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Summary 

Two-phase systems consisting of  water, dextran and poly(ethylene glycol) 
have been used for partition of  membranes obtained from Torpedo  rnarmorata 
electric organ. The partition behaviour of  the membranes could be adjusted by  
using a polymer  with covalently-bound charged groups. By using this method,  
the membranes were divided into several fractions which were analyzed for 
nicotinic acetylcholine receptor  and acetylcholinesterase content.  It was found 
that nicotinic receptor-enriched membranes were separated from those contain- 
ing esterase in a single partition step. Receptor-enriched membranes obtained 
by gradient centrifugation could be further separated into two receptor  frac- 
tions by the two-phase technique. The results also reveal at least two  types of 
acetylcholinesterase-rich membranes.  

Introduct ion 

Disintegration of  nervous tissue, including membranes of  the electric organ 
from Torpedo ,  gives rise to heterogeneous membrane and organelle mixtures 
which can be separated by  different kinds of  centrifugation techniques [1--6, 
26].  However,  these methods  are quite time consuming and rather unsatisfac- 
tory,  especially for large scale preparations. An alternative method is liquid- 
liquid extraction in aqueous two-phase systems which separate particles mainly 
according to the surface properties, such as charge and hydrophobic i ty ,  rather 
than size and density [ 7 ]. 

Aqueous biphasic systems, obtained by  mixing water solutions of  two differ- 
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ent  polymers (e.g. dextran and poly(ethylene glycol)) have been useful tools 
for analysis and separation of  biological macromolecules and cell particles. Cell 
particles or membranes included in such a two-phase system distribute either 
between both the phases and the liquid-liquid interface or, in some cases, are 
largely confined to one of  the phases. The partition of  a substance between the 
phases and the interface can be influenced by a number  of  factors such as 
covalent coupling of  different kinds of  ionic or specific groups to one of  the 
polymers used or  adding different salts to the system [7--13].  

In the present work, the two-phase technique has been used for studying the 
heterogeneity of  excitable membranes from Torpedo marmorata electric organ 
as well as for separation of  nicotinic-receptor- and acetylcholinesterase- 
enriched membranes,  with or wi thout  previous centrifugation on sucrose 
gradients. Closer biochemical and immunological characterizations of  the 
obtained membrane fractions will be presented in following papers. 

Experimental 

Material and methods 
Dextran T 500, batch No. 5996 (Mr = 5 • l 0  s) was supplied by Pharmacia 

Fine Chemicals (Uppsala, Sweden). Poly(ethylene glycol), with Mn 4000 was 
obtained from Union Carbide, New York, as Carbowax 4000. Poly(ethylene 
glycol)-sulfonate, was a generous gift from Dr. G. Johansson, University of  
Lund, Sweden. All other chemicals used were of  analytical grade. 

Membrane fragments were prepared from the electric organ of  T. marmorata 
obtained from the Marine Biological Station at Arcachon (France). 200 g 
electric organ (either fresh or deep frozen ( -90°C)  and thawed) were minced 
with scissors and mixed with 100 ml 10 -4 M benzethonium chloride containing 
0.02% NAN3. The mixture was homogenized with an Ultra Turrax 18-10 for 
2 × 1 min, followed by sonication with a Branson Sonifier B-30 for 3 × 10 s. 
The temperature was kept  near 0°C with crushed ice. The homogenate was then 
centrifuged at 4°C for 10 min at 5000 rev./min in a Sorvall SS-34 rotor. The 
supernatant solution was filtered through two layers of  cheesecloth and centri- 
fuged in the cold for 45 min at 80 000 × g  using an SW 27 rotor  (Beckman 
L3-50). Soluble material was removed by washing the pellet twice by homo- 
genization in 0.01 M sodium phosphate buffer (pH 7.4) containing 0.02% 
NaNa and 10-4M benzethonium chloride and recentrifugation. The final 
pellet was suspended in 50 ml buffer  and stored at 4°C. The concentration 
of  protein in the membrane suspension was about  5 mg/ml. 

