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Multiple Affinities for Binding of Cholinergic Ligands to a

Particulate Fraction of Torpedo Electroplax
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SUMMARY

‘Fine bimmdinig of fotmr ra(lioactive cimolunergic higamnds to a I)articulate fractionm of 7�o1/)e(lo

ehectroplax � nmeasured by eqtnihibrium dialysis at. higannd conrcenmtrationms nanmginng fronm
l0� to l0� un. i\lultiphe affmnnities for time four higanmds were founrd, two each for muscaronme,
nnicotinre, amid dimetirvl-(/-tuboduranimre, and timree for decametinonmiun’n. Binding uvas re-

versibie iii every case.
rI�i t\V() agottists, nmuscanonme annd nmicotnre, eacin showed two kinds of biirdinmg, a lo�v-afl’nnity

r�pe of approximmmatehv 0.5 nmi’nohe/g, anmd a imigim-affinmity type of approximately 0.1 nnmole ‘ g.

Binm(limlg occurred to PhnospimohiPoProteimns or to a pimospiiohipid-l)roteinn complex, as jnndged
fronm semnsit ivit y t o iny(lrolases. Tire anrt agonist di met imyl -(/-t inbocurari tnt’ also si nowed two

kinds of binrdinrg. Tine how-affinrity type uvas insensitive to imydroia.ses, however, anmd timerefore

probably was to a differenmt nmacromohecule; it was ainmost 10 tinnes nmore extensive:

3.6 nrmoles /g of elect rophax. 1)ecanmnetimoniium showed three kinnds of bimmdinng, all senmsitive to

lie iivdrohases, amounmting to 0.6, 1.4, and :3.2 mrmohes /g.

it is suggested that nmuscaronre anrd nricotimme bind to two diffenennt sites, uvhmicin exhibit

binndinng properties sinmihar to time acetylcimohinme receptor, annd tinat thecanmetinonnium anmd

dinmetiiyl-d-tubocuraninme binnd to otimer distinnct sites amnd I)enhiaPS also to tine sites binndinmg

n’nuscanonne anrd tnicotine.

I NTROI)UCTION

Before attemptinmg to isolate amid cimarac-

tenize the acetylcimohimme receptor, we first
enmbanke(l onm studies to identify tine binidinng

chiaractenist ics in vitro of crnnde preparat bus

of t hmese nmacronmolecules mm a particulate

fract iomm of Torpedo elect roplax (1-4) arid a

supernmat ant fract ionn (100,000 X #{231},’,1 hrr) of

housefly brainm (5, 6), guided inn threse efforts

by time physiological behavior of time acetyl-

cinohinne receptor. Time imigim affinmit y annd

amounit of nmuscaronre bindimmg, as well as its

reversibility anrd its competitive blockade by

‘I’lnis work was smmp�)orted by United St ates

Public Health Service ( rammts NS 09144 amid ( M

07804 amid Traimmimmg Crammt ES 98.

appropniat e (Imtngs, st rommgly suggest ed t mat
time binndinmg nmmacronmolecules uvere acetyl-
chmolinme receptors.

\Vhrenn tIme study of time Torpe(lo dee-
troplax was extended to eniconmpass tire binnd-

inmg of other cimolimmergic iiganrds (at 0.1-1 p�nm),
a sinm’milar nunmmber of sites (1-2.1 nmnmoles/g of

tissue) was found to bind niuscanonne, nico-
tine, decanmetimonmium, and dimet hyh-d-tubo-
curarinme (dimetiivhcw’are) (3). Thus conu-
firmed earlier inypotimeses (7-9) proposing

thmat cirohinmergic agonmists anmd antagoniists
bind to a conmnnonn receptor site; timese imy-

potiieses mad been used to calculate dissocia-

tion conistanits for inmimibitors by tlmeir compe-
it ionn uvit in activators inn elect rophysiohogical

experimennt� (10, 11). Onn tine othmer iranmd, uve
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FIG. 1. Lineweavcr-Rurk plots of binding (B) of

cholinergic ligands to a particulate preparation of

Torpedo elect rop!a.r as a function. of concent rat ion

of ligands (14)

Ii. Niuscaromme. b. Nicotine. c. 1)imethvlcurare.

d. 1)ecamet hommiunm. Each poi mit represemits ami

average of two experimemits, three sanmples each.

