methiodide () PAM) (Cohen & Erlanger, 1960) s maintained
as long as total denaturation has not been achfeved:; the catalytic activity
of unnodified Cht is similarly maintained unless total denaturation is achieved.
Thus, there appears to be no disruption of the active sites of gither the
OP-Cht conjugates or of the unmoclfied enzyme priox to full denaturation.

We may, therefore, conclude that all the conformational transitions observed
above 310 nm and at Gu-HCl concentrations below 2M result from different
orientations of the pyrena proba within the active site, rather than frem
disruption of the active site itself. It should be noted, however, that there
is 8 marked difference between the tendency of PBEP-Cht and that of PBP-Cht
to undergo orientational changes within their active sites. The non-aged
conjugate undergoes more such reorientations, the first occuring at a Gu.HCl
concentration as low as 0.3M; in contrast, the first observed orientational
change observed for the aged conjugate, PBP-Cht, occurs only at 0.7M Gu.BCl.
These results clearly support the contention that the aged form has undergone
a conformational stabilization in its active site, relative %o i‘he non-aged
form.
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PLHYSICAL PARAMETERS OF THE TRANSFORMATIONS ALD DISTRIRUTION 02
1.FORMATIONS.

SN,W‘\NAR‘, oEFT oOF ruHS\LS, Ul VERSITY ot ('QRAkHFUR’
{NOIA

Action Potentials and electronic potentials asre conductad to
the limits of the cell only, with the exception of some very specialized
structuros vhere the aacjJacent cells are not affected by potential changes
in certaim cell. The nervous system, however, is # network with strong
functional coupling of cells and in addition informeton; has to be
gransnitted from receptor cells to nerve cells, and from these to effectoys
1ike muscle or gland cells, The transmission occurs at synapses, at
morphologically highly specialized contacts between cells, In most cases
a chenical transmitter cubstance wedistes the information transfer.

The action potentiel rsaching the nerve terminal induce the
release of the conteat of synaptic vesicles into the synaptic cleft,
The vesicles contain a transmitter substance which in case of the
neuroriiscular Jjunction is acetylcholine. This transmitter diffuses
across the synaptic cleft and reacts with receptors in the postsyraptic
membrane, which cause the opening of synapiic ion channels, The
resulting ionic currents generate postsynaptic potentisls which may
Lrigper action potentials in the postsymaptic eell comnlating the

synaptic transmis-ion process,

A munber of chemical transmitters are known which act at
different synapses. The best investigated ones ares Acetylcholine,
Eplinephrine/Norepinephrine, y-aming butyric acid and glutamate.

For these substances the relemso of transmitler after stimilation wes
proven chemlcally, For the funtional role of the following transmitters
some finel evidence 1g still missings glycine, asparate, serotonine,
dopamine, nucleotides iike adsnosine and-some peptides which also

mey &ct as hormones, Allihese molecules are relatively small and some
of theas occur in the metabolism .f many cells at relatively high
concentration. These substances only cen act as transmitters at loecally

very high concentrations and by means of special supportive mechanisms.

Yery probably many more transmitters will be found in addition to the
listed ones,
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The mode of release corresponds to an electrophysiological
obeervation which is obtained in all synapses studied thoroughly.
Postsynaptic poteutials or currents are composed of small units of
guanta. To understand the mechanism of releasc of trensmitters,
synsptic current will be prop.sed to measure in different conditions.

The release cf transmitter by the presynaptic neuron is
induced by the acticn potential, It is not necessary,
however, that the neuron is excited also passive depolarization
leads to release of transmitter. At the gient synapse the presynaptic
rotential can be varied by application of current, The release of
transmitter depends very much on the ce?* concantration in the
sxtracellullar fluid., The postsynaptic potentlial increases about
propertional. to the 4th power of La” concentration. This relationship
may indicate that the release of one quantum of transnitter is
induced by the cooperative reaction of four ca?* with regulsatory
sites in the memberane. An incresse of the intracellulhr CaZ’ concentratior
directly before the release of transmittor has been alresdy measured,
We have pluoned to study the effect of other anions on the releass of
transmitters., Wo have also proposed to measure the excitatory
postsynaptic potentials ard inhibitory postsynapiic potentlials wh.ch
depolarize and hypsrpolarize the memberane respectively,
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MOLECULAR FORMS OF ACETYLCHOLINESTERASE IN
ADULT DRUSOPHILA : STRUCTURE AND HYDROPHOBIC INTERACTIONS

JP Toutant (1), M Arpagaus (2), D Foumnden (3)

{1) Physiclog<e Animale, INRA, Montpellier Cldex
{2) Phytcphanmacie, INRA, 76060 Vensailles
{3) Centne de Rechenche TNRA, 06606 Antibes Cédex

Drosophila acetylcholinesterase (AChE, EC 3117)
from crude extracts of adult heads or after purification
by affinity chromatography was studied by ultracentrifuga-
tion in sucrose gradients and by non denaturing electro-
phoresis in the presence of Triton X100, Brij 96 or
sodium deoxycholate.