Nicotinic acetylcholine receptor-enriched membranes were prepared accord- 
ing to Cohen et al. [4]. 3.5 ml membrane suspension was layered on a gradient 
consisting of  3 ml each 1.5, 1.4, 1.3, 1.2, 1.1, 1.0 and 0.8 M sucrose followed 
by  centrifugation for 6 h at 4°C and 80 000 × g. 1-ml fractions were collected 
and the receptor-enriched membranes were found in the gradient within 1.05-- 
1.40 M sucrose with a maximum at 1.25 M sucrose. The acetylcholinesterase 
activity was mainly found where the concentrat ion of  sucrose was less than 
1.0 M. The receptor-containing material, symmetrically distributed around the 
maximum between 1.30 and 1.20 M sucrose, was collected and the sucrose was 
removed by repeated high~peed centrifugation. The material obtained from 2 × 
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3.5 ml membrane suspension was finally suspended in 3 ml buffer  and stored 
at 4 ° C. 

Assays 
Protein concentrations were determined according to Lowry et al. [14].  The 

membrane content  was calculated from the absorbance at 400 nm or 280 nm 
using a Beckman spect rophotometer  and 1-cm cuvettes. A linear relationship 
exists between the amount  of  membranes and the absorbance for Alcm ~400nm ~ 
0.750 and Ai~ 2 8 0 n m  ~ 1.5 .  

Acetylcholinesterase was measured according to Ellman [15] using acetyl- 
thiocholine as substrate. The enzyme activity was followed by the increase in 
absorbance at 412 nm and 30°C using an LKB 2086 Reaction Rate Ananlyzer or 
a Unicam SP-800 B sPectrophotometer .  The enzyme activity was expressed as 
umol  acetylthiocholine hydrolysed/min per ml or as panol acetylthiocholine 
hydrolysed/min per mg protein. 

Nicotinic acetylcholine receptor  was measured by  the binding of  a-[12sI]- 
neurotoxin.  Labelling with a-[12SI]neurotoxin from Naja naja siamensis was 
done according to Hunter  [16].  

150-p_l aliquots of  samples were incubated with 25 ul 5 • 10 -7 M iodinated 
a-neurotoxin.  After  60 min, 100 ul incubation mixtures was transferred to 
membrane filters (Sartorius, SM 100, pore size 0.45 pan) and washed with 3 X 
10 ml 0.2 M NaC1. The filters were then analyzed for 12sI in a Searle Model 
1185 R gamma counter.  For  determination of  non-specific binding polymers as 
well as 0.1% bovine serum albumin were used. 

To trace the fractions obtained by  partition of  the membranes in two-phase 
systems, about  5% of the sites were labelled by  a-[12SI]neurotoxin prior to 
partitioning. The low degree of  labelling did not  have a marked effect  on the 
distribution of  the membranes.  

Two-phase systems 
The two-phase system contained 6.5% dextran and 6.5% poly(ethylene 

glycol), including substi tuted poly(ethylene glycol). Phase systems with a total 
weight o f  2.0 g were obtained by  mixing membrane suspension, water solutions 
of  20% dextran,  40% poly(ethylene glycol) and/or  a solution with a total 
amount  of  poly(ethylene glycol) being 40% but  with 10% in the form of 
poly(ethylene glycol)-sulfonate. By changing the ratio between the solution 
containing poly(e thylene glycol) and the solution containing both  poly- 
(ethylene glycol) and poly(ethylene glycol)-sulfonate a series of  systems are 
obtained with the same polymer  concentrat ions bu t  differing in the amount  of  
poly(ethylene glycol)-sulfonate. All polymer  concentrations are given in 
percent  (w/w). 

