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SUMMARY 

1. Proteolipid was extracted from the electric organ of Narke japonica by 
using chloroform/methanol (2 : 1, v/v). This extract was separated into acetylcholine- 
binding and non-binding substances by column chromatography. However, acetyl- 
choline-binding substances did not show the characteristic properties of protein. 

2. The membrane fragments of the electric organ were separated into three 
main parts by sucrose density gradient centrifugation. From the heaviest, the fractions 
were acetylcholine receptor rich, ATPase rich, and acetylcholinesterase rich. 

3. The membrane fraction having acetylcholine receptor showed the excitabi- 
lity, the increase of Na ÷ permeability by the application of cholinergic agonists. 
However, the acetylcholine binding substance extracted by the organic solvent was 
richer in the lighter fraction. This substance differed from the true acetylcholine 
receptor. 

INTRODUCTION 

De Robertis et al. [1-7] extracted a proteolipid from nerve endings by using 
chloroform/methanol (2 : 1, v/v) and examined its binding to transmitters such as 
acetylcholine in column chromatography, using Sephadex LH-20. Some peaks of the 
eluted proteolipid coincided with the radioactivity of the transmitter-when the 
proteolipid was passed through the column with the transmitter. They obtained a 
large amount of the substance, which they termed acetylcholine receptor proteolipid, 
from the electric organ of Torpedo [4] or Electrophorus [6]. This substance which will 
be referred to as acetylcholine-binding substance in the text, in order to distinguish 
from the true acetylcholine receptor, was believed to be a true acetylcholine receptor 
from the following experiments. (1) The binding of acetylcholine was completely 
inhibited in the presence of ~-bungarotoxin [8]. (2) The conformational change was 
caused by atropine [9]. (3) When this substance was incorporated into a black lipid 
membrane, a conductance change was caused by acetylcholine or its analogues [10, 
11]. 
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This isolation procedure was very simple compared with the preparation of 
the acetylcholine receptor reported by other researchers [12, 13]. In the latter case the 
substance of the electric organ was solubilized with a detergent such as Triton X-100 
or deoxycholate, and separated by affinity chromatography. Moreover, the lipid- 
soluble substance is convenient for the study of the reconstitution of membrane 
vesicles containing the receptor or incorporation into black lipid membranes, etc. 

However, in spite of the extensive study of De Robertis et al. [I-7], many 
problems have been pointed out. (1) From the sample not containing protein, the 
similar elution peak of acetylcholine was observed [14]. (2) The acetylcholine receptor 
bound with a specific ligand was not extracted with 2 : 1  chloroform/methanol 
(Sugiyama, H., private communication). (3) Even when the acetylcholinesterase was 
incorporated into black lipid membrane, the similar conductance change elicited by 
acetylcholine was observed [15]. 

Under these situations we examined the acetylcholine receptor proteolipid 
from different standpoints. (1) Does the peak of proteolipid coincide with that of 
acetylcholine by the column chromatography of Sephadex LH-20 according to De 
Robertis? What is the molecular weight and the purity of the proteolipid? (2) The 
membrane fragments of the electric organ can be separated into many fractions by 
sucrose density gradient centrifugation. What is the relationship between the acetyl- 
choline receptor content, the excitability, and the acetylcholine-binding ability of the 
extracted proteolipid? 

As the result, the acetylcholine-receptor proteolipid extracted by organic 
solvent had an acetylcholine binding ability comparable with the acetylcholine 
receptor, but was a different substance from the acetylcholine receptor essential for the 
nerve transmission. 

MATERIALS AND METHODS 

Extraction and chromatography of acetyleholine-binding substance. Extraction 
of the total lipid and the binding of acetylcholine to this material were examined 
according to the method of De Robertis et al. [4, 6]. The total lipid was extracted from 
Narkejaponiea (electric fish similar to Torpedo) by chloroform/methanol (2 : 1, v/v) 
and concentrated. Before the column chromatography, this total lipid extract was 
equilibrated for 20 rain with about 0.5 nmol of acetyl[l~C]choline (13.9 t~Ci/mg) 
solubilized in 0.01 M methanolic HCI. 