B values are expressed immnmoles ler grimm �mf fresh

tisstme; 14 values, as nrolar comicemmtratiomi.
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hmave also rel)Orted discrepancies in the bind-
inmg data timat migint suggest multiple binndinmg

sites inn Torpedo electroplax. Exanmples are

time fact. that trypsirm arid chmynnotrypsin inmac-

tivated time materials that bind muscaronme,
nnicotinme, anmd decametlmonnium but. Imad little

effect. 0mmtime binmdinmg of dimetimylcurare, and
several instances in uvhich time competitive

ability of a drug (withi respect. to another)

did not correspond to its binding affinity (3).
Inmteractionn betuveenm tuvo higanids may also

occur even uvhen timey binmd at tuvo different
sites tirat regulate each other (12, 13) ; orme

would act as ann ahlosteric (functionmal) anntag-

onnist of the otimer. In fact, several reports
snnggest time presenmce of more than one site for

actionr inn tine acetylcimohinme receptor. Experi-

merits onm tine monmocellular preparation of time

eel elect.roplax sinowed tlmat decametimonmium

arid carbamylcimolinne provoked differennt
maximal responmses of time innnervated menm-

brane, and threir depolarizinng action uvas af-
fected iii differenmt uvays by reducing, oxidiz-
ing, anmd alkylatinng ageimts (14-16). Timis

suggested thmat these binding sites, uvinicin also

affected eachu otimer cooperatively, uvere topo-
graphically distinct. Agairn, evidenrce fronu
recovery of tine responnse of rat intestine to

various cimohirnergic agommists and partial ago-
mists, as well as froni time efflux of time latter,
suggested time presennce of two bindinmg sites

( 17). In anotimer study, on tine uptake of

labeled atropinne by guinea pig inntestinne anmd
its blockinmg effect on acetylchohilne stimula-

lion, t�V() sites us-itin different affinmities were
revealed (1�).

It uuas therefore rrecessary to expand tire
ranmge of higanmd conncenmt.rationn at winch bimmd-
immg by tIne particulate fractionm of Torpedo

electroplax is studied, in order to searcim for
other binndinng sites tirat migimt be presennt.

but imad previously beenn unmdetected. Tine
presenmt study was iinitiated to investigate

such a possibility anid, if more than onne uvere

discovered, to try to determine uvhether omme

or all are oni tine acetylcholine receptor mac-
romolecule. Knowledge of time cimaracteristics

of binding armd identification of tire binndinmg
sites uvitim time acetylcimohinme receptor uvould
reduce time chances mm subsequent prepara-

tive uvork of isolatinig nornspeciflc nmacronmole-

cules. After obtaining thnis receptor inn pure
form, its binmdinmg could be studied nuore ac-

curately arid inn more detail. A summary of

timese findinmgs imas formed part of a report

previously presented (19).

METHOI)S

Time hyopimihized precipitate from Torpedo

electroplax, time methods of equilibrium di-
alysis at 40 and countinmg of radioactivity, time
replicates used, tine tests for sigimiflcanrce (3),

.�

b
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/
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I

I, time testinmg of reversibility of binmding, and
the source of arid treatment uu-ithi imydrolases

3 \ (2) imave all been described previously. AlsO

.� a mentioned uvere the sources arid specific ac-

‘ \ tivities of 3H-muscarone (1), 3H-nicot.ine (6),

- 2 \ 3H-decametinonmium, and m4C-dimetlnylcurare,� (3). In time presenmt studies, Inouvever, except
S � in tine case of muscarone, uvimen time desired

� liganid concentration uvas above 0.1 �tM, its

� ‘ ‘ nmonnradioactive counnterpart uvas used to raise

-�-#{176}---,--,.-�---..- time concentration.

