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: 1 Introduction

The functional properies of the cholinergic recep-
tor protein from Electrophovus eleciricas can now hs
investigated at three distinet levels: the cell level, with
the electroplax preparation [1], the membrane level,

with the chemically exciiable microsacs |21, the molec-

ular level, with the recently purified receptor protein
in solution 13]. Comparison of the doseresponse
garves recerded i vivo with those measured in witro
ghowed that, ypon “reduction™ from the cell level to
‘the memhrans level, the system showed no significant
change in its pharmacological properties: clearcul agree-
ment was obiained betwesn the binding curves of cho-
finergiz ligands o the excitable mivrosacs and their
dose-Tesponse curves 1o the same lgands 2], This lagt
. finding was ruecfem]y confirmed hy Weber et al. by an
- entirely different method [4]. :
. In this letter, we present the resuh:. of bmﬂmg £X-
'-perm,ems‘perfﬂmeﬂ with the pun_ﬂf:ﬂ IREEPIOT Pro-
-~ tzin {AeCh—R) and several cholinergic gands, in the
presence and in the absence of detergenis, Under all
* the conditions tesied the affinity of the purified pro-
tein for three cholinergic agonists exceeds by abont
10-50 times that of the membrane-bound receptor,
- for the ;Sﬂm» Illgapds whereas the affinity for three

antagonisls remains 2bout the same. Sevaral m‘tamm-. -

= taimns Df ?chm phmnmenon are pmpnseﬂ

2. Materials and methods
2.1, Purification of the AcCh~R

Purification anc concentration procsduros were
basically the same a3 previocusly reported [3]. We nsed
an affimity column of 250 ml vielding 7 t0 9@ mg of
protein and 30 nanomaoles of *Hin-toxin binding
sites in sbout 3 ml of 6,01 M Tis pH 7.4, 1.OM NeCi,
1% Triton X-100{v:v) and 0.02% Na-azide {ww).

2.2, Fxchunge o f deterpent
Replacement of readily exchangeable Triton X-100

by Ma-choliie war ackieved by sueres: density pradient
centrifugatinn {31, One to 2 mg of purified receptor in

04 1o D.2 mlof 0.010M Tris pH 7.4, 0.10 M NaCl,

156 Triton X-160, 0.02% Na-azide was layered on lop
of 2 10 ml gradient consisiing in 3 to 20% (w:v) sucrowe

- 0.010 M TrispH 7.4, 0.10M NaCl, 0.5% Na-cholate

{w:¥) and 0.02% Na-azide. The sample was cemirifugesd

" at38X10° pmior 140 16 4" InaSWAI T

rotor of a Beckman {mods] L3-50 or L2-65B) ulira-
centrifuge. Fractions of 0.4 mi were collected with

- the hielp of a Biichler piezcing unil. Frotein was assay-
-ed in 0,05 nil of each fraction by the method of Low-

yetal 16] wsing bovine serum sibumin 25 the slan-

. . dard. Receptor activily was assayed in 130 of 2 10-f0ld
- diwtion of each fraction n *helper” [3) nsing our
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Fig, 1. Sedimeniation profile of the purified acetylcholine- - mmmim" 0 cennsd . g:‘laﬂms:m
recepior after affinity rhmmaiom:ph; {details in Matezials 1 0 T 30 4D

ang mmhmds, s=ct 2,2),

activity {2.5 & 0.5 pmaoles of [?HJa-toxin binding
siies per g protein were pooled (horizonta] bar)),

2.3. Removal of desergent

Unbound Na-cholate was separated from protein
by gel filiration through Sephudex G-75, The sample
(0.7 zag of protein in 2'm] of buffer) was centrifuged
as described above, except that the sucruse gradient(s)
gonlained, in addition to §,5% Na-cholate, traces of

Na-[*C]cholnte (2.7 % 16" ~pm). The coluimn {40 m) |

was equilibrated in 0,002 M sodinm phosphate buffer
pH 7.0, 0.15 M NaCl at 4° and the flow rate was 8
‘mlfhr, Fractions of 1.5 ml were collected, Absorbances