Sephadex column was prepared according to Soto et al. [2] with slight modifi- 
cation. The gel swollen with chloroform was packed in a column (25 × 45, SR-25/45 
Pharmacia Fine Chemicals, Uppsala, Sweden). The bed height was about 22 cm. 
The elution was first made with 200 ml of chloroform, followed by mixtures of 
chloroform/methanol. Fractions of about 5 ml were collected. The ethanol contained 
in chloroform as a stabilizer was removed by a distillation before use. Protein content 
of each fraction was estimated by ultraviolet absorption at 280 nm. For the deter- 
mination of the radioactivity, 0.5 ml of sample was dried in a vial tube, 5 ml of 
toluene/Triton scintillator (1420ml toluene, 500ml Triton X-100, 8 g PPO, 0.1 g 
POPOP) was added, and the counting was made in a Horiba liquid scintillation 
spectrometer. The ultraviolet absorption spectrum was measured by a Hitachi 124 
with a reference of the same solvent. 
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Separation of  membrane fragments by sucrose density gradient. Fractionation 
was made according to Cohen et al. [16]. A sucrose density gradient was formed by 
layering from bottom to top 4 ml each of 1.6, 1.2, 0.8 M sucrose. The tubes were 
centrifuged in a RPS 25-1 rotor of a Hitachi 65P ultracentrifuge for 5 h at 4 °C at 
64 000 × g. Fractions of 1.0 ml were collected. 

Measurements. Proteins were estimated by the method of Lowry et al. [17] 
using bovine serum albumin as the standard. Acetylcholinesterase activity was 
assayed with acetylthiocholine as substrate by the method of Ellman et al. [18]. 
ATPase reaction was made in 2 mM ATP, 1 mM MgC12, 5 mM KC1, 58 mM NaC1, 
0.1 mM EDTA, 0.1 mM Tris/maleate (pH 7.0) and the liberated inorganic phosphate 
was determined by the method of Taussky and Shorr [19] after stopping the reaction 
with trichloroacetic acid. 

The cholinergic receptor protein present in the membrane fragments was 
labelled by Erabutoxin b from the venom of Laticauda semifasciata iodinated and 
purified by the method of Sato and Tamiya [20] with a slight modification (1.5 Ci/ 
mol). 50/~l of toxin (175 pmol) was mixed with 3 ml of  membrane fragments and 
left standing for 1 h at room temperature. The mixture was diluted to l0 ml, and 
centrifuged at 77 000 × g for 30 min. The pellet was mixed with 20 ml of toluene/ 
Triton scintillator and the radioactivity was determined. 

Excitability of the membrane fragments was determined as described in the 
previous paper [21 ] by using Na + permeability change caused by cholinergic agonist. 
The excitability was defined as T0/T-- 1, where To and T are the half-decay time of the 
remaining 22Na+ in the absence and in the presence of 0.1 mM carbamylcholine, 
respectively. 

Electrophoresis in sodium dodecyl sulfate was carried out by the method of 
Fairbanks et al. [22]. As the indicator, Coomassie Brilliant Blue R was used. 

Determination of  acetylcholine binding to total lipid extract of  separated mem- 
brane fragments by a partition method. The binding of acetylcholine to the total lipid 
extract was measured by a partition method similar to the method described by 
Weber et al. [7]. Separated membrane fractions were lyophilized after removal of the 
sucrose. The total lipid was extracted by 5 ml of chloroform/methanol/(2 : 1, v/v) 
for 5 min at room temperature. After filtration, the residues were re-extracted with 1 ml 
of the solvent. 1 ml of distilled water was then added to the extract. After a vigorous 
shaking, the mixture was centrifuged at 1000 x g for 10 min, and the upper phase was 
discarded. Further, 1 ml of chloroform/methanol/water (3 : 47 : 48, v/v) mixture was 
added and the same treatment as above was made twice. The resultant lower phase 
was regraded as the total lipid extract. 

