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Enkephalin is found in neurons  in d i f ferent  p a r t s  of the nervous  s y s t e m  but i ts  concentra t ion is p a r t i c -  
u lar ly  high in ne rve  endings [8]. Ca lc ium ions have been shown to cause  s ec re t i on  of enkephalins [3]. 

The d iscovery  of a highly effective and specif ic  enzyme inactivating enkephalin [6] lay the foundations for  
advancement  of the hypothesis  of the med ia to r  role  of enkephalin in the CNS, exer t ing its e f fec t  through opiate 
r e c e p t o r s  which, according to exist ing informat ion,  a re  composed  of acid lipids and c e r e b r o s i d e s  [5]. 

It was the re fo re  of g r ea t  in te res t  to study the ef fec t  of enkephalin on different  components  of cell  m e m -  
b ranes .  In the invest igat ion desc r ibed  below the effect  of enkephalin was studied on model m e m b r a n e s  c o m -  
posed of ovolecithin and bra in  ce r eb ros ide .  

E X P E R I M E N T A L  M E T H O D  

Bi layer  leci thin m e m b r a n e s  were  fo rm ed  by Mue l l e r ' s  method [7] and model m e m b r a n e s  f r o m  c e r e b r o -  
s ides by the method desc r ibed  prev ious ly  [9]. The e l ec t r i ca l  m e a s u r e m e n t s  were  undertal~en by means  of a 
h igh-ohmic  "Vibron" e l e c t r o m e t e r ,  using a pa i r  of Ag-AgC1 e lec t rodes  [1] in 0.1 M solutions of KC1 and CaC12 
at 26~ To de te rmine  the conductance of the model  m e m b r a n e s  at different  ionic s t r eng ths ,  0.1, 0.05, 0.01, 
and 0.001 M solutions of KC1 and CaC12 were  used.  All points used to plot g raphs  r e p r e s e n t e d  mean  values of 
at leas t  s ix m e a s u r e m e n t s  on 2 or  3 different  f i lms .  The invest igat ions were  c a r r i e d  out with enkephalin in a 
concentra t ion of 10 -5 to 10 -8 M. The ovolecithin used in the work  was pur i f ied  beforehand by t h in - l aye r  c h r o -  
matography;  c e r e b r o s i d e s  f rombov ine  b r a i n w e r e  isola ted and generous ly  provided by O. P.  Sotskii ,  on the s taff  
of the Depar tmen t  of Clinical Chemis t ry ,  E revan  Medical Inst i tute,  and the enkephalin was f r o m  Fluka (Switzer-  
land). L iposomes  f rom ovolecithin were  obtained by the method [2] by sonicat ion with the UZDN-I -1  u l t r a son ic  
d is in tegra tor ;  the dimensions of the l iposomes  were  de te rmined  by the light sca t t e r ing  method (d iameter  30 nm).  

In teract ion of enkephalin with l iposomes  f r o m  ovolecithin was invest igated by m i c r o c a l o r i m e t r y .  The 
m e a s u r e m e n t s  we re  made on a D A K I - I A  m i c r o c a l o r i m e t e r .  Solutions of enkephalin and l iposomes  were  made 
up in 0.1 M KC1 and 0.1 M CaC12. The concentra t ions  of enkephalin were  0.4 • 10 -5 and 0.8 • 10 -6 M, and of 
l iposomes  6.7 • 10 -7 of the molecu la r  weight (mol. wt.), taldng mol .  wt. of l iposomes  to be 2.0 • 106 [4]. The 
working t e m p e r a t u r e  was 25~ Values of the t h e r m a l  effect  of in terac t ion  of enkephalin with l iposomes  were  
obtained with allowance for  t h e r m a l  effects  of dilution of the reagen ts .  

EXPERIMENTAL RESULTS 

Model m e m b r a n e s  f o r m e d  f r o m  components  of cell  m e m b r a n e s  (lecithin and ce reb ros ides )  had low con-  
ductance fo r  po t a s s ium and ca lc ium ions (Fig. 1). The effect  of enkephalin on these  m e m b r a n e s  was to inc rease  
the i r  conductance.  It will be c l ea r  f r o m  Fig.  1 that  the g r e a t e s t  i nc rease  in conductance of the t e s t  m e m b r a n e s  
was obse rved  with enkephalin in a concentrat ion of 10 -5 M, with a gradual  dec rea se  to 10 -8 M. Enkephalin had 
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TABLE 1. Enthalpy (AH) of In teract ion of 
Enkephalin with L i p o s o m e s  (concentrat ion 
of l i p o s o m e s  6.7 • 10 -7 tool. wt.) 