Were rmtrasumd at 280 nm. R:asdmact;mfy Was measured .

ina Immiechmqu-ﬁ ABAC SL40 liquid sciniillation

' aonmm after dilution of 0.1 mi of every fraction in -
10 ml of Bray’s ,snim:mn A typical gel ﬁl'tmi:@n pro-
i’ﬂe is Sh@Wﬂ in ng ‘

* This ma’éeﬁﬁ]ﬁnves 1) a single band by dise el electrophoresis

. in the presence of 1% cholate or 1% nmnlphngen‘, 2a smg’le

L peak with ronstant specific aennny by sucrnse gadiens ven- .
trifugation, 3) a hnmbgen vus population of par*u:]t-s of 9DA 7
- dizmeter with an =icctron demse center by negamm ;sh‘mmgh e
- The precise stoichiomeiry of toxin binding sites per massof . + I
- protein is ot yet fn‘m_\y esiabh shed beeanse of uncertainties nium binding site .amﬂ of bmrchrg aafnmty Im‘.}mnm -
- 'q;m e exact specific activity o the nmawa Q_mm and on: _' + precise estimale ‘of the concéntration of ph'annacmlng-

B -:irsal]y amwe decamm‘homum. Dasa—:resp(mse rcurves m

&he eshmﬁhon DT pm?em cancemranon

o> $ratdisn

Fig, 2. Scparation between purified AcCh—R an " »imbovnd
Na-cholate by gel filtration thuough Sephadex 575 (details

_in Materials and meihmds sxac‘i 2.3}

2.4, Eguilibrium dialysis

Equi?ihﬂﬂm dialysis experiments wete carried ont
essentially as recomumended by Gilbert and Mitller-Hill
183, with [*Hidecamethoninm as the radioactive ligand

~ in 0.0015 M Na-phosphate pH 7.0, ©.16 M NaCl, 0.005
‘M KCL 0.002 M-MgCl , 5.002 M CaCly, 0.02% Na‘azide.
‘Wher. needed, dialysis buffer contained eithér Triton

X-100{1%, v:v) or Ma-cholate (0.5%, wiv). Rontinely,
0.2 ml of the solution of purificd ':re@:::pw:r {41050
ug of protein or 30 10273 pmoles of [*H]a-tokin

- binding smes) in @ bag was dialyzed syainst 20 m] of
‘buffer in a test mbe, for 15 to 17 hr 21 47, on a rock-
Cing shaker After squmhbratmn Jradloacuwiy was mea-

swred in 5.05 mlof f both the bag content-and dialysis

 buffer, Stsce ditfusion of d-wbocurarine (dTC) through
- the membrane is pamculaﬂy slow, dTC was added, prior
B {:) ﬂaa]}vsm at: the ﬁtszrsd mrcem;ratmm bnﬂa inside ami
o fouisida the bag - ‘

-:2 5 Bm]ﬁ-ga-czz? amw;} @f [ 3}1 ]demmm‘}mmum

Ex'act ﬁeiemmzanon cof ithe :number of der,ameihm-
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P H]daraﬂekhanmm were I}ms recorded with The
 isolated lectroplax preparation by the method of

“Higman et 2l. {7] and compared 1o the dose-response,
‘cuTYEes 1o unlabeiled décamethonium from varous

origins, The phamacﬁlmgﬁalacﬁmiy of tritiated
~ decamethonium was (.65 £ 0.03) times that of un-
. labelled decamethonium, Concentrations.of [*Hide

canethontum were thus always corrected and expressed -

in terms @f biplogicolly aciive Letameﬂ“ onium moks-
zules,

2.6, Chemicel sources

Tritom X-100: Calbiochern; Na-cholate: Schuchardi;
Sephadex G-75; Pharrmacia; decamethomium bromide,
carbamylcholine chlonde, d-tabocurarine chicride and
hexamethonium bromide: X & K Labormatories; pheny)-
trimeihylanmoninm chioride: Eastman Organic Chemi

- ¢cals; gallamine tisthiodide (Maxedi): SP.ECLA,;
Na-{*Clcholate (60 Cifmole) and [*H]decamethonium
chioride {400 Cifmole): the Radiochemical Centig,
Amersham, Chemicals ware used withowt any addi-
tional porification .