The major molecular form of AChE sedimented at
6.1 $ in the presence of Triton X100, at 4.2 S in the
presence of Brij) 96 and formed fast sedimenting aggregates
ln the sbsence of detergent. Treatwments of this foru by
protegzses or phosphatidylinositol phospholipase C (PIPLC)
suppressed the intersction with detergents but the cataly-
tic activity of the lytic form remained unaffected. The
native 6.1 S form ie therefore referred to as an amphiphi-
lic enzyme.

Autolysis (storage at +4°C for several weeks)
converted the amphiphilic form into twe components (sedi-
menting at 6.5 S and 4.2 S) vhich no longer interacted
with detergente, These 6.5 S and 4.2 S forms were slvays
precent 4n minor sasunt dn randdly—cxtrarted motarisl (irn

the presence of antiproteolyric agents).

Partial disulfide bridge veduction of the amphi-
philic 6.1 S form produced a catalytically sctive compo-
nent sedimenting at 3.5 § in Triton X100, at 2.0 § in the
presence of Brij 96 and forming aggregates in the absence
of detergent.
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These results, as vell as the data from unn denatu-
ring alectrophoresis (illustratedon the poster) Jdemonstra-
te that the wmajor molecular form of Droscphila AChE is &
disulfide-linked amphiphilic dimar (G2) which can be con-
verted into a detergent interacting monomar (G1) by reduc-
tion or into hydrophilic G2 and Gl on autolysis. The
hydrophotic domain of amphiphilic G2 and G| is constituted
by & glycolipid (see also Gnagey ¢t sl., ) Biol Chem,in
press).

The figure sunmsarixzes thesze conclusions:

Q=0

‘?/molynn
PIPLC
Amphlphlllc Hydrophilic
( |>"(| ) : G
2

) : 2-MEth
2-MEth ?Biosynthesis Proteolysis

Amphiphilic

Mydrophilic
Gy ? O Gy
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MONOCLONAL ANTIBODIES TO CHICKEN ACETYLCHOLINESTERASE AND
BUTYRYLCHOLINESTERASE

Tsim, K.W.K,, Randall, W.R.* and Barnard, E.A.

MRC Molecular Neurobiology Unit
MRC Centre, University of Cambridge
Cambridge CB2 2QH, UK

*Department of Anatomy and Cell Biology
University of Miamil School of Medicine
Miami, Florida 33101, USk '

The asymmetric (20 S) acetylcholinestease (AChE) from one-day old
chick muscle wae purified on an immunoaffinity column of
immobilized antibody to chick brain AChE and used for immunization.
Eight monoclonal antihodies (mAbs) against the muscle enzyme were
isvlated and characterized. Pive antibodies (4A8, 1C1, 10B7, 7G8
and 8H1l) recognised the 110~kDa AChE catalytic subunit, one
antibody {7D11) recognised the 72-kDa butyrylchnlinesterase (BuChE)
catalytic subunit ané 2 antibodies (6B6 and 7D7) reacted with the
58~kDa collagenous tail unit. Those 3 pclypeptides can be
r2cognised in the 20 S enzyme used, which is a hybrid enzyme. Four
01 the anti-110-kDa subunit mAbs stained the AChE on immunoblots.
cucroge density gradient analysis cof the antibody enzyme complexes
showed that the 2nti-]10-hDa subunit mAb cross-links the 20 S AChE
molecules and migrates to the bottom of the tube, while there is
only a 2 - 3 S shift with the mAbs specific for the 72-kDa or the
38-kDa subunit, suggesting that these subunits are more
inaccegsible in the structure for cross-linking by one IgG
molecule. The 4A8, 10B7, 7Dl and 7D7 mAbs showed cross-reactivity
to the corresponding enzyre ftrom quail muscle; however, none of the
eight mAbs reacted with either enzyme from mammalian muscle and
Torpedo electric organ., The antibodies showed immunocytochemical
Tocalization of RChE at the neuromuscular junction of chicken and
quail. Ueing the AChE- and BuChE-specific mhbs, the amcunts of
homegenous BuChE® and hybrld AChE/BUChE asymmetric enzymes in the 21-
day old-muscle crude extracts could be compared,
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GLYCOLIPID ANCHORAGE OF A TAILED ASYMMETRIC 16§
ACETYLCHOLINESTERASE VARIANT IN RAT SUPERIOR
CERVICAL GANGLION NEYRONAL MEMBRANES.