.1 .2 .3 4 Time parameters of Table 1 uvere measured

B by arm iterative procedure ; approximate

values of time binmdinmg constants (K) anmd time
conmcenmtratioim of bindinmg sites (B) uvere meas-

5 � ured graphically and tinern systematically

\ b varied, and time values giving time least root-
\� mean-square error, as measured by a com-

\�\ puterized nmonmhinmear regression program, uvere
3 \c�_. determined. Tinerefore, conntributions of one

-.‘--..�--.. site to K arid B values of time othner uvere

� � eliminmated.

- RESULTS

1 � 1 When uve previously studied tire bindirmg of

B chmohinergic liganmds at a rarmge of concenmtra-
tion from 0.1 to 1 I.LI�I, straight Lineweaver-
Burk plots were obtainmed (1, 3), but uvirerm

the ranmge of ligand conmcentrationm uvas cx-
C tended 100,000-fold t.imere uvere deviations

from imyperbolae in time saturation curves,
2 � and from hinmearity mm time Liumeweaver-Burk

4 plots (Fig. 1).
:� � Wimenm binmdinmg uvas plotted onn Scatcimard

plots (Fig. 2), eacim ligarmd displayed more

timann onne straigimt hinme, inndicating time pres-

-- ____________ _________ enmce of more timanm one kind of bindinmg by time

particulate fra.ctionn of Torpedo electroplax.
Computer anmalysis of tine data by arm itera-

tive procedure based onu the Scatcimard equa-

tionm (20) gave tuvo binmdinng affinnities eacim for
niuscarorme, nmicotinne, arid dimethyhcurare,

d but three for decametimonmium (Table 1). Tine 4

5

FnG. 2. Scatchard plots of binding of ligands to a
particulate preparation of Torpedo elect roplax

a. Mmuscaromie. b. Nicotimme. c. 1)imet.hylcmmrare.
(I. 1)ecanmethommium. Each poimit represemits amm

� average of two expeninmemmts, three samples each.

B values are expressed imi nammomoles � gram of

fresh tissue; 19 values, as molar commcemitration;

B B/L values multiplied by 10g.



Nlumscaromie

Nicotine

B

pm!

K1 = 0.065

K2 = 0.55

K1 = 0.2

K2 = 2.5

Error’

B1 = 0.08

112 = 0.38

B1 = 0.06

132 = 0.75

B = 0.18

112 = 3.6

21

9

17

TABLE 2

Reversibility of binding of cho!inergic ligands

- ________ (at 0.1 �‘1)

Reversed
Concentration

i.mgano
bound at 0.1 �M Ob- Calculatedi

‘erved

�nno1es/g
eleclroplcmx
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TABLE 1

Binding constants (K) and concentrations of binding sites (B) for (lifferent chohnergic ligands

Data were derived fronm iterative treatment of Scatchard plots.

Ligand K

Dimetlnvlcmmrare K1 = 0.037

K2 = 1.0

1)ecanmet.homuium K1 = 0.13
K2 = 0.59

K3 = 8.0

Thnis is time root-nneamn-square percemitage error (see ME’nnmoDs).

nmoles/g electra pier

B = 0.6
112 = 1.4

113 = 3.2 14

coincenmtrationms of binmdinng sites (B) were

rougimly similar for time two agonmists, minus-

caronme and nmicot.ine, and much smaller t.imarm
for time antagonmist dimetinylcurare and
time long-acting depolarizer decamet.imonmium.
Muscaronne simouved 3-5-fold higimer affinities

timani nicotine. It is interesting that althmouglm

there are two affinities for dimetimylcurare

and timree for decametimonmium, time value of

B2 for time former is similar to B3 for the
latter.

A cimaracteristic of time pimysiological ace-

tylchmohrme receptor is time reversibility of its

binding of agonmi.sts amid anmtagonmists. When

time reversibility of binmdinmg at 0. 1 �r uvas
tested by dialysis mm 100 volumes of liganmd-

free Ringer’s solution, time amounnt that re-

mainmed bounid at equilibrium was reduced to

almost tine same level of binding at. 0.001 �M

(Table 2). Tlmis suggested time reversibility of

biindinmg of time liganmds tested at 0.1 �M, as

uvas previously founnd at 1 j�M (3).

