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SUMMARY: Rapid efflux of 22 Na from within closed vesicles derived from 
Torpedo californica electroplax membranes has been studied as an in vitro 
assay of acetylcholine receptor functionality. The most highly pEified 
membrane preparations contained major polypeptides of M.W. 43 and 90 x lo3 
daltons in addition to the four peptides characteristic of the acetylcholine 
receptor (40, 50, 60, 65 x 103 daltons). Removal of these extra peptides by 
base extraction did not significantly alter the characteristics of carbamyl- 
choline induced 22Na efflux: the agonist dose response curve was similar, 
preequilibration with agonist caused desensitization, the irreversible 
antagonist a-Bungarotoxin blocked the efflux and the reversible blockade by 
the neurotoxin perhydrohistrionicotoxin was also retained. The dose 
response curve for perhydrohistrionicotoxin corresponded closely to its 
known binding characteristics for base extracted membranes. 

INTRODUCTION 

Characterization of synaptic transmission at the molecular level can be 

approached by study of isolated membrane preparations from Torpedo species 

highly enriched in AcChR. To date such in vitro studies have been conducted -- 

with respect to AcChR structure, composition, cholinergic ligand and neuro- 

toxin binding properties (see 1) and to a lesser extent in terms of cation 

translocation (2-4) and reconstitution of such translocation from detergent 

solubilized membranes (5, 6) or purified AcChR (7, 8). Such assay of cation 

flux through membranes has been conducted using vesicles derived from Electro- 

phorus electricus and Torpedo species electroplax and using myoblast systems 

(reviewed in 1). These studies have generally dealt with cation flux on a 

time scale (minutes) vastly different from the response time (milliseconds) 

*Contribution 16024. 
Abbreviations: AcChR, acetylcholine receptor; a-BuTx, a-Bungarotoxin; 
SDS, sodium dodecylsulfate; Carb, carbamylcholine; HTX, histrionicotoxin 
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of preparations studied by electrophysiological methods. Recently, methodology 

has been reported whereby cation flux in vesicles from Electrophorus (9) and 

Torpedo californica (4, 6) can be studied on the time scale of seconds. These 

advances are important since they lend credence to the notion that the ob- 

served flux is truly related to physiological effects since the responses in- 

volved are at least as rapid as agonist induced desensitization (4, 10). 

In continuing studies of characterization of the AcChR and its associa- 

ted ion-channel it is important to attempt to relate molecular species with 

receptor functionality. In this manuscript we describe studies of agonist 

induced cation flux in two preparations. The first is a preparation of AcChR 

enriched membranes prepared by sucrose density centrifugation (11-13): this 

preparation contains the AcChR (with constituent polypeptides of M.W. 40, 50, 

60 and 65 x lo3 daltons (14-20))in addition to two other major polypeptides 

of M.W. 43 and 90 x lo3 daltons. The 43K polypeptide has been suggested (21) 

to represent a specific “ionophore”. The second preparation is derived from 

the same AcChR enriched membranes by selective basic extraction under conditions 

of low ionic strength (22, 23) as previously described for erythrocyte mem- 

branes (24) . This procedure results in membrane preparations essentially 

devoid of polypeptides other than AcChR subunits. It is shown that the per- 

centage of vesicle entrapped 
22 Na released by carbamylcholine and the effects 

of various pharmacological agents known to affect such flux are unaltered 

upon removal of non-receptor polypeptides from the membranes, 

MATERIALS AND METHODS 

Preparation of Membrane Fragments 
Purified membranes enriched in AcChR were prepared using sucrose grad- 

ients in a Beckman VTi 50 vertical rotor (13). Membranes recovered from the 
middle band of the gradients were pooled and centrifuged for 1 hour at 30,000 
rpm in a Beckman Type 35 rotor following a two-fold dilution into 10 mM Tris- 
Cl, pH 7.4. The membranes were resuspended with a Virtis-23 homogenizer in 
the same buffer and assayed for protein concentration and [125I]a-BuTx 
binding sites (25). The specific activity of a typical membrane preparation 
was 1.0-1.25 nmol a-BuTx sites per mg protein. 

pH Treatment 
Purified AcChR membranes containing lo;15 mg of protein per ml were 

diluted ten-fold into ice-cold distilled water and the pH adjusted to the 
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desired values with 0.2 N NaOH. The membranes were stirred at 4'C for 1 
hour and then centrifuged at 18,000 rpm in a Sorvall SS-34 rotor for 1 hour. 
The pellets were resuspended in 10 mM Tris-Cl, pH 7.4. For AcChR enriched 
membranes, where removal of non-receptor proteins was not desired, the same 
treatments were followed except that the pH was kept at 7.4 throughout. 