3, Results

The yield of our purification precedore is high
envugh to allow a stndy of the binding of & ~lingrgic
ligands to the purified recepior protein {specific activ-

ity ranging from 3.0 1o 6.0 pmoles [*H)e-toxin bind-
ing siles per g protein) by the simple mathod of equi-
librium dialysis of Githert and Milller-Hill {8]. For in-
stance, under the sxperimental conditions given in

- Methods and in the piesence of 1777 M free deca--
methoninm, there were 2.25 1imes more counis per
Dnit volume ingids than outside the bags at squilibrium
1In addition no marked inactivation oecurred during the
experiment and no ariefaciual binding of [PHldeca. -

meihonium to glass or dialysis bags was ever noticed,

' Fig. 3. shows the binding curve of {*H}decametho-

. minm io AcCh—R a3 a function of coneentration of
“radioactive ligand. In this experimeni the neutrd
detergent Trittn X100 was present boih inside and
guiside thg_bag Treztment of the porified AfCh—R :

~with an excess of Najr nigricollis e-toxin prior 16

. dialysiscomplerély sbolishes binding of [*H}deca- .

- metnoniom. Aralysis of the birding data by doubls
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Fig, 3. Binding of |*Hidecamethoninm 1o purified AcCh-R

in the presence of 1% Triten X-180 {o——o—-0) and 1t conr
plete antagonism by o-toxin from Najs aipicolis ».emm
{o—o—a2). On the sama graph inhibition of boumnd | H]ﬁem—
methenium at a fixed concentranon {0,1 b} by increasing
amounis of gallamine {faxedil) is shown {6 —a-—2). The con-
ceniration of decamethoniem are ne! orrecied for actaal
pharmaeclogienl activity of }°H]decamethonium,

reciprocal plot indicates that, within the range of con-
centration explored {up to 1 uM decanerthoninm) and
within the limils of acceracy of our measvrements the
binding curve can be fitted By a hyperbole for, al least,
75% of the sites, Half saturation occtrred at 2,1 £ 1 X
107® M decamethonium, The number of sites for deca-
methoninm was 2.1 gmolef/g protein, 2 number which
is close enongh to that of PH]e-toxin hinding sites:
3.3 £ 0.3 umolefg protein measared by the Millipore
assay [3].

The same grapk shows that 2 known chelnsrgic
antugordst, flawedil, completely displares 1°Hidece-
meithoninm from its binding site on the porified
ArCh—R protein. Similar competition experiments
were made for a variety of cholingrgic agonisis and ani-
agonists, The relevant dissociation constants {Kq ) estic
mated from these curves on the basis of a competitive

E mim:ac‘h@n beiween nhmhnergh. figands at¢ given in the

table.
- The values obtained in mhe presence of % Triton

- X-100 do ot WJiffer from those obtained in the presance

of 0.5% Na-cholate after exchanging Triton X-100 by

 cholate as described in Methods {table 1), Removal
*of Ma-cholate by fitration on Sephadex G-75 and
- @quﬂabnum dz;ﬂysxs in the ﬂbseme of deteigent 15 nat

145
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Table 1 . : :
Comparison between 1he dissociation consiﬂms @f the reversible cDmlemm of varions rr:h@hﬂwgm 33=amﬂs anﬁ the AI:CIR R Drofein

in 5 membrame bound and purified siate.