P If time multiple binmdinng sites presermtly re-

vealed for eachm higanmd are present on sepa-

rate macromolecules, one means of distinm-

guisiming amonng them is to study possible

diff erenmt ial senisit ivities to enmzymatic treat -

menmts. Wimeni time particulate fraction of
Torpedo electroplax uvas treated with these

imydrolases arid its binding of cholinnergic

higanmds was tested at low higand concentra-

tionms (0.01 annd 0.1 J.n�1), the binding of all

Muscaromme 0.118 91 95

Nicotimme 0.055 94 98

l)ecamrnethommitmnm 0.55 85 95

I)innethvlcimrare 0.21 91 95

a Observed percemitage reversed =

mmnmoles boimmid after redialysis in

100 ligand-freellimiger’s solution x �
mimoles boumid at 0.1 MM

Calculated percentage reversed =

nnmoles boumid at 0.001 �mi1 as calculated

100 - from Li neweaver-Burk plots �
mmmnnoles houmid at 0.1 pM

liganmds except dimetimylcurare uvas reduced

to ann extennt. similar to timat observed at
imigimer higanmd conmcenmt.rationn (1 �rM) (Table 3).
Only time imigimer-affimmity binmdinmg of dimetimyl-

curare uvas sensitive to time timree enzymes,
suggesting timat this site also is on a pimos-

pholipoproteinm; by contrast, time lower-af-
finuity site uva.s unmaffected arid timus is possibly

onu a differenmt macromolecule.



Ligand

T.�mmn.m: 3

Effect of enzyme treatment on binding of cholinergic ligands

Concentration
Iryj)sin

Reduction of l)inding

Chvmotrvpsin Phospholipase C

(#{149}. (.
C

( (, (

72

65

SOb

64

42

48”

71

78

58e

41
54

1(ic

Mmmscaromme 0.01 64

0.1 78

1.0 ti7h

Nicotine 0.01

0.1
1.0

74

87

4W

I)inmethylcmirare 0.01

0.1

1.0

50

44

(fled

47

47

12r

22

21
(5)c. 1

l)ecaniethomiiumm 0.001

0.01

0.1
1.0

71

76

81
80e

69

71
75

StY

27

21
24
25e

I

I

I

I
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o Controls showed sigmiificamit bindimmg of decamethomiium to the three emizymes, and of dimethylctmrare

to trypsimi ammd phospholipase C. Valmmes in the table were corrected accordingly.
b From O’Briemm et a!. (2).
c From Eldefrawi et a!. (3).

d Values immparemitheses are miot sigmuificamntly different frommn comitrols as jmmdged by the St udemit ‘s t-test..

To establisim uvimether the four higands
tested compete for the same imighm-affinmity
site, time binnding of 3H-muscarorme and r4Cdi
metimylcurare uvas studied alone arid inn time

presence of constant conncenntrations of time
other higanmds. To minimize contributionis to
binding by time low-affinity sites, a niarrouv
range covering a low concentration of liganmd
(from 0.001 to 0.01 jiM) uvas selected. The

simift.s to tine righmt. inn the log conncenmtrat.ion-

bindinng curves of muscaronie (Fig. 3a) and
dimet.hnylcurare (Fig. 3b) demonstrate a re-
ductionn inn binndinmg amid conrsequenmthy suggest.

that tine liganmds compete for the binidinmg

sites.

