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Reactivity to Acetylcholine Developed by Artificial 
Proteolipid from Electrophorus electricus 

W e  h a v e  p rev ious ly  r epo r t ed  on  t he  i n c o r p o r a t i o n  
in to  ar t i f ic ia l  l ipidic  m e m b r a n e s  of a special  h y d r o p h o b i c  
p r o t e i n  f r ac t ion  (i.e. proteol ip id) ,  s epa ra t ed  f rom the  
e l ec t rop lax  of Electrophorus electricus. T he  m e m b r a n e  
b e c a m e  r eac t ive  to  t he  app l i c a t i on  of ace ty lcho l ine  as 
ev idenced  b y  a t r a n s i e n t  change  in c o n d u c t a n c e  z-3 

In  th i s  r e p o r t  all e x h a u s t i v e  desc r ip t ion  is g iven  of t he  
t echn ica l  a p p r o a c h  emp loyed  as well  as t h e  n u m e r o u s  
con t ro l s  used to  rule ou t  t he  poss ib i l i ty  of a non-speci f ic  
c o n d u c t a n c e  change.  

Materials and methods. Cont ro l  m e m b r a n e s  c o n t a i n e d  
s y n t h e t i c  choles tero l  (S igma Co. 99% + )  a n d  d ipa lmi toy l -  
DL-e-lecithin (S igma Co.), b o t h  a t  10 mg/ml .  I n  some cases 
on ly  choles terol  (20 mg/ml )  was  used. E a r l y  e x p e r i m e n t s  
were car r ied  ou t  us ing  a t o t a l  phos pho l i p i d  e x t r a c t  of 
b o v i n e  ce rebra l  cor tex.  As i t  was d i f f icul t  to  avo id  a 
c e r t a i n  degree of p r o t e i n  c o n t a m i n a t i o n ,  we decided to  
use on ly  s y n t h e t i c  phosphol ip ids .  T he  m e m b r a n e - f o r m i n g  
so lu t ion  (MFS) was m a d e  in 0.5 ml  chloroform,  0.4 ml  
m e t h a n o l  a n d  0.3 ml  t e t r adecane .  L ip id  p ro teo l ip id  
m e m b r a n e s  were m a d e  us ing  t h e  same  so lu t ion  of l ipids  
i n to  wh ich  the  p ro teo l ip ids  f rom Electrophorus electricus 
were  added  to  a f ina l  c o n c e n t r a t i o n  of 20-50 ~g/ml.  
2 of t he  5 p ro teo l ip id  peaks  t h a t  are s epa ra t ed  f rom the  
t o t a l  l ip id  e x t r a c t  of t he  electr ic  o rgan  b y  c o l u m n  ch r oma-  
t o g r a p h y  4, 5 were used : p e a k  I t h a t  has  no b i n d i n g  capac i t y  
for  ace ty lcho l ine  a n d  p e a k  I I I  wh ich  b inds  chol inergic  
agen t s  4, 5. 

M e m b r a n e s  were m a d e  b y  p a i n t i n g  ti le M F S  w i t h  a 
sma l l  b r u s h  across a 1 m m  tlole in  a n  h o r i z o n t a l  t e f lon  
sep tum,  s e p a r a t i n g  2 c h a m b e r s  c o n t a i n i n g  100 m21/I NaCI 
a n d  50 m M  Tris-C1 buf fe r  (pH 7.00)~. Th i s  is a modi f ica-  
t i on  of t h e  m o s t  c o m m o n  se t -up  in w h i c h  t h e  s e p t u m  is 
ver t ica l .  M e m b r a n e s  fo rmed  ill b o t h  t ypes  of c h a m b e r s  
showed  s imi l a r  c o n d u c t a n c e  proper t ies .  However ,  some 
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Original records of membrane current as a function of time. For a 
description, see results in the text. Calibration shown in E4c is also 
valid for all A, C and E experiments. Calibration shown in F4 is also 
valid for all B, D and F experiments. In E4a and F4 the upper trace 
indicates membrane voltage (100 mV). 
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differences  be tween  h o r i z o n t a l  a n d  ve r t i ca l  m e m b r a n e s  
c a n n o t  be d i sca rded  and  will  be ana lyzed  in t he  fu ture .  
A p o t e n t i a l  d i f ference of 100 m V  was e s t ab l i shed  w i t h  a 
DC source a n d  m e a s u r e d  w i t h  a IKeithley DC V o l t m e t e r  
200 B. The  c u r r e n t  was d e t e r m i n e d  w i t h  a K e i t h l e y  150 A 
M i c r o a m m e t e r  a n d  d i sp layed  on  t h e  screen of a T e k t r o n i x  
D 11 s torage  Oscilloscope. The  d i f fe ren t  agen t s  were added  
in 50 al a l iquo ts  b y  m e a n s  of cap i l l a ry  t u b e s  (Kimax,  
Art .  No. 34.500, size 1.5-2.0 X 100 ram).  The  t ip  of t he  
t u b e  was s i t u a t e d  a t  2 m m  f rom t h e  m e m b r a n e  surface a t  
45 ~ angle,  and  d u r i n g  t he  in j ec t ion  t he  l iqu id  co lumn  fell 
b y  g rav i ty .  