To each 1 ml of the total lipid extract, from 6 to 30 nmol of acetyl [t 4C]choline 
was added. After standing for 20 min, 1 ml of a chloroform/methanol/water (3 : 47 : 
48, v/v) mixture was added to the samples, followed by vigorous shaking. The samples 
were left standing for 2 h and then centrifuged at 1000 ×g for l0 rain. 0.5 ml of each 
phase was collected in a vial tube and the radioactivity was determined after drying, 
as before. 

As a control the partition coefficient of free acetylcholine was determined 
without lipid by the same procedure. The amount of bound acetylcholine to the total 
lipid extract was determined from the acetylcholine content found in the lower phase 
minus free acetylcholine content calculated by using the partition coefficient. 
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Materials. The electric fish, N. japonica, were obtained from the marine 
laboratory of the University of Tokyo at Misaki, Kanagawa. Erabutoxin b was a gift 
from Professor N. Tamiya of Tohoku University. Acetyl[1-14C]choline iodide was 
purchased from New England Nuclear, U.S.A., and Na131I solution from Com- 
missariat ~ l'Energie Atomic, France. Other reagents were of analytical grade. 

R E S U L T S  

(1) Chromatograph), of the total lipid extract by Sephadex LH-20 
In Fig. 1, a typical chromatogram of the total lipid extract was shown. On the 

distribution of protein, one peak was found at 50 ml of the elution volume, several 
peaks at 120-200 ml, and two peaks at 300-360 ml. Acetylcholine peaks corresponded 
only to the several protein peaks at 120-200 ml. This experiment was repeated many 
times, but the acetylcholine peak did not correspond to one protein peak. This result 
differed from that reported by De Robertis et al. [4, 6]. 

Fig. 2 shows the result obtained by using stabilized chloroform containing 1% 
ethanol in the process of the elution. In this case, few peaks of protein were found at 
60-80 ml to which acetylcholine peaks also corresponded. The peak position was near 
the original papers [4, 6], but another peak of protein was found at 15 : 1 chloroform/ 
methanol. 

When the sample solution was concentrated to 2 ml and passed by the column 
with the same procedure to Fig. 2, a very similar protein distribution was obtained as 
shown in Fig. 3. However, the acetylcholine was eluted after chloroform/methanol 
(15 : l, v/v). 

In order to check the protein distribution at 120-200 ml in Fig. 1, the poly- 
acrylamide gel electrophoresis in the presence of sodium dodecyl sulfate was carried 
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Fig. 1. C h r o m a t o g r a m  of  total  lipid extract  (1). 5 ml o f  sample  was loaded on Sephadex LH-20 
co lumn  and eluted by us ing  distilled chloroform.  O ,  absorbance  at 280 nm;  O ,  radioactivity o f  
acetylcholine. 
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Fig. 2. Chromatogram of total lipid extract (2). 5 ml of sample was eluted by using stabilized 
chloroform containing 1% ethanol. The symbols are the same as Fig. 1. 
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Fig. 3. Chromatogram of total lipid extract (3). 2 ml of sample was eluted by the same procedure of 
Fig. 2. The symbols are the same as Fig. 1. 
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out on this sample. Although a sufficient amount of protein had been expected to be 
present from the ultraviolet absorption at 280 nm, a protein-like band was not 
observed. Only an opaquely stained ellipsoidal part was observed near the marker. 
Accordingly, the ultraviolet absorption spectrum of this fraction was measured. Each 
fraction showed the absorption maximum at 290 nm and another peak at 250 nm. 
However, characteristic peaks of protein found at 278 nm and 240 nm were not 
observed. When the Folin method was applied [17], the sample became slightly 
colored, but the measurement was not made because of the turbidity. 