Martine y‘erdiéreuSahuqué + Lyis Garcia, Patrick A,
Dreyfus and Francois Riegar
'l.nserrr: U. 153, Paris - France.

Present address, Dept. of Chemical Biology, Hebrew
University, Jerusalem - lsraél,

Tailed asymmetric 165 acetylcholinesterase {AChE ;
BC 31.1.7) Is present in rat superior cervical ganglion (SCG)
neurons In vivo and in vitro. Two rocls of 165 AChE can be
revealed by diiferentlal “extraction : one, classicaily, by high
salt (HS) and another one by detergent treatment. The
detergent extractible (DE} 165 AChE constitutes a significant
proportion of total 5CG neuronal 165 AChE (30 9%). Upon
preincubation in the presence of Bacillus Cereus phospholipase
C (EZ ; 3.1.4.3) DE 165 ACHhE Is quantitatively released
from a SCG meirbrane preparation suggesting that it exists a
specific pool of 165 AChE attached to the ne.ronal
mernbranes through a phospholipid ancher.

Moreover, exposure of the rmembranes to &
phosphatidyl inositol specific phospholipase C (PIPLC
monophosphatidy! inositol phosphodiesterase ; EC  2.1.4.10)
results in the release of up to one-third of the DE pool of
16S AChE. Thus, at least part of DE 165 ACaE is anrchored
to neuronal membranes through a phosphatidyl-inositol
glycolipid. Furthermore, by studying 1) SCG pretreated by an
irreversible  AChE inhibitor, methylphosphorothiolate (MPT) in
the presence of a reversible non-permeant inhibitor (BW 284
C 51 compound) in order to protect extracellular AChE and
2) primary neuronal SCG  cultures in which 165 AChE s
essentlally internal, we found that both external and internal
AChE had a pool of DE 165 AChE released by PIPLC. Thus,
a phosphatidyl inositol glycolipid can anchor both external
and internal DE 165 AChE.

sz rosults  3UEEEST e iniernal  assembly of Pl
coniaining residues with the AChE polypeptides and makes
plausible the occurrence >f differential splicing of mRNAs
originating from a single AChE gene.
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CHOLINESTERASE SYNTHESIS IN DEVELOPING HUMAN OOCYTES REVEALED BY IN SITU HYBRIDIZATION TO
FROZEN OVARIAN SECTIONS

H. Zakut®, G. Malinger®™ and H, Soreq+

*Department of Obstetrics end Cynaccclogy. The Edith Wolfson Medical Center, Hclon, The
Sackler Faculty of Medicine, Tel-Aviv University,

+Department of Biological Chemistry, Th~ Life Sciences Institute, The Hebrew University,
Jerusalem, Israel.

In sddition to their wel) known involvement in neuromuscular junctions and in brain
cholinergic synapses, cholinergic wmechanisms have been iwmplicated in the growtl and
naturation of oocytes and in ftertilizetion processes in varfous species [1]. Functional
acetylcholine receptors wers electrophysiologically demonstrated in amphibian and
mamsalian cocyte membranes [2,3] and cholinergic antagonists were shown to interfere with
fertilization [4]. The neurotransmitter acetylcholine was detected in wamnalien cperm
cells [5] and ectivity of the wucetylcholine hydrolyzing enzyme, acetylcholinesterase
(AChE) was bhiochemically measured in the exceptionally big ococytes of the frog Xenopus
leevis [6,7). However, biochemical wmethods could not reveal whether AChE was produced
within the ococytes themselves or in the surrounding follicle cells. Furthermore, this
issue is particulsrly iaportant for understanding growth and rertilization processes in
the much smaller human ootytes, in which the sensitivity of AChE biochemicel messurements
is far too low to be euployed.