Results and discussion. M e m b r a n e s  m a d e  of l ec i th in  
a n d  choles tero l  b e c a m e  b l ack  and  showed a n  e lect r ica l  
r es i s t ance  of a b o u t  106 o h m  cm 2. This  va lue  is s imi la r  to  
those  r epo r t ed  ear l ier  in  t he  l i t e r a t u r e  6. W h e n  t h e  M F S  
c o n t a i n e d  on ly  cholesterol ,  t h e  res i s tance  was cons ide rab ly  
higher ,  a b o u t  10 s o h m  c m t  

The  a d d i t i o n  of t he  pro teol ip id ,  e i the r  f rom p e a k  I or 
p e a k  I I I ,  r educed  3 to  5 t imes  t he  res i s t ance  of t h e  m e m -  
b r a n e s  c o n t a i n i n g  lec i th in  and  choles terol  ~. W h e n  t h e  
p ro teo l ip ids  were added  to  t he  M F S  c o n t a i n i n g  on ly  
cholesterol ,  t h e  r educ t i on  was a b o u t  10 t imes .  The  
m e m b r a n e s  c o n t a i n i n g  pro teo l ip ids  showed  a g ray  colour, 
t he  b l ack  a p p e a r a n c e  deve loped  b y  pa t ches  a n d  i t  t o o k  
10 to 20 m i n  to be  comple t e ly  black.  The  m e m b r a n e s  were 
also s tud ied  b y  e lec t ron  microscopy.  U n d e r  a p p r o p r i a t e  
condi t ions ,  images  of t r a n s v e r s e  sect ions  of f ixed m e m -  
b r a n e s  were o b t a i n e d  A typ i ca l  u n i t  m e m b r a n e  of a b o u t  
50 X in th i ckness  was obse rvedL  

A series of e x p e r i m e n t s  was pe r fo rmed  to  d e m o n s t r a t e  
t h a t  : 1. The  r epo r t ed  v a r i a t i o n  is i nduced  on ly  b y  ace ty l -  
choline,  and  no t  b y  t he  a d d i t i o n  of so lu t ions  h a v i n g  
s imi la r  or even  g rea te r  ionic s t r eng ths .  T h u s  t he  responses  
to  ace ty lcho l ine  chlor ide  (ACh-C1) ( 5 •  -2 M in t h e  
capi l la r  tube)  were c o m p a r e d  in each  case w i t h  t he  response  
to  10 -1 M chol ine  ch lor ide  (ChrC1) and  10 -1 M NaC1. 
2. The  response  to  ace ty lcho l ine  on ly  appea r s  w h e n  t he  
chol inerg ic  p ro teo l ip id  (peak  I I I )  is added  to t h e  MFS.  
As control ,  app l i ca t i ons  of ACh-C1, Ch-CI and  NaC1 
were done  upon  m e m b r a n e s  c o n t a i n i n g  e i the r  s y n t h e t i c  
phosphol ip ids ,  s y n t h e t i c  phospho l ip id s  p lus  a non-  
chol inerg ic  p ro t e in  (peak I) or  s y n t h e t i c  p h o s p h o l i p i d s  
p lus  t h e  chol inergic  p ro te in .  The  resu l t s  o b t a i n e d  are 
s u m m a r i z e d  in t he  F igure  in  wh ich  t he  c u r r e n t  f lowing 
t h r o u g h  t he  m e m b r a n e  is r epresen ted .  T h e  f i r s t  a r row 
ind ica t e s  t he  p o i n t  where  t he  t e s t  a g e n t  was  added.  The  
2 fol lowing arrows,  w h e n  presen t ,  i nd i ca t e  cor rec t ions  in  
t h e  v o l u m e  of one c h a m b e r  to  e l i m i n a t e  di f ferences  in  
h y d r o s t a t i c  pressure .  