The systems were mixed by 40 inversions and then allowed to separate at 
room temperature for 5 min; they  were then mixed again and allowed to settle 
for  15 min. For  determination of  the partition between the phases and the 
interface, 100 ul from each phase was withdrawn. Each aliquot was diluted 
with 2 ml buffer  (also containing 0.02% sodium azide and 10-4M benzetho- 
nium chloride and analysed for membrane content ,  acetylcholinesterase and 
nicotinic acetylcholine receptor. The distribution is given as the amount  of  
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material in each phase and at the interface, expressed as the percentage of the 
total amount in the system. The amount of material in each phase was cal- 
culated from the concentration of assayed substance and the volume of the 
phase. The amount at the interface was obtained as the difference between the 
total amount added and the sum of amounts in the two phases. These values 
agree well with experimentally calculated amounts at the interface. (The 
material at the interface was collected in a test tube, suspended in 2 ml buffer 
and analyzed). 

Counter-current distribution: Multiple partition was carried out in a thin- 
layer counter-current distribution machine described by Albertsson [7] using 
29 or 19 transfers. Using an automatic syringe each chamber was filled with 
0.6 ml bot tom phase and 0.8 ml top phase. The sample was included in the 
system in chamber 0. The interface was kept stationary during the transfers. 
The shaking time was 30 s and the settling time was 12 min. The experiments 
were carried out at 22°C. Prior to analysis 1.4 ml buffer was added to each 
chamber to obtain homogeneous solutions. 

Sodium dodecyl sulphate (SDS)-polyacrylamide gel electrophoresis 
Gel electrophoresis was performed according to a modification of the 

method of Stephens [17]. Samples of 1 ml (diluted to a protein concentration 
of about 1 mg/ml) were mixed with sodium dodecyl sulphate and 2-mercapto- 
ethanol (final concentrations 1%). The solutions were incubated for 2 h 37°C 
and then dialyzed against 0.025 M Tris/glycine buffer (pH 8.3) containing 0.1% 
of both SDS and 2-mercaptoethanol. After dialysis, 100-gl samples were sub- 
jected to electrophoresis (3 mA/gel for 3 h) in gels containing 5% acrylamide, 
0.13% bisacrylamide and 0.1% SDS. The gels were stained with amido black. 

Results 

Partition of the membrane suspension in two-phase systems 
Extraction curves. Membranes partitioned in the poly(ethylene glycol)- 

dextran-water two-phase system were mainly found in the poly(ethylene 
glycol)-rich top phase. The distribution of the membranes between the phases 
and the interface may, however, be changed by replacing some of the poly- 
(ethylene glycol) with the negatively charged poly(ethylene glycol)-sulfonate 
[7,10,18]. The effect of poly(ethylene glycol)-sulfonate on the distribution is 
shown in Fig. 1. In a system containing no poly(ethylene glycol)-sulfonate, 
96% of the membranes were found in the top phase. With increasing amounts 
of the charged polymer in the system, the material was successively transferred 
from the top phase over the interface to the dextran-rich bottom phase. When 
10% of the poly(ethylene glycol) was replaced by poly(ethylene glycol)- 
sulfonate, 85% of the membranes were found in the bottom phase. The amount 
of material at the interface passed through a maximum. An exchange of 5% of 
the poly(ethylene glycol) for poly(ethylene glycol)-sulfonate resulted in a 
maximal amount of 63% at the interface, while the rest was found, almost in 
equal amounts, in the top and bot tom phase. 

The membranes in each phase and at the interface were analyzed for acetyl- 
cholinesterase and nicotinic receptor (Fig. 2, which represents one of  20 similar 
experiments (variation +2.5%)). The acetylcholinesterase-containingmembranes 
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Fig. 1. T he  e f f e c t  o f  p o l y ( e t h y l e n e  g l y c o l ) - s u l f o n a t e  on  the  paxt i t ion o f  m e m b r a n e s  f r o m  T. m a r m o r a t a  