Membrane bound AcCh—R

Purified AcCh—~R

Binding of [>Hjdeca  Protection against 12, Triten X-100 193 Na-cholate Mo free
10 TITOSACS ﬁ%l]m—tnﬂﬁm binding : : detergent
Xn {mole X i1y K‘? (mole X 1) Kp {mole ){_ﬂhﬂ}y
22{.‘ o 40 .
Apgomisis _ _ _
Desamethoniom 1.3% 10°a . 08x 16°b 2.0 % 10° 21X 167 3.3 % 10°
Catbrmyicholine 4.0% irsa 22X 105D 1.9 % 108 2.4 % 160 ~
Phenyitrimeihyl- : _
ammoninm (20 % 105e - L2 X 1§¢ 1.0x% i0® 1.2 % 10°%
An&agbmsﬂ 8 )
d-Tuborurarine 20x% 10578 L7 x 157k 3.9x% 107 3.7 x 1g7 -
Gabamine {{laxedil) 4D 1072 44 % 177D 1.3x% 107 1.2 % 77 1.3 %107
 Hexamethonom - 61%10° Db 6.2 % 10°% 5.7 % 167 -

Vaines under “membrant bound AcCh—R™ are from: 2 Kasal and Changeux 2] b Weker et al, 14} and Weber and Chingens | 30}
in © i3 piven 1he apparent dissoriation consiant for phenylirimethy! eammonivm measared by following the in rirreo response of ex-
citable microsacs by Kasal and Changevx 12, Binding of [H]decameihonium was measured direcily; that of the oiher chelingigic
Tigands by competition against |®H jdecomethonivm binding; X for 1his Iast catepory of compeunds wWas czlenlated from ibe equ-
ation K7 = {59 ¥Deea/KDeca + | Deca) where Isg §s the coneentration of ligand which reduces by half the amount of 1% Cldeca-
methoninm beund, ] Deea) the fzee concentyation of decamethonfum and K¢, its dissocintion constant.

accompanied by any dramatic change of the dissocia-
tion constants. However, after Sephadex filiration, 15
to 17% of Na-cholaie on a weight 1o weighi basis re-
-mains bound to the AcCh—R protein. Under these con-
ditions the purified recepto? protein no longer precip-
itates in the absence of detorgent except when the
“helper” fraction present in erude extracts is added,

In earlier experiments done with crude extacts [9],
the affinities found for decamethonium and cther
agonists were somewhat kewer than those measuted
with the purified ma‘t-e;m‘ai; Wz presently know that
unider the conditions formerly used {crude extracts
containing the “helper” fraction after precipitation |
of deoxycholate by MgCls , dizlysis against Ringer’s

smldh@n without detergent) a significant » reaggragaiion
of the :rewapw:x protein took place. Binding'of [>H]de-

!smﬂh@“m}m to crwde extracts was therefore re-inves-
‘ hgdmd after Snlubﬂxsahmn by Triton X-100 and with
- Triton X-100 present boih niside and ontside the bags
during dialysis. We found that half saturation of the =
-+ sites from which decamaihcmmm is d]S}ﬂ‘aBEﬂ by flhe
“retoxin pecurs at 2.5 X 16 ® M free. dﬁcamethmnmm

& vaie very close to that found wﬂh the purified pro- -
. tem T ke number of ihe dt’camﬁthomum bmdmg sﬂes -

s

is 14 smolesfg protein, a value close 1o that of [PHle-
toxin binding sites present in the same extracts: 16
nmoles/g protein. The dissociation constant for flaxe-
gil and phenyltrimethyl amznoninm measured by com-
petition against [*°C]decamethonium binding were, 1e-
spectively, 1.3 X 107 Mand L1GX 107° M.

4, Discussion

Decamethoninm, a known cholinergic agonist,
binds with a high affinity 1o the purified recepior

- protein. Decamethonhum bound to the AcCh—R is
completely displaced by N, nigricollis a-toxin and

flaxedil which both act in pivo as potent nicotinie
antagnnisis. This resnld confirms oar garlier indings

~ on mémbrane fragments [2] and crude exiracts 51
- and demonstrates the validity of cur assay fm’ the
L chuolm grgic receptor site [9].