M e m b r a n e  m a d e  w i t h  M F S  c o n t a i n i n g  lec i th in  and  
choles terol  (A); on ly  choles terol  (B); lec i th in ,  cholestero)  
and  p e a k  I (C); choles te ro l  a n d  p e a k  I (D); lec i th in ,  
choles tero l  a n d  p e a k  I I I  (E) ; a n d  choles te ro l  a n d  p e a k  I I I  
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(F) are  observed .  The  applied sa l t s  were 10 -1 M NaC1 (1) ; 
1 0 - 1 M  Ch-C1 (2) and  5 x 10 -3 M (4) or 1 0 - ~ M  ACh-C1 (3). 
I t  is c lear  t h a t  on ly  in t h e  case in w h i c h  ACh-C1 was 
appl ied  on  a m e m b r a n e  c o n t a i n i n g  t h e  chol inerg ic  
p ro teo l ip id  (E4a)  a t r a n s i e n t  change  in  c o n d u c t a n c e  was 
observed .  I n  E4 b severa l  responses  to  ace ty lcho l ine  in t h e  
same m e m b r a n e  were s upe r i m pos ed  in t he  screen of t he  
s torage  oscilloscope. I n  E 4 c  t h e  response  to  ACh-C1 was  
el ici ted in t he  presence  of Ch-C1 t h a t  rep laced  NaC1 in t h e  
b a t h .  I n  F4  t h e  response  to  ACh-C1 was i nduced  in 
m e m b r a n e s  con ta in ing  on ly  choles tero l  a n d  t he  chol inergic  
proteol ip id .  I n  t h i s  case t he  response  i s a  sus ta ined  one. 
I t  is i m p o r t a n t  to  r e m a r k  t h a t  m e m b r a n e s  c o n t a i n i n g  
only  choles terol  as t he  a m p h i p a t i c  molecule  (B, D, F) are 
ve ry  s t ab l e  a n d  in no  case showed  c o n d u c t a n c e  changes ,  
excep t  w h e n  ACh-C1 was added  a n d  t he  M F S  c o n t a i n e d  
t he  peak  I I I  p ro t e in  (F4). 

W h e n  lec i th in  was p r e s en t  in  t he  M F S  s tep  changes  in  
c o n d u c t a n c e  due  to  changes  in t he  h y d r o s t a t i c  p ressure  
associa ted  to  t he  d rug  app l i ca t i on  were s o m e t i m e s  observ-  
ed (C1; C2). W h e n  t h e  pressure  cond i t ions  were r e t u r n e d  
to  t he  in i t ia l  s ta te ,  t he  rise in c o n d u c t a n c e  d i sappeared .  
The  p r o b l e m  of t h e  c o n d u c t a n c e  f l uc tua t ions  i nduced  b y  
h y d r o s t a t i c  pressure  has  been  discussed elsewhereS. 

E x p e r i m e n t s  ac tua l l y  u n d e r  course  in  our  l a b o r a t o r y  
are  d i rec ted  to  uncove r  t he  molecu la r  m e c h a n i s m  under -  
ly ing  t he  effect  of ACh-C19. 

Resumen. E1 ob j e t i vo  de es te  t r a b a j o  fu6 da r  u n a  exhaus -  
t i v a  descr ipc i6n  de la  t6cnica  e m p l e a d a  p a r s  e s tud i a r  la  
r e spues t a  a la ace t i lco l ina  desa r ro l l ada  po t  m e m b r a n a s  
ar t i f ic ia les  que con t i enen  u n a  f racc i6n  p ro teo l ip ld i ca  
especial  e x t r a l d a  de la e lec t rop laca  del Electrophorus 
electricus. Se observ6  que  es ta  r e spues t a  no  se ob t i ene  
con o t ra s  I racciones  de es te  u o t to  t e j ido  ni  t a m p o c o  con  
d i f ferentes  soluciones salir~as o con c loruro de colina.  
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Switzer land 

4th International  Conference on Magnet ic  
Resonance  in Biological  S y s t e m s  

at Kandersteg, 16-21 September 197d. 