e lectr ic  organ.  T he  t w o - p h a s e  s y s t e m  c o n t a i n e d  6 .5% dextran ,  6 .5% to ta l  p o l y ( e t h y l e n e  g l y c o l ) ,  3 m m o l /  
k g  s o d i u m  p h o s p h a t e  b u f f e r  ( p H  7 . 4 ) ,  0 . 0 3  m m o l ] k g  b e n z e t h o n i u m  chlor ide  and 0 . 0 0 7 %  N a N  3. The  
a m o u n t  o f  m e m b r a n e s  inc luded  in the  s y s t e m  c o r r e s p o n d e d  to  a prote in  c o n t e n t  o f  1 . 3 - - 1 . 5  g / k g .  The 
m e m b r a n e  c o n t e n t  in each  phase  and at the  in ter face  is p l o t t e d  versus the  a m o u n t  o f  p o l y ( e t h y l e n e  
g lyco l )  r ep laced  by  p o l y ( e t h y l e n e  g l y c o l ) - s u l f o n a t e .  • - ', m e m b r a n e  c o n t e n t  in the  to p  phase;  
o o, in t he  b o t t o m  phase;  , at  the  in ter face .  

(Fig. 2A) were extracted from the top phase via the interface to the bot tom 
phase in two distinct steps. This may indicate the presence of  at least two  frac- 
tions [10 ,18]  of  acetylcholinesterase~ontaining membranes, differing in their 
partition properties. In a system where 5% of  the poly(ethylene glycol) was 
present as poly(ethylene glycol)-sulfonate, approx. 90% of  the esterase mem- 
branes were concentrated at the interface, while very small amounts (less than 
1%) were found in the top phase. 

The extraction profile o f  nicotinic receptor-containing membranes (Fig. 2B) 
is quite different. A larger amount  o f  poly(ethylene glycol)-sulfonate in the 
system was needed for extraction of  the receptor-containing membranes from 
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Fig. 2. Analys i s  o f  a c e t y l c h o l i n e s t e r a s e  and n i c o t in i c  a c e t y l c h o l i n e  r e c e p t o r  in the  phases  w h e n  the  m e m -  
brane suspens ion  w as  par t i t ioned  in the  s a m e  s y s t e m  as descr ibed  in Fig. 1. e - - - - - e ,  c o n t e n t  in the  to p  
phase;  o o ,  in the  b o t t o m  phase;  , at  the  interface .  The  d is tr ibut ion  o f  ( A )  ace ty l cho l in -  
e s t erase -conta in ing  m e m b r a n e s  and (B)  n i co t in i c  receptor -conta in ing  m e m b r a n e s  is s h o w n .  
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the top phase. This means that in a system with 5 - - 6 %  of  the poly(ethylene 
glycol) replaced by its charged variant, the esterase-containing membranes were 
found at the interface (mainly) and in the bot tom phase, while more than 40% 
of  the receptor-containing membranes were still in the top phase. 

Counter-current distribution. Membrane suspensions submitted to counter- 
current distribution (Fig. 3A) showed a tendency to divide into three main 
fractions, the first two containing the acetylcholinesterase activity. Most of  the 
nicotinic receptor (65%) was found in the first 15 tubes, but the residual 35% 
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Fig. 3.  Counter -current  d i s tr ibut ion  o f  the  m e m b r a n e  suspens ion  o b t a i n e d  f r o m  T. marmorata  e lectr ic  
organ.  T he  e x p e r i m e n t  was  carried o u t  at 2 2 ° C  in a t w o - p h a s e  s y s t e m  w i t h  5.5% o f  the  p o l y ( e t h y l e n e  
g l y c o l )  rep laced  by  p o l y ( e t h y l e n e  g l y c o l ) - s u l f o n a t e .  A f t e r  29  transfers ,  the  fract ions  w e r e  d i luted  w i t h  
b u f f e r  and a n a l y z e d  for  m e m b r a n e  c o n t e n t  ( m e a s u r e d  as the  absorbance  at 4 0 0  n m )  ( e  e )  and 
a c e t y l c h o l i n e s t e r a s e ,  (o  o) .  S o m e  frac t ions  w e r e  t h e n  p o o l e d  and assayed for  n i co t in i c  r e c e p t o r  
(under  the  f igure).  T he  d i s tr ibut ion  w h e n  ( A )  the  m e m b r a n e  suspens ion  wa s  inc luded  in the  sample  sys- 
t e m  in c h a m b e r  0 and (B)  the  mater ia l  at the  in ter face  in the  sample  s y s t e m  was  r e m o v e d  b e f o r e  the  
e x p e r i m e n t  is s h o w n .  In case o f  B t w o  c h am b e r s ,  0 and 1,  w e r e  loaded .  
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was found in the small fraction (where no esterase activity was found).  When 
the material at the interface was removed from the sample system before the 
counter-current distribution (Fig. 3B) about  50% of the total material was lost. 
This loss consisted mainly of  esterase-containing membranes. Some of the 
receptor-containing membranes (25%) were also lost. The small membrane frac- 
tion, however, containing about  35% of the receptor,  was retained and this 
fraction had a high affinity for the top  phase. 