I)ISCUSSION

Time how-affinity binndirng (K2) reported inn
Table 1, based onn Scat,cimard analysis of

bindinrg over a 100,000-fold conmcermtrationm

range, is inn quite good agreemenmt uvitin our

earlier data shmouvinmg a sinmgle kind of binnding

(K), derived from Linneweaver-Burk analysis

of data mm tine 106 M rannge. For inustanuce, for
muscaronne K2 uvas 0.55 annd K uvas 0.72 �

aind for nnicotinne K2 uvas 2.5 and K was 2.5

�.LM (3).
It is clear that macronmolecules inn tine sub-

cellular electroplax preparationm of Torpedo

bind each of tine four cinolinmergic ligands
studied with more timan onne type of affimnity

(Figs. 1 arid 2 and Table 1). There are iii-

terestinmg similarities inn time bindiing of mus-
caronie anmd nnicotinme uvith regard to time rnunn-
ber arid conmcenmtrationn of timeir biinding sites
(Table 1) amid time reversibility of timeir bind-

inmg at 0.1 annd 1 �r (Table 2). Botim timeir
lower- anmd imigirer-affinmit y binding sites are

oin pimospinolipoprot einms or pimospimolipid -pro-

teinn complexes, as judged from timeir senusi-

tivity to proteinmrn.ses anid pinospimolipase C

(Table 3).
Tine lonmg-acting depolarizer decametimo-

nnium anid time antagonist dimethylcurare

presennt a differenmt picture. Timeir binndinig

does riot saturate up to 100 /.LM, conicenmtra-
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Fmo. 3. .Inlagonism among cholinergic iigan(ls for binding macromolecules in a particulate preparation

of Torpedo elect roplax

a. Bimmding of muscaromie alomme (�) amid immthe presence of 0.1 pM miicotimie (D) 0.05 pM decamethommiunm

or 0.03 �in d-t.ubocumrarimme (0). b. Bimidimig of dimet.hylcurare alomie (S) amid imm the presence of

0.1 pM miicotimme (0) or 0.05 pM decamethommiunn (s). f�, nmolar comicentration of ligamid.
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tionr-binmdinmg curves (lisplnlV plateau regionms,

arid they binnd reversibly to 10 times the

number of sites (Table 1). Tine senmsitivity of

tineir bimndimmg to tine effect of ernzyrnes (Table
3) inndicates timat tine first two binmdinmg sites

(K1 annd I\2) of decannetimonnium aind tine
hmigimer-affinmity site (Kr) of dimetimylcurare
(Table 1 ) are onm a phnospinohipoproteinr (or a

pimosphiolipid-prot cmi conmplex) . On t ire ot imer

hand, tine lower-affinity site of dimetimyl-

curare (K2) appears to be on a different

molecule. lime sum of tire binndinmg sites founnd

preseirt lv for eit imer higanid is imiginer t man

previously reported (3), uuirenm onmly a iitnited
range of conmcentrationm uvas studied; possibhy
because these two liganids binnd to otimer sites

at conncenntrationms above 1 j.z�n.
Time acetylcimolinne receptor molecule simould

satisfy several criteria in vitro before it. is
idenmtified as tine receptor. Tinese criteria are

based oni its pimysiological beimavior. It sinould
bind ci nohinmergic higannds reversibly anmd uvit in

inigim affinmities, conmparable to timose deter-

mmmcd physiologically. Timis binrdinmg sinould

also be affected by time presence of otiner
cimohinmergic higanmds. Botin sites binding mus-

caronne or nmicotinme, time tuvo hmiglmer-affinity

sites binmdinmg decametimonmium, anmd tine

imiginer-affinmity site bimmdinmg dimetimylcurare

all satisfy time above criteria equally uvell.

Annother requiremenmt is tinat tine coincen-
trationn of binmdinmg sites iii vitro simould be
comparable to timat in run; imouvever, pimysi-

ological vahues are hard to estimate. He-
cemmtly a value of about 25 rrnmoles of receptor

bindinmg sites per gram of protein uvas re-
ported for ann extract of eel eiectroplax by

Changeux et ci. (21). it was nmeasured by time

inmterferennce of t ime snake poisonm a-bunngaro-

toxin uvitim bindinmg of cinolinmergic ligands in
vito annd in vitro. Sinnce time Torpedo dee-

troplax extract presemmtly used corrtainms 9.3

mg of proteinm per granm of tissue (2), tire
concenntrationms of tire binrdinmg sites for mus-

caronne (Table 1) beconme 8.5 anrd 41 nrmoles/g

of protein, anid for nmicotinme, 6.5 anmd SO
nmmoles/g of protein. Timese are inn time same

order of magnitude as tire above data (21).