The  purpose  of t h e  conference  is to  b r ing  t o g e t h e r  
sc ient i s t s  of m a n y  discipl ines  Who are  concerned  w i t h  
t h e  app l i c a t i on  of m a g n e t i c  r e sonance  in b iochemis t ry ,  

C O N G R E S S U S  

Switzer land 

9th EUCHEM Conference on S tereochemis try  

at the Bi~rgenstock, near Luzern, 5-12 May 1974. 

The  n u m b e r  of p a r t i c i p a n t s  will  be l imi ted .  Inqu i r i e s  and  
app l i ca t ions  (no special  fo rms  are  required)  should  be  
addressed  before  J a n u a r y  15, 1974 to t h e  C h a i r m a n :  

. Prof.  J .  M. Lehn ,  I n s t i t u t  de Chimie,  Un ive r s i t6  de 
molecu la r  biology,  b iophys ics ,  pha rmaco logy ,  a n d  m e  . . . . .  ~ r  1, rue  Blaise  Pascal ,  F - 6 7 0 0  S t r a s b o u r g  
dicine.  The  p r o g r a m  will  inc lude  pape r s  p r e sen t ed  b y  (France) .  
i nv i t ed  lecturers ,  c o n t r i b u t e d  c o m m u n i c a t i o n s ,  a n  dis- 
cuss ion periods.  

Fo r  f u r t h e r  i n f o r m a t i o n  wr i te  t o :  Professor  Dr.  K. 
Wi i th r i ch ,  I n s t i t u t  fiir Molekularbio logie  u n d  Biophys ik ,  
E T H - H 6 n g g e r b e r g ,  CH - 8049  Ziir ich (Swi tzer land) .  

P R A E M I A  

The Rousse l  Pr ize  

I n  v iew of t h e  ever  growing i m p o r t a n c e  of s te ro ids  in 
t h e r a p e u t i c  medic ine ,  t h e  la te  P r e s i d e n t  J. C, Roussel ,  
c h a i r m a n  of t he  well  k n o w n  F r e n c h  p h a r m a c e u t i c a l  Com- 
pany ,  c rea ted  in 1969 a n  i n t e r n a t i o n a l  Pr ize  i n t e n d e d  to 
s t i m u l a t e  f u r t h e r  new research  in th i s  p a r t i c u l a r  area.  The  
Pr ize  is g iven  eve ry  2 years  to  a chem i s t  or a b i o c h e m i s t  
whose  work  ha s  been  chosen  as t he  be s t  b y  a n  i n t e r n a t i o n a l  
C o m m i t t e e  of o u t s t a n d i n g  sc ient i s t s  in  t he  field. 

The  n e x t  Pr ize  ($10,000) wh ich  is scheduled  for  J u n e  
1974, will  be  concerned  w i t h  t h e  work,  in  t he  field of ste- 
roids a n d  re l a t ed  compounds ,  p u b l i s h e d  before D e c e m b e r  
1973. 

The  A w a r d  C o m m i t t e e  for t h e  yea r  1974 is as follows: 
P r e s i d e n t :  Sir Derek  Ba r ton .  Member s :  Professors  K. 
Bloch,  E. Diczfalusy,  A. Eschenmose r ,  M. Getizon,  J. Jac-  
ques, G. Stork.  Sec re ta ry :  Prof .  J. Math ieu ,  Cen t re  de i re-  
cherches,  Rousse l  UclaI,  F - 9 3 2 3 0  R o m a i n v i l l e  (France) .  

Cand ida t e s  for t he  Pr ize  m a y  be  of a n y  n a t i o n a l i t y  and  
f rom a n y  l abora to ry .  T h e y  should  be  i n t r o d u c e d  b y  a per-  
son of h igh  scient i f ic  s t a n d i n g  a n d  s u p p o r t e d  b y  two  
o the r  referees. N o m i n a t i o n  should  be  s u b m i t t e d  to  t he  
P r e s i d e n t  or to  t h e  Sec re ta ry  before  M a r c h  1st, 1974. A n y  
s u p p l e m e n t a r y  i n f o r m a t i o n  m a y  be  o b t a i n e d  f rom the  
Secre tary .  