The results obtained by counter-current  distribution agreed quite well with 
the extraction profiles obtained by partitioning the membranes in two-phase 
systems containing varying amounts  of  poly(ethylene glycol)-sulfonate (Fig. 1 
and 2). 

Separation of  nicotinic receptor and acetylcholinesterase enriched membranes 
in one partition step 

It follows that there is a fraction of  membranes enriched in nicotinic 
receptor  with high affinity for the top  phase. This fraction could easily be 
separated from the acetylcholinesterase-enriched membranes,  which were 
mainly found at the interface. For separation of  these fractions, a membrane 
amount  corresponding to a protein content  of  35 mg/20 g total weight of  phase 
system was used. The polymers were removed by two high-speed centrifuga- 
tions and each of  the obtained fractions was suspended in 2.0 ml buffer. The 
results are given in Table I (with also a summary of  the purification procedure).  
The specific activity of  the nicotinic receptor,  expressed as nmol bound 
~-[ 12SI]neurotoxin per mg protein, was raised from 0.04 in the crude extract  to 
0.5 in the membrane fraction. When the membranes were parti t ioned in the 
two-phase system, the specific activity was further increased to 3.0 in the frac- 
tion obtained from the top phase. The amount  of acetylcholinesterase in this 
fraction was low. The material obtained from the interface also had a relatively 
high content  of  receptor,  bu t  the specific activity was low and the esterase con- 
tent  high. 

When nicotinic-receptor-enriched membranes were prepared according to the 
usual method,  centrifugation of  membranes on sucrose gradient, the specific 
activity of the receptor  was always found to be somewhat  lower than in the 
top-phase fraction. Furthermore,  the esterase content ,  as well as the total pro- 
tein content ,  was found to be considerably higher in the sucrose gradient frac- 
tion. 

Negative staining of  the receptor-enriched membrane fractions (2% phos- 
photungstic acid, pH 7.4) and electron microscopy showed closed membrane 
vesicles of  varying size, approx. 1000 A being an average. 

Subunit composition 
Fig. 4A shows the protein subunit  composi t ion of  the membrane fractions 