To directly determ‘ne whether the human cholinesterase (ChE) genes are
trenscriptionally active in ococytes, and, if so, at what steges in their developgent, the
presence of ChEmRNA wae pursued. For this purpose frozen ovarian sections were subjected
to in__situ hybridizeation using (35S)-labeled human ChEcDNA. Highly pronounced
bybridization signals were localized within oocytes in primordiaml, pre-antral and antrsl
follicles, tut not in other ovarian cell t:pes, demonstrating that within the human ovary
ChEnRNA 1s selectively synthesized in viable occytes at different Jdevelopmental stages.
Sucrose gradient centrifugation followed by (3H)-acetylcholina hydrolysis measurements
revealed in the ovaerian extracts the presence of low levels of soluble AChE dimers,
sensitive to the specific AChE inhibitor BW2B4C51 but resistant to the BuChE inhibitor
1s0-OMPA [8). In view of the low numbers of oocytes out of total celis in the ovary, these
f‘indings str:‘“'lv suggest that AChE is a prominent protein in human oocytes throughout
their devésupaent and further zupport tha hynnthesis that cholinergic mechaniszs may be
involved in ococyte growth and naturauon and/or in spei@-egg interacticon in huzen.

Furthermore, the pronounced synthesis of ChE transcripts in oocytes suggests that the
ChE genes are particulerly good candidates for the formation and re-insegtion of
inharitable processed genes.
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CHRCHCSCMAL MAPPING OF HUMAN CHOLINESTERASE GENES BY IN SITU HYBRINIZATION

Renit Zamir®e, Liliana Sincel«, Haim Zakute and Herzona Soreq®

*Zepertaent of Biclogical Chemistry, The Life Sciences Institute, The Hebroew University,
Jeruszlem 9190W

«Departaent of Cbstetrics and Gynecology., The Edith Wolfson Medical Center, Holon,

The Sackler Faculty of Medicine, Tel Aviv University, Israel.

In order to map the structural huzan ChE genes to distinct chrcmosozal regicns,

a cloned human cDNA for cholinesterase (ChE) [1] was used a a probe for in_situ
hybridization to chromosomes. For this purpose, lymphocyte chromosore spresds were
pggpared following short-term culture, and hybridized with ChEcDNA fragzments labeled with
[°°S] by different technigies. These included direct labeling of electrophoretically
purified cDNA inserts by nick-translation, synthesis of a labeled second DNA strarnd to
this c¢DNA subcloned into the single-stranded M13 phages, in vitro transcription of such
¢DNA into labeled RNA and the use of random oligonucleotides as primers for DNA polyzerase
I synthesis. Following the hybridizatica procedure [2], chromoscme spreads were expcsed
urder photcgraphy exulsion to create silver grains in sites of hybridization and were then
R-banded to enable karyotype analysis and to localize specific silver grains on particulac
chrezosone regions. Using this analysis, the recent genetic linkage assignment of the CHE!
‘ane to the long arm of chromosome 3 (3] was confirved and further refined to 2q21-q26, in
..cse proxinity to the genes coding for transferrir ({T¥) [4] and transferrin recepror
(TREC) (5]. The CHE1 locus localizes to a 3q region that is cocmonly abterrated, a:d
releted vith abnormal wegzkaryccyte proliferation, in acute zyelcdysvplastic anosalies [6].
In view of earlier findings that ChE inhibitcrs induce megakaryocytopoiesis in culture
[7.8], this localization may indicate that ChEs are involved in regulating the
differentiation of megaksryocytes. Cummulative histograms of in situ hybridization of
ChEcCNA to chromosome No. 3 further sugzest that there might be two sites carcying ChE
seguences on the long ara of this chromosome.

A second site for ChEcDNA hybridization was found on chromoscme 16gli-g23,
demonstrating that the CHEZ locus of the cholinesterase gene, which directs the preductizn
of the coumon C5 variant of serum ChE {9). also codes for a structural subunit cf the
enzyme and Is Jocalized on the same chromosvme with the haptoglebin (HP) gene {10]. teth
genes rfound on the long arm of chrowosome 16. Further in situ hybridizaticn experizents
using huran hapuioglobin cONn (gratefully received from Drs. S. Dlivierno and G, Cartese)
revealed that these two genes are at least 1000 kb apart from esch other.The finding of
various sites for ChEcCDNA hyoridization [12] suggests that the different loci ccéing far
human ChEs zay include non-identical sequences, iesponsible for the
differences between ChE variants.
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ANTIBODIES TO CLONE-PRODUCED HUMAN CHOLINESTERASE: INTERACTICON WITH DENATURED AND NATIVE
CHOLINESTERASES AND WITH THYROGLOBULIN