" In the iable we compare | thue Ebmﬂmg data Dbtmnred

with the punfiaﬂ receptor protein and with membrane
| 'f:ragmems ‘The data for the membmna—bounﬁ mmpmr :
- protein come from two mﬁEpEnﬁEm serics of experi- -
. mems Ina fﬁrsi ma dneci bmdmw Df [”C]deza-
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methonium 1o membrane fragments was measured
by & simple centrifugation assay [2]. The fraction of
[* Cldecamethoniom bound to the membrane frag-
memnts and displaced by the o-toxin was considered
as specifically associated with the cholirergic recep-
tor site. In a second one, initiol rates of [° Hin-toxin
binding were measured al various concentrations of
cholinergic ligands 14, 10]. 1t was shown that the
protection curves could be taken a5 binding curves
of the cholinergic effector [4. 10]. Interestingly, the
iwo series of experiments done with membrane frag-
ments give convergent resulis but a significant differ-
enct appears between membrane-bound and purified
receptor, The affinity of the three considered agonists
{acetylcholine can be added to t™'s list) is one 10 two
orgders of magnitude larger with the purified protein
than with the membrane fragments. On the other hand
no significant difference is seen with the three ania-
gonists. The same results are obtained in "he presence
of a neuirad or negaiively charged detergent and in the
“abzence” of derergeni. Recenily, Franklin and Potter
1311 have noticed a 10-fold derrese in the affinity for
carbamylcholine upon solubilisztion of the recepior
protein from Torpedo membrane fragments. The effect
is in a direction opposite 1o the one we find but might
be relevant to the fact that Torpedo and Electropnorn:s
recepiors show quite different binding properties {10].
Several imterpretations can be proposed for the daf-
ferences of 2ffinity observed between membrane bound
and purified receptor from Flectrophorus: 1) In the
membrane fragments and with the purified protein we
follow binding fo sites carrisd by different species of
receptor proiein or iso-receptors. For instance, the af-
finity chromatography might select a fraction of mol-
ecules which present a high affinity for chelinergic
agonists ang cairy only a small propertion of the sites
measured in the membrane fragments. Relevant to this
hypothesis is the fact that the yield of our purifications
never exceeds 50% and that the receptor sites present
in the membrane fragmenis show a minor bot significant
heterpgeneity 110}, The membrene iragmenis used for
~ binding studies and for solubilisation of the receptor
proiein might contain different ravios of extrasynaptic
amd subsynapiic receplor sites although we do not
know if these two classes of receptor possess the same
binding properties. 2) The receptor protein possesses
fwo distinet classes of sites for agonists with ynatked
. differences of affinities {12]. In the binding stugics
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with the purified protein, the low affinity sizes would
remain undetected. 3) The same sites are invelved bwi
carricd by two different conformations of the receptor
protein. Solubilisatien stabilises a conformation with
high affinity for ogenisis.

Interpretations 1 and 2 are niade unlikely by the
fact that 1) solubilisation of the mombrane fragments
is N0t accompanied by a significant 1oss of [P Ble-toxin
binding sites {3}, ii) the ratio of {*HIdecamethonium
0 1°Hjo-toxin binding sites remains close 1o 1 both
in crude extracts and after purification.

The third imterpretation fits with the hypothesis
[13, 34, 17} that the cholinergic receplor protein is
a regulatory proigin, The solubilisation by detergents
would release a membrene constraint creaied by either
membrane lipids or proteins or by both and siabilise
{he molecule in an “acitive” o permeable conforma-
fion. This conformation would be the same for ail the
agonisis tested, which, incidently, would fover 2 “iwo-
states” rather than an “induced-fit” model {15). The
limited changes of affinities fu. the anlagonists would
be caused by thely non-exclusive binding (16, 17} 10
beis the *aciive™ and “resting” conformetions whilst
the agonisis would bind exclusively to the “active”
state. Release of the membrane constraint would then
hecome analogous 10 the release of the quaternary
constraint, found with regulatory enzymes under con-
ditions of “desensitization™ {18]. Experiipents are in
progress 16 test these varigus altematives.
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