obtained from the two-phase system. It is known that  the dominating subunit  
component  in purified nicotinic receptor  from T. marmorata has an apparent 
molecular weight of  about  42 000 [19--22] and this component  was also the 
dominating one in the top-phase fraction. Only weak bands of  other  compo- 
nents were seen in this fraction, with the exception of  a band at about  30 000--  
35 000. In particular the high molecular components  (Mr > 100 000), which 
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Fig. 4. S o d i u m  d o d e c y l  su lpha te  p o l y a c r y l a m i d e  gel e l ec t rophores i s  of  d i f f e r en t  f rac t ions  o b t a i n e d  f r o m  
T. m a r m o r a t a  electr ic  organ.  A. The  m e m b r a n e  suspens ion  was p a r t i t i o n ed  in a two-phase  s y s t e m  wi th  a 
p o l y m e r  c o m p o s i t i o n  of  6 .5% d e x t r a n ,  6.1% p o l y ( e t h y l e n e  glycol)  and 0.4% p o l y ( e t h y l e n e  glycol)-  
su l fona te .  T he  ma te r i a l  in the  Phases and  at  the  in te r face  was co l lec ted  and the  p o l y m e r s  were  r e m o v e d  
b y  high speed cen t r i fuga t ions .  The  o b t a i n e d  f rac t ions  were  t r e a t ed  w i th  ~ - m e r c a p t o e t h a n o l  and SDS and 
appl ied  to  gel e lec t rophores i s .  D e t e r m i n a t i o n  of  a p p r o x i m a t e  m o l e c u l a r  we igh t s  (Mr) was  m a d e  by  c o m -  
pa r i son  wi th  gels con ta in ing  s t andards .  Subun i t  c o m p o s i t i o n  of: the  m e m b r a n e  suspens ion  (M), The  m e m -  
b ranes  o b t a i n e d  f r o m  the  top  phase  (T) ,  f r o m  the  b o t t o m  phase  (B), and  f r o m  the  in te r face  (I).  B. The  
subun i t  c o m p o s i t i o n  of  n ico t in ic  r e c e p t o r - e n r i c h e d  m e m b r a n e s  p r e p a r e d  by  t w o  d i f f e r en t  m e t h o d s ,  M, 
r e c e p t o r  en r i ched  m e m b r a n e s  o b t a i n e d  f r o m  the  top  phase  (specific ac t ic i ty  3.0 n m o l  a - n e u r o t o x i n  
b o u n d / r a g  p ro te in ) ;  S, r e spec to r - en r i ched  m e m b r a n e s  o b t a i n e d  b y  sucrose  g rad ien t  cen tx i fuga t ion  
accord ing  to C ohen  et al. [4]  (specific ac t iv i ty  1.6 n m o l  ~ - n c u r o t o x i n  b o u n d / r a g  p ro te in ) .  
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were the main ones in the interface and bottom phase fractions, were only very 
faint in the top phase fraction. 

In Fig. 4B, the top-phase fraction is also compared with nicotinic receptor- 
enriched membranes obtained by sucrose gradient centrifugation. There are 
obvious differences in the subunit composition of  receptor-rich membranes 
prepared by the two different methods. The main difference was again the 
decrease of  the high molecular components in the top phase fraction. 

Partition of  nicotinic receptor-enriched membranes in two-phase systems 
Fig. 5 shows the effect of  poly(ethylene glycol)-sulfonate on the distribution 

of  receptor-enriched membranes obtained by the two-phase technique (the 
material from the top phase) and by sucrose gradient centrifugation (the 
material collected between 1.20 and 1.30 M sucrose). 

The partition profiles of  receptor-enriched membranes obtained by the two 
different methods show clear differences. More poly(ethylene glycol)-sulfonate 
was needed for extraction of  the receptor-rich membranes obtained by the two- 
phase technique from the top phase. Furthermore, with increasing amount of  
poly(ethylene glycol)-sulfonate in the system, these membranes partitioned 
mainly between the top phase and the interface. 