(2) Fractionation of membrane fragments by sucrose density gradient centrifugation 
After a density gradient centrifugation, membrane fragments were separated 

into three main parts. The heaviest fraction (between 1.6 and 1.2 M sucrose) was 
acetylcholine receptor rich and had slight ATPase, but no acetylcholinesterase. The 
middle fraction (between !.2 and 0.8 M sucrose) also contained acetylcholine receptor, 
and had high ATPase, but contained no acetylcholinesterase. The lightest fraction 
(lighter than 0.8 M sucrose) showed only acetylcholinesterase activity and had 
neither acetylcholine receptor nor ATPase. This pattern was very similar to that 
reported by Cohen et al. [16] in the case of Torpedo marmorata. The characteristic 
properties of these membrane fractions were summarized in Table I. 

Since there was a definite separation of membrane fragments, the protein 
distribution was examined by polyacrylamide gel electrophoresis in the presence of 
sodium dodecyl sulfate. The heaviest and the middle fractions had the similar distribu- 
tion pattern and the lightest fraction was essentially a different pattern. In all fractions 
a large peak of protein having a molecular weight of about 100 000 was seen. In the 
lightest fraction, ATPase was not observed at all, so most of this peak might be a 
structural protein rather than ATPase. In the lightest fraction, a large peak of  about 
40 000 dalton was observed. 

Excitability of these fraction was examined by using the permeability change 
for ZZNa+ caused by carbamylcholine. The result was also shown in Table I. The 
heaviest fraction had the highest excitability and the middle fraction was the same. 
But the lightest fraction did not have excitability. Namely, the excitability was only 
found in the membrane fragments containing acetylcholine receptor and separated 
from the acetylcholinesterase activity. This result was consistent with the observation 
of  the Torpedo membrane [16, 23], but different from the Electrophorus membrane [24]. 

With reference to the experiment made in the previous section, acetylcholine 
binding of the total lipid extract was examined in each fraction by using a partition 
method. By increasing the concentration of acetylcholine, the amounts of acetyl- 
choline found in the chloroform and in the water phase were determined. Lineweaver- 
Burk plot of  acetylcholine found on the chloroform phase was almost linear in this 
concentration range of acetylcholine. The amount of the sites and the dissociation 
constant for acetylcholine were determined (Table I). Dissociation constant differed 
from fraction to fraction, but the number of sites was very rich in the lightest fraction. 
This result shows that the acetylcholine-binding properties of  the lipid extract had no 
direct relation to the acetylcholine receptor content determined by the toxin binding. 
However, it was shown that the acetylcholine-binding properties found in the experi- 
ment described in the previous section was not an artifact and that the lipid extract 
had a comparable acetylcholine-binding ability to the true acetylcholine receptor. 
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DISCUSSION 

At first this experiment was initiated with the intention to confirm the experi- 
mental result of De Robertis et al. [1-7] by using the electric tissue of N. japonica. 
However, as described in Results, we could not confirm all results. As a result, acetyl- 
choline-binding substance extracted by organic solvent had a acetylcholine-binding 
ability, but differed from the true acetylcholine receptor. 

Similar experiments have been reported by Levinson and Keynes [14]. In 
that report, they concluded that the binding of acetylcholine to the lipid extract 
demonstrated by Sephadex LH-20 chromatography was an artifact due to the opera- 
tion of column. The basis of that conclusion was as follows. (1) When the chromato- 
graphy was carried out in the same condition as reported by De Robertis, the peaks 
of  proteolipid and acetylcholine were found always at the position corresponding to 
the bed volume. This was an artifact caused by the fact that too much sample was 
loaded on a column. Then, when a small volume of sample was loaded, acetylcholine 
could not be eluted in the chloroform phase. (2) From the sample not containing 
protein or acetylcholine receptor, the similar result was obtained, etc. 