Flux Assay 
Carb-induced 22Na efflux from the purified and alkaline pH-treated mem- 

brane vesicles was assayed by the Millipore filtration technique previously 
described for crude membrane preparations (4), except that the Dilution buffer 
was 10 mM Tris-Cl, pH 7.4. The treated membrane vesicles in 10 mM Tris-Cl, 
pH 7.4 were lo-18 uM in a-BuTx binding sites during equilibration with 22NaCl. 
In those figures for which data points were averaged, time points of 10, 20, 
30 and 40 sec. after dilution were taken. 

Gel Electrophoresis 
8.75% polyacrylamide gels (26) were run in 0.1% SDS and were stained for 

protein with 0.05% (w/v) Coomassie Brilliant Blue in 10% acetic acid, 25% 
methanol and destained in the same solution without the dye. Gel strips cut 
from slabs were scanned at 550 nm using a Gilford 240 spectrophotometer 
equipped with a linear-transport accessory. 

RESULTS AND DISCUSSION 

We have previously demonstrated that a crude membrane vesicle prepara- 

tion from Torpedo californica electroplaques catalyzes a rapid cation efflux 

upon addition of the agonist carbamylcholine (4). Purified membranes en- 

riched in acetylcholine receptor can be obtained from high density regions of 

sucrose density gradients (11-13) and as shown by the following results, these 

purified membrane preparations retain and release 22 Na with the expected 

pharmacology of cholinergic vesicles. Osmotic shock with concomitant re- 

sealing leads to recovery of substantial interior volume in these vesicles 

(to be published). 

Recently, the alkaline pH treatment originally used for selective ex- 

traction of erythrocyte membranes (24) has been applied to purified Torpedo 

membranes (22, 13, 23). Treatment at pH 11 removed nearly all of the 43K 

dalton polypeptide and many minor polypeptides from the membranes and pro- 

duced a preparation greatly enriched in the four AcChR subunits (Figure 1). 

Treatment at lower pH values was less effective in removing these components. 

Most of the polypeptides of M.W. 90 x lo3 daltons and M.W. less than 40 x lo3 

daltons (see Figure 1) occur in a particulate fraction that sediments on top 
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FIGURE 1: Densitometer scans of Coomassie Brilliant Blue-stained SDS 
gels of membranes before (A) and after (B) treatment at pH 11. 
(C) is a scan of a gel of the polypeptides recovered in the 
supernatant. 

FI GURE 2: Effect of pH treatment on apparent vesicle volume. Equal ali- 
quots of membranes were treated at the indicated pH values 
and loaded with 22NaCl at pH 7.4. Counts retained in vesicles 
were determined from the average of 4 data points from the 
Millipore flux assay. (see Methods) following dilution into 10 
mM Tris-Cl pH 7.4 ? 100 uM Carbamylcholine. 

of the dense membrane pellet following treatment at pH 11. This lighter 

particulate fraction can be discarded. 

Following prolonged incubation with 22 Na at 4'C alkaline pH treated mem- 

branes retained the isotope when the external 22 Na was removed by the Mil- 

lipore assay method (4). The apparent total vesicular volume (retained "Na) 

decreased as the pH value of the treatment was raised (Figure 2). All of 
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the treated membrane fractions responded to the agonist Carb by rapidly re- 

leasing entrapped 22 Na and the percentage of retained counts released remained 

relatively constant (or increased in some preparations) as the pH of the 

treatment was raised. Thus the removal of the 43K polypeptide and additional 

major and minor components by pH 11 treatment does not hinder agonist induced 

cation efflux. A similar preparation from Torpedo nobiliana has recently 

SECOW AFTER MIXNG 
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TIME (SEC) 

FIGURE 3: Carb induced 22Na+ efflux from membrane vesicles treated at 
pH 11. 
(A) Isotonic dilution into buffer (10 mM Tris-Cl, pH 7.4) con- 
taining 100 uM (0 ) or 0 uM (0) Carb. 
(B) Effect of WBUTX on carb-induced 22Na+ efflux. Membranes 
were incubated with a 1.5 fold excess of a-BuTx at O°C for 30 
minutes before isotonic dilution into buffer containing 100 uM 
(0) or 0 nM (0) Carb. 