With increasing amounts of poly(ethylene glycol)sulfonate in the system, the 
receptor-enriched membranes were extracted from the top phase in two steps, 
independent of  the method used for preparation. The relation between these 
steps, however, was different in the two cases and indicated that the suspen- 
sions of  receptor membranes differ in their homogeneity. This was also verified 
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Fig. 5. T he  e f f e c t  o f  p o l y ( e t h y l e n e  g l y c o l ) - s u l f o n a t e  o n  the  part i t ion  o f  n i co t in i c  receptor -enr i ched  m e m -  
branes  f r o m  T.  r n a r m o r a t a  e lectr ic  organ.  Th e  t w o - p h a s e  s y s t e m  used  wa s  the  s a m e  as descr ibed  in Fig. 1. 
The  a m o u n t  o f  m e m b r a n e s  inc luded  in the  s y s t e m  c o r r e s p o n d e d  to  a b o u t  0 .5  g p r o t e i n / k g  s y s t e m .  
• • ,  m e m b r a n e  c o n t e n t  in the  t o p  phase;  o o,  in the  b o t t o m  phase;  , at the  interface .  
A.  The  d i s tr ibut ion  o f  r e c e p tor -e n r i c h e d  m e m b r a n e s  o b t a i n e d  b y  the  t w o - p h a s e  t e c h n i q u e  ( the  to p  phase  
fract ion) .  T he  spec i f i c  ac t iv i ty  o f  n i co t in i c  r e c e p t o r  and a c e t y l c h o l i n e s t e r a s e  in this f rac t ion  wa s  3 .0  n m o l  
~ - n e u r o t o x i n  b o u n d / r a g  p r o te in  and 0 . 5  ~zmol a e e t y l t h i o e h o l i n e  h y d r o l y s e d / m i n  per  m g  prote in ,  respec-  
t ive ly .  B. T h e  d i s tr ibut ion  o f  r e c e p t o r - e n r i c h e d  m e m b r a n e s  o b t a i n e d  by  sucro se  gradient  c e n t r i f u g a t i o n  
accor d i ng  to  C o h e n  e t  ai. [ 4 ] .  Th e  spec i f i c  ac t iv i ty  o f  n i c o t in i c  r e c e p t o r  and a c e t y l c h o l i n e s t e r a s e  wa s  1 .6  
n m o l  ~ - n e u r o t o x i n  b o u n d / r a g  p r o te in  and 1 .3  ~ m o l  a c e t y l t h i o c h o l i n e  h y d r o l y s e d / m i n  per  m g  prote in ,  
re spec t ive ly .  
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Fig. 6.  C o u n t e r - c u r r e n t  d i s t r ibu t ion  of  n icot in ic  r e c e p to r - e n r i ch ed  m e m b r a n e s  ob t a ined  f r o m  the  electr ic  
o rgan  of T. marmora ta .  19 t ransfers  were  m a d e  a t  22°C using a two-phase  sys t em wi th  3% of the  po ly-  
( e t hy l ene  g lycol )  r ep laced  b y  p o l y ( e t h y l e n e  g lycol ) - su l fona te .  When  the  e x p e r i m e n t  was  c o m p l e t e d  b u f f e r  
was  added  to each c h a m b e r  and the  abso rbance  at  280  n m  was  m e a s u r e d  in each f rac t ion .  F rac t ions  0- -9  
and  10 - -19  were  t h e n  poo led  and  ana lyzed  for  n icot in ic  r e c e p t o r  an d  ace ty lcho l ines te rase .  A.  The  dis t r ibu-  
t ion  of  recep tor -eRr iched  m e m b r a n e s  ob t a ined  b y  the  two-phase  t echn ique .  The  to ta l  a m o u n t  of  n icot in ic  
r e c e p t o r  and  ace ty leho l ines te rase  used in the  e x p e r i m e n t  c o r r e s p o n d e d  to 2.1 n m o l  C~-neurotoxin b o u n d /  
m i n  and  0.3 # tool  a ce ty l t h ioc ho l i ne  h y d r o l y s e d / m i n .  B. Dis t r ibu t ion  of  r e cep to r - en r i ch ed  m e m b r a n e s  
o b t a i n e d  b y  sucrose g rad ien t  cen t r i fuga t ion .  The  to t a l  a m o u n t  of  n icot in ic  r e c e p t o r  and  ace ty lchol in-  
esterase used  in the  c o u n t e r - c u r r e n t  d i s t r ibu t ion  c o r r e s p o n d e d  to 1.1 n m o l  a - n e u r o t o x i n  b o u n d / r a i n  and 
0.9 # too l  a ce t y l t h i ocho l i ne  h y d r o l y s e d / m i n ,  respec t ive ly  

by counter-current distribution (Fig. 6). The receptor-rich membranes obtained 
by  the two-phase technique gave rise mainly to one peak in the counter-current 
distribution (Fig. 6A). One small peak can also be seen to the left of  the major 
peak. The binding of  a-[ '2SI]neurotoxin in these two peaks was 23% and 77% 
respectively, of  the total bound a-neurotoxin.  The receptor-enriched mem- 
branes obtained by  sucrose gradient centrifugation gave rise to two main peaks 
(Fig. 6B) when applied to counter-current distribution. The binding of  a-[12sI]. 
neurotoxin in these two main peaks was 44% and 56%, respectively, of  the 
total  bound toxin. 