Rivka Zisling+, Patrick Dreyfus+, Shloms Seflsane, Dina Zevin-Sonkin+, Hair 2akut* and
Hernona Sorege

«lepartzent of Bilolcgical Chemistry, The Life Sclences Institute, The Hebrew University,
Jerusales 91904

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

In order to study the polymorphiem of human cholinesterages (ChEs] at tha levels of
primery sequence and structure, a fraguent of human butyrylcholinesterase (BuChE)eDNA [1)
was subcloned into the pEX bacterial expression vector [2] in conjunction with the
8-galactosidasa gene. The production of fusion protein from this plasmid was indeced and
its polypeptide prcduct analyzed. Gradient gel electrophoresis followed bty immunoblot
anplysis revesled that the clone-produced BuChE peptides interact specifically with
antibodies sgainst human and Torpedo scetylcholinesterase (AChE) (graterfully received from
Drs. U. Brodbeck and P. Taylor. respectively). Rabbit polyclonal sntibodies were then
prepared against the purified clone-proZuced BuChE polypeptides end were subjected to
immuncblots with denatyred serum BuChE as well as with purified and denatured erythrocyte
AChE (gratefully received from E. Schmeil). In contrast, these antibodias interacted
differently with varicus ChEs at their natjive forms. Native BuChE tetramers {ros human
serum, but aot AChE dipers from erythrocytea, interacted with these antibodies to produce
antibody-enzyne complexes which could be precipitated by second antibodies and which
sedimented faster than the native enzyme in sucrose gradient centrifugation, Similar
analysis revealed changes in the sedimentation projertizs of both AChE and BuChE dimers
from muscle extracts, but not of any other form of muscle ChE. These findings demonstrate
that the polynorphic human ChEs share sequence homologies and suggest the existence of
considerable structural differences between various molecular forms of ChE within
rarticular tissues, as wvell as between similarly sedimenting molecular forms of ChE f:om
different tissuves,

In addition to the honologies between verious ChEs from different species, molecular
cloning studies have recently revealed impressive sequence homologies between bovine
thyroglobulin (Tg) [3)] and Torpedo [4) and human [5] ChEx, suggesting taat
hyparthyraidisw-induced autocantibodies to Tg in the serum of Crave's ophthalsopathy
patients may crosc-intarset with Ches and induce cholinersie svmutows [6). To exanine this
hypothesis, the polypeptide products of huwran ChECDNA expressed in bacteris were separated
by SDS-polyacrylamide gal electrophoresis, blotted onto nitrocellulose and incubated with
ratbit anti-Tg antibodies, ss well as with IgG fractions from the serum of 9 patients
ﬁgt‘ering from Grave's ophthalmopathy and & clinically healthy controls. Yncubation with

I-protein A end autoradiography revealed specific izzunoreaction between the rabbit
anti-Tg antibodies and human ChE-derived peptides. Antibodies to the ChE peptides were
clearl,; detected in the verun of 7 out of the 9 petients but not in the controls.
Reciprocal analyses with the rabbit antibod{es alicited egainst the human ChE-derived
peptides and against purified rat brain AChE [7] (gratefully received from J. Massoulie
and M. Vigny), revealed that both antibodies interact specifically with purified human Tg
(in collaboration with M. Ludgate and G. Vassart).
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To farther reveal whether the anti-ChE sntibodies may interact in situ with C:Es in
neuromusculsar junctions, bundles of suscle fibers were microscopically dissected from the
vegion in fetal human diaphragm which is 1nnervff§d by tha phrenic nerv:. Muscle fibera
incubated with the examined antibodies and with ."-“I-protein A were subjected to ewmulsion
autoradiogrephy, followed by cytochemicsl ChE staining. The anti-ChE abtibodies crented
patches of silver grains in the suscle endplate region stained for ChE. To this end, the
anti-cloned ChE artibodies, as well as six of che mbove described patient sera and anti-Tg
antibodies, were examined and found positive, using this technique. This was performed
under conditions where control sere do not induce the uppearance of silver grains at
endplate Tegionss. Our findings demonstrate that the sequence homology between Tg and ChE
is physiologically significant, and suggest that autoantibodies to Tg may cross react with

ChEs and be implicated 1in creating cholinergic symptoms in Grave's ophthalmopathy
patients.
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