1 
C) Effect of agonist induced desensitization on Carb induced 
2Na+ efflux. Membranes were preincubated with 100 @I Carb 

at O'C for 30 minutes before a 20-fold isotonic dilution into 
buffer containing 100 uM ( m) or 0 PM ( 0) Carb. Control ex- 
periments with membranes not preincubated with Carb are also 
indicated (dilution into buffer containing 100 uM ( 0) or 
0 uM (0) Carb). 
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been described (22) that contained significant amounts of three of the AcChR 

subunits in addition to some peptides of lower M.W. Carb induced flux, blocked 

by cc-BuTx, was described for this preparation. 

Sodium efflux from pH 11 treated membranes exhibited the expected 

pharmacology for a nicotinic cholinergic receptor preparation, as also demon- 

strated for unfractionated, untreated membranes (4). The data in Figure 3 

demonstrates that the Carb induced Na+ efflux from pH 11 treated membranes is 

completely blocked by c+BuTx and is also eliminated by prior desensitization 

of the AcChR by Carb. The rate constant for [ 125 I] a-BuTx binding is not al- 

tered by treatment with base (23). In addition, pH 11 treated membranes bind 

the toxin, HTX, with similar affinity, kinetics and stoichiometry to that of 

untreated membranes (23). The treated membranes also exhibit a dose dependent 

blockage of sodium efflux by HTX (Figure 4). After correcting for depletion 

due to bound HTX the midpoint for this effect (2 uM) is very close to the dis- 

sociation constant (1.4 PM) obtained from direct binding studies (23). 

Figure 5 shows the Carb induced dose;response curves for 22Na efflux from 

both pH 11 treated and pH 7.4 "treated" membranes. In both cases a similar 

dose response curve was obtained. The responses exhibited midpoints of ap- 

FI :GURE 4: Hl2-HTX inhibition of 22Na+ efflux from pH 11-treated membrane 
vesicles. Membranes were incubated with various concentrations 
of Hl2-HTX on ice for 30 minutes before isotonic dilution into 
buffers containing 100 uM Carb and the same Hl2-HTX concentra- 
tions as the incubation medium. The percent blockage of 22Na 
efflux was plotted against the logarithm of the concentration 
of added Hl2-HTX. The response was determined from the average 
of 4 data points from the Millipore flux assay. 
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FIGURE 5: Plot of Carb dose response of 22Na efflux from pH 7.4 (A) and 
pH 11 (B) treated membrane vesicles. Membranes were diluted 
into isotonic buffer containing various concentrations of Carb. 
The response, determined from the average of the 4 time points 
from the Millipore assay, was plotted against the concentration 
of added Carb in the solution. 

proximately 1.5 uM with some apparent positive cooperativity. Previously a 

midpoint corresponding to a Carb concentration approximately 10 times larger 

was observed for 22Na efflux from crude membranes (4). This difference can 

be ascribed to the differing salt concentrations in the various samples. Crude 

membranes (4) were assayed in 0.4 M NaCl while the pH 7.4 and 11 treated mem- 

branes in the present study were assayed in 10 mM Tris-Cl. Agonist binding 

to AcChR enriched membranes is inhibited by NaCl with an inhibition constant 

of 38 mM (27). The observed midpoint shift of the Carb induced response can 

be adequately explained by this inhibition of agonist binding. 

Thus, the data presented in this communication demonstrate that removal 

of essentially all of the polypeptides other than those known to be part of 

the AcChR (from receptor purification studies (14-20)) does not greatly alter 
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the functional properties of the system as defined by various in vitro assays: -- 

(i) the kinetics of ['*' I] o-BuTx binding remain the same (23), (ii) Carb in- 

duced cation flux is preserved with no alteration in its dose response 

characteristics and this effect is blocked by a-BuTx, (iii) pretreatment of 

the membranes with the agonist Carb abolishes cation flux in a manner remi- 

niscent of desensitization and (iv) the neurotoxin HTX also inhibits Carb 

induced cation efflux with a dose response curve that agrees well with studies 

of [>H]-HTX binding (23) to the same type of membrane preparation. Therefore, 

not only does HTX associate with the AcChR but this association is responsible 

for blockage of cation efflux induced by a cholinergic agonist. 
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