As seen in Table I, the esterase content  in the two receptor-enriched frac- 
tions was low (0.1% and 1%, respectively, of  that  in the crude extract).  When 
the material in the counter-current distribution was analyzed for this small 
esterase content  it was found,  in both  cases, that  the ratio between receptor  
and esterase in each fraction was about  the same. 

Discussion 

In the two-phase system used here, closed membranes obtained from T. 
m a r m o r a t a  electric organ were found to have high affinity for the poly- 
(ethylene glycol)-rich top  phase when sodium phosphate buffer  was used as 
interracial-determining electrolyte.  The introduct ion of  the negatively charged 
poly(ethylene glycol)-sulfonate resulted in a compet i t ion between the charged 
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polymer  and the sodium phosphate  buffer in determining the interfacial 
potential,  successively changing this potential.  Thus, membrane particles in the 
top  phase with a negative net  charge will, in accordance with the degree of  their 
negative charge, more or less avoid the top  phase when the amount  of  poly- 
(ethylene glycol)-sulfonate in the system is increased. It was, however,  obvious 
from the results that  membrane properties other  than electric charge contr ibuted 
to the membrane partition. An example of  this was the partition of  acetyl- 
cholinesterase-containing membranes. The slope and shape of  the partition 
curves (Fig. 2A, mathematical analysis is not  ye t  published) indicated differ- 
ences in both  electrical charge and in other  surface properties. The latter were 
of  importance in the partition, as the membranes with the lower negative net 
charge were the first to be transferred from the top phase. 

The two different fractions of  acetylcholinesterase-containing membranes 
may be of  pre- and postsynaptic origin as an electric organ homogenate,  by 
necessity, contains e lect romotor  nerve-ending membranes.  Other possibilities 
are membranes originating from different regions within the same synaptic 
area, or even the presence of  inside-out membrane vesicles. 

Our results also indicate that  the bulk of  acetylcholinesterase-containing 
membranes differs in surface properties from membranes containing acetyl- 
choline receptor.  A small amount  of  acetylcholinesterase seemed, however,  to 
be firmly attached to the main receptor  membrane fraction and could be func- 
tionaily associated with it. 

The receptor-enriched membranes in the top phase had a higher specific 
s- toxin binding activity and a lower acetylcholinesterase activity than those 
obtained by the usual gradient centrifugation technique [4]. As seen from gel 
electrophoresis, the acetylcholine-binding receptor  subunit  of  42 000 daltons 
was highly enriched in this fraction, other  polypept ide bands had decreased in 
concentrat ion and those of  Mr 100 000 were very faint. 

The acetylcholine-receptor-enriched membranes obtained by either gradient 
centrifugation or two-phase partition were different. Counter-current distribu- 
tion revealed a reasonably homogeneous receptor-membrane population 
obtained by  phase-partitioning, while those from sucrose gradients seemed to 
be composed of  two receptor-containing fractions. This means that  the latter 
two  fractions are relatively homogeneous with respect to size and density, but  
not  with respect to surface characteristics. Both receptor  fractions contained 
the earlier ment ioned firmly-associated, low content  of  acetylcholinesterase 
and the ratio between receptor  and enzyme in the two fractions was about  the 
same. Thus, the two receptor~enriched fractions must  differ in some other 
aspect, such as lipid composi t ion and/or  presence of  other  proteins. It has 
earlier been reported from investigations of  the electric organ of  Electrophorus 
electricus that  nicotinic receptor  is present, in about  equal amounts,  in the 
subsynaptic and extrasynaptic areas [26] and it may be possible that  the clif- 
ferent  fractions ment ioned above originate from such areas present in Torpedo 
electric organ. 

Finally, compared to the isolation method for membranes described by 
Flanagan et al. [13] the present method  is quicker and easier to use on a large 
scale. 
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