Enkepha l in  con-  AH, 
Solut ion cen t ra t ion ,  M k c a l / m o t ,  wt .  

0,1 24 KC1 

0,I M GaOl 2 

0,4" 10 -5 
0,8" 10 -5 
0,4" 10 "-5 
0,8" 10 -5 

12•  
15",0=t=0,5 
22,7-4-0,7 
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Fig.  1. Dependence of conductance of model 
m e m b r a n e s  made of lecithin (a) and c e r e -  
bros ide  (b) for  po t a s s ium (2) and ca lc ium 
(1) ions on enkephalin concentrat ion.  Ab- 
s c i s s a ,  log of enkephalin concentrat ion;  
ordinate ,  log of conductance. F igures  on 
left  indicate conductance of unmodified 
m e m b r a n e s  fo r  Ca -~- and K + respec t ive ly .  

its s t ronges t  effect  on lecithin m e m b r a n e s ,  whose pe rmeab i l i t y  it i nc reased  by three  o rde r s  of magnitude; it 
i nc reased  the pe rmeab i l i t y  of ce reb ros ide  m e m b r a n e s  by 2-2.5 o rde r s  of magnitude for  po ta s s ium and ca l -  
cium ions (membrane  pe rmeab i l i t y  was always higher  fo r  ca lc ium ions). Measu remen t  of the m e m b r a n e  poten-  
t ial  in a tenfold KC1 gradient  with enkephalin in a concentra t ion of 10 -~ M gave the following resul ts :  34.5 4- 1.8 
mV for  lecithin and 30.1 4- 0.9 mV for  c e r eb ros ide  m e m b r a n e s .  These r e su l t s  a re  evidence that  the t es t  m e m -  
b ranes ,  when modif ied by enkephalin,  have high pe rmeab i l i ty  fo r  cat ions.  Determina t ion  of conductance in so lu-  
tions of KC1 and CaC12 with different  ionic s t rengths  showed that  enkephalin c r ea t e s  mainly  ca lc ium conduc- 
tance in the m e m b r a n e s .  These r e su l t s  suggest  that  the abil i ty of enkephalin to c rea te  high pe rmeab i l i t y  for  
ce r ta in  basic  lipid components  of cell m e m b r a n e s  on account e i ther  of d is turbances  in the s t ruc tu re  of the lipid 
b i l ayer  or  of binding of enkephalin with cations may  indicate  that  it p o s s e s s e s  ionoform p r o p e r t i e s .  

To study the poss ib le  mechan i sm of in te rac t ion  of enkephalin with l ipids,  the rmodynamic  expe r imen t s  
were  c a r r i e d  out. These showed that  the t he rma l  effect  of in teract ion of enkephalin in different  sa l t  solutions 
(0.1 M KCI and 0.1 M CaC12) with l iposomes  is  accompanied  by absorpt ion of heat .  The sign and values of the 
endothermic  reac t ion  energy  (AH) of in terac t ion  with l iposomes  (Table 1) sugges t  poss ib le  conformat ional  
changes in the s t ruc tu re  of the b i l ayer  during its in terac t ion  with enkephalin. The g rea t  dif ference in reac t ion  
energ ies  between in terac t ion  of enkephMin with l iposomes  in the p re sence  of different  ions mus t  be noted. The 
g r e a t e r  r eac t ion  energy  fo r  in te rac t ion  of enkephal in with l iposomes  in the p r e s e n c e  of Ca ++ may pe rhaps  be 
connected with m o r e  subs tant iaI  changes in l iposome conformat ion  in ca lc ium solution than in po tass ium,  a view 
suppor ted  by the r e su l t s  showing changes in pe rmeab i l i t y  of model m e m b r a n e s .  