A much imigimer value of 160 nnmoles of

imexametinonmium bound per gram of electro-

plax uvas obtairmed for proteohipid extracted

from Torpedo electroplax (22).

Very recenntly Dc Hobertis et a!. (23) have
also reported multiple binding sites, inn thmis

case time existence of two binmdinmg affinities

for acetylcinoline inn a proteohpid fractionm
from Electrophorus electroplax. However,

timese binmdinrgs occurred in ann organic pinase
(metimanmol-cimloroform), anmd it. uvas inot pos-

sible to examinme reversibility or drug com-
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J)t�t it ionn. Commsequenmtly, comparisons uvit in

our data are riot possible.1

A comparmsonr of binmdinng conmstannts deter-

nmimned in vitro witim thnose calculated froni

experimmienits in viva should be made uvitim due

caution. In ViVO, measured responnses reflect
tire combined effect of affimnity for time higand

as well as its “intrinnsic activity” or ability to

depolarize. It is generally assumed timat.
agonnists arid anmtagommists bind at equal ratios

to tine same site, or, if to different sites, army

cooperative effects are neglected in time cal-
culat.ionms. Onm tine other hmanmd, direct meas-

uremermt of dissociation constarmts earn be
made inn binding studies. Therefore, affinities
of liganmds for time acetylcimolinme receptor in

vivo may differ appreciably from those in

,.‘itro, iii a nnannmer anmalogous to that dis-

played by acetylcimohinesterase of time eel

electroplax (24).
Time mult iple affinmit y causinng imonlinnearit y

iii the double-reciprocal (Fig. 1) anud

Scatcirard plots (Fig. 2) of time four ligands
may irave one or more of time follouving

explanations. Time first arid simplest possi-
bihity is tinat there exists mm this particulate

fraction of electroplax more timann one mole-
cule thiat binmds cimolinnergic ligands. The
binudinmg of dimetimyleurare may fit. this cafe-
g�i)ry mm binndinmg to at least. two different.

molecules, winich differ in tineir sensitivity to
imydrolases. Dimetimylcurare and d-tubocu-

rarimne are knouvnn to binmd to several macro-
nmnolecules fronn time eel electroplax as uvelh as

other tissues, uvit.h affinities ranging from
0.01 �i to more timan 100 �.LM (25, 26). It is
also possible timat there are two macromole-
cules, botim of wimich bimmd nicotinme amid mus-

caronne and simow acet.ylclioline receptor prop-

erties as irndicated by irigh-affimmity binding
and blockade by otimer cholinmergic liganids.
Time tuvo could bear a relationmship to eacim

ot.iner like that of isozymes.

A second possibility is tit. binndinmg may

occur at. two sites onn tine same molecule, one

1 Since this mnlamiuscril)t was stmbmit ted, it has
beemi reported Ill. Miledi, P. Molinoff amid 14. T.

Potter, Nature 229, 554 (1971)] that a soluble

mnnrnterial hi nding a-humngnnrotoximr was obt aimned
fromu Torpedo elect roplax. The comucemut rat iorm of

bimndimig sites which these aunt.hors found (1.1

mnmoles,.g of elect roplax) is extremely close to that

reported here amid imi previous work (2, 3).

I)nesenmt at a inighier conncenit rat ion t mann time
otirer, aimd uvithm rnegatively cooperative inter-

actiorms (27). A thnird alterimative is timat. tire
t.u\() kinds of binndinmg (hmiglm- aird how--affimnity)

represerrt nmonnidennt Ical binmdinrg sit es u�’it hoi�it

cooperativitv (25). This is supported by a

model for tine acetylcimolinme receptor pro-

posed by Nastuk and Gissenn (29), suggesting

timat. it. imas a polyvalermt anuionic receptor site

capable of binmdinmg several liganmd molecules.2

Several models imave been proposed for time

acetylcirolinme receptor suggesting that it

exists in tuV() conformations. l”rom studies onm

receptor desenrsitizatiomm at. time motor end

plate, Katz arid Thesleff (30) proposed a

cyclic model for the acetylchmoline receptor,

whicim uvas postulated to exist in two forms,
effective arid refractory. Time liganmd was sug-
gested to conibinme rapidly anmd reversibly

uvitim botim fornms, but uvitin different affinities.
Timis vieuv was also supported by Rang and