Our result partially confirmed this experiment. Proteolipid and acetylcholine 
were eluted at the position of the bed volume when the chloroform containing ethanol 
was used as shown in Fig. 2. However, when the chloroform not containing ethanol 
was used, proteolipid and acetylcholine were eluted at the position corresponding 
about twice the bed volume as shown in Fig. 1. In our experiment, the peak of acetyl- 
choline was not single in any case. This was the different result from De Robertis et al. 
[4, 6]. However, this substance possessed acetylcholine-binding ability. From the 
polyacrylamide electrophoresis, and the ultraviolet absorption spectrum, this material 
did not show the characteristic properties of a protein. However, we did not make a 
further investigation on this point. 

From the experiment carried out by a chromatography the relation between 
this substance and the true acetylcholine receptor was not clear. Then the membrane 
fragment was fractionated by sucrose density gradient and the relations among 
acetylcholine receptor, the excitability, and the acetylcholine binding ability were 
examined. As shown in Table I, acetylcholine receptor estimated by toxin binding 
ability and the excitability showed a good agreement. However, acetylcholine-binding 
substance extracted by organic solvent was present in all fractions and was especially 
rich in the acetylcholinesterase-containing fraction. Moreover, in the total tissue 
almost the same concentration of acetylcholine-binding site was present. From these 
experiments, concerning acetylcholine-binding proteolipid extracted by the method 
of  De Robertis et al., the following conclusion could be made. (1) This is an acetyl- 
choline-binding substance, (2) the properties of protein are lacking, and (3) this 
substance has no direct relationship with the true acetylcholine receptor. 

As the properties of  this substance, the dissociation constant obtained in our 
experiment, 3.0. 10 -6 and 1 . 7 . 1 0 - S M  was similar to the values reported by De 
Plazas and De Robertis [8] as two types of sites, 1 • 1 0  - 7  and 1 • 10 .5 M. The 
number of sites was about 6 • 10-~ o mol/mg dry tissue. This value is about 100 times 
higher than the true acetylcholine receptor sites obtained in Table I, although the 
amount of  the true acetylcholine receptor might be underestimated. The function and 
the localization of this substance are still unknown. On the excitable membrane 
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there mus t  exist many  kinds  o f  acetylchol ine-recognizing sites in add i t ion  to  acetyl- 
cholinesterase or  acetylchol ine receptor ,  for  example ,  ace ty lchol ine-binding sites 
re la ted  to release, t ranspor t ,  s torage or  synthesis. The invest igat ion o f  such acetyl-  
chol ine-b inding  substances would  lead to  an interest ing result  [25]. 

As far  as the f rac t iona t ion  of  membrane  f ragments  is concerned,  three types of  
membrane  f ragments  having acetylcholine receptor ,  ATPase  and  acetylchol inesterase 
were separa ted  by sucrose densi ty  gradient  centr i fugat ion.  The resul t  was very similar  
to the case of  T. marmorata r epor t ed  by  Cohen  et al. [16] and  tha t  of  Torpedo cali- 
fornica r epor ted  by Dugu id  and Raf tery  [23], bu t  a much bet ter  separa t ion  of  acetyl-  
choline receptor  and  ATPase  was obta ined .  Elect rophores is  pa t t e rn  was also s imilar  
to  the case o f  T. californica [23]. In  crude membrane  homogena te ,  the contents  of  
acetylcholine receptor  and  acetylchol inesterase were abou t  1-3 and  0 ,5-2  pmol /mg,  
respectively,  and  in the f rac t iona ted  membrane  fragments ,  these values were 10-20 
and  2-10 pmol /mg,  respectively.  F r o m  these results,  the membrane  cons t ruc t ion  of  
the electric organ  o f  Narke must  be s imilar  to  tha t  of  the Torpedo. However ,  the 
content  o f  acetylcholine receptor  and  acetylcholinesterase was abou t  10 t imes smal ler  
than  the repor ted  values of  Torpedo [16]. 
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