Hitter (31). To explain the response of time

monnocehiular electroplax to specific higands,

Cimangeux anmd Podleski (14, 15) also sug-
gested timat time acetylcimolinre receptor is ann

allosteric protein that exists inn polarizing
and depolarizing connformationns. Wimen Kar-
un (32) applied time allosteric rrnodel of

\lonod et a!. (12) to tine acetylciroline re-
ceptor of tine nmonmocehiular electroplax, lie
founmd timat treatimmg time receptor mecimanmism
according to the allosteric model imad ad-
vanntages over tine classical treatmernt of dose-

responmse relat ionsimip according to a simple

saturation model. Because most 1)roposals of

proteinn conformat ionmal cirainges assume that.

time conmformationms are inn rapid equilibrium,

onmly ann average of time affimnities of tine tuv()

sites uvould be observed under tine experi-

menmtal connditionms uve used above. Timerefore,

tine possibility is remote tinat. tine two binndinng

2 .\ote a(l(Ie(l in proof: Accordimmg to a miewly

i)r�p�sed model IN. Laikemm amid (I. Nemet try, Bio-
chemistry 10, 2101 (1971)], ‘flexible ligammds camimiot

he expected to bimmd imuaccordance wit In t Ire simmgle-
class model of t lie theory of mmmli iple eqmnlil)ria’’.

Tire miew model propost�s that fimidimigs such as

t hose described hereimu may reflect the bimidimig of

differemut ligamid comifigurat ions t o idemit ical sit es.

As these sites are stmccessively filled, subsequmemit
ligamid nmolecuies are rest ricted imi time mmunmher of

nnnumltifummct iommal at t achnmemnt s winch t hey camn fornmi,
timid SO himmd wit Ii lesser affimuit y.
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affinities iresenntly detected for botim mus-

caronne amid nmicotinme are exhibited by time

same site un tuvo conmformationns of tine niacro-

molecule.

Tine large B1 values for time low-affinity

binmdinng of deeamethnonmiummm armd dimetimyl-
curare suggest that they binmd totally or mm

part to sites otimer timan timose binmdiimg nmico-
tinre anmd muscaronne. Tins agrees with cvi-

(lenree from pimysiological studies suggestinmg

t mat decamet Imonmium on� suxanmet imonmiuni

binds to sites topograpirically distinct from

tinose binmdinmg time agonmist carbanmvlcimolinme inn
nmonnocellular electroplax (14) arid chick (31)

and leacim (33) muscles. Tine higannds still
conmpete pinysiologically ( 14) and in vitro

(Fig. 3), eitimer by arm allosteric innteractionn,

if all binmdimng sites are different, or perimaps

because onme of tine sites is common to botin.

As stressed iii tine inmtroductionm, uve have
riot. attempted purificationn in tine present.

study. %Ve have inmstead studied tine binmdiirg

cima.racteristics inn t.imis crtnde preparatiomm so

that in subsequenmt. isolationn procedures (nmow

under way) uve caim utilize time correct liganmd

amid the conmeenutration best suited to idenrtifv
receptor activity.

In comnelusiorm, time data indicate that timere

p are phospimolipoproteinns or pimosphohipid-pro-

tein complexes in the particulate fraction of

time Torpedo ehectroplax, uvimicim bind tine four
cimohinmergic ligainds reversibly arid withm mul-

tiple affinities. The similarities between tine

binmdinmg characteristics of these macromole-

cules and time physiological responnse of time

acetylcholinne receptor strongly suggest that.

timey are time same molecules. Only after iso-

lationm of these molecules inn pure form can

their idenntity with time acetylcholine receptor

be connfirmed.
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