The resu l t s  of these  exper imen t s  thus sugges t  that  enkephalin can inc rease  the pe rmeab i l i t y  of cell m e m -  
branes  through lipid f rac t ions ,  p robably  on account of conformat ional  changes in the s t ruc tu re  of the t es t  m e m -  
branes  as a r e su l t  of t he i r  in teract ion with enkephalin.  
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E F F E C T  OF D , L - D O P A  ON P R O T E I N  A N T I G E N  C O N T E N T  
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The p rob lem of the role  of n e u r o t r a n s m i t t e r  s y s t e m s  in t r ans - synap t i c  regulat ion of p ro te in  synthes is  in 
pos tsynapt ic  s t r u c t u r e s  is a key p rob lem in neurobiology.  A decis ive  role  has been Bscribed to the poss ib le  
se lec t ive  effect  of n e u r o t r a n s m i t t e r s  on pos t - t r ans l a t i on  modificat ion of prote ins  in the convers ion  of s h o r t -  
t e r m  changes in unit act ivi ty into s table ,  l o n g - t e r m  changes.  Induction of modif icat ions of individual b r a in -  
specif ic  pro te ins  (antigens) by med ia to r s  undoubtedly has a d i rec t  bear ing on the mechan i sms  of p las t ic i ty  [9]. 

Data on the mechan i sms  of concre te  in te rac t ionbe tween  n e u r o t r a n s m i t t e r s  and pro te in -syn thes iz ing  bra in  
s y s t e m s  are  ve ry  scanty and are  concerned chiefly with synthes is .  Changes in RNA and pro te in  synthes is  in 
the bra in  have been demons t ra ted  under  the influence of noradrena l in  (NA) and its analogs [2, 3, 14]. F o r  ex-  
ample ,  s t imulat ion of ad reno reeep to r s  by amphe tamine  inhibited incorpora t ion  of rad ioac t ive  label  in RNA and 
pro te ins ,  but with an inc rease  in the dose of the drug the i r  synthes is  was ac t iva ted  [2, 3]; D-amphe tamine  in-  
hibited pro te in  synthes is  in the r a t  b ra in  [14]; a d e c r e a s e  in the NA content in the bra in  by die thyl thiocarbonate  
and r e s e r p i n e  reduced,  whereas  e levat ion of the NA level  i n c r e a s e d , t h e  intensi ty  of RNA synthes is  [4]. 

Changes in nucleic acid and pro te in  me tabo l i sm under  the influence of NA may  a lso  be an impor tan t  s tage  
in the m e c h a n i s m  of regulat ion of synapt ic  eff ic iency [7]. Evidence of this is given by reorgan iza t ion  of the 
chemoreac t ive  p rope r t i e s  of c e r eb ra l  neuron m e m b r a n e s  by micro iontophore t ic  applicat ion of NA and by s t i m -  
ulation of the locus coeru leus ,  the pr incipal  s i te  of concentra t ion of no rad rene rg i c  neurons  [5, 13]. C lea r ly  the 
role  of  individual pro te ins  in this p r o c e s s  may be ve ry  cons iderab le .  An e lec t rophore t ic  study of wa te r - so lub le  
pro te ins  of the c e r e b r a l  and c e r e b e l l a r  cor tex revea led  divergent  changes in individual pro te in  f rac t ions  in r e -  
sponse  to e l ec t r i ca l  s t imulat ion of the locus coeruleus  [8]. However ,  the question of the functional role  of dif-  
fe ren t  individual, including t i s sue - spec i f i c ,  pro te ins  in the mechan i sms  of action of NA r ema ins  unsolved. 

The a im of the p re sen t  invest igat ion was to study (by c ro s sed  immunoe lec t rophores i s )  the c h a r a c t e r  of 
the effect  of the NA p r e c u r s o r  D,L-dopa ,  on the content of prote in  antigens ia the hypothalamus,  ce rebe l lum,  and 
f rontal  cor tex  of the r a t  bra in .  

E X P E R I M E N T A L  M E T H O D  

An an t i s e rum obtained by immunizing rabbi t s  with wa te r - so lub le  ex t rac t  of r a t  b ra in  by the scheme de-  
s c r i bed  previous ly  [11] was used fo r  the immunochemica l  invest igat ions.  To r emove  antibodies against  s e r u m  
prote in  the immune s e r u m  was exhausted with r a t  blood s e r u m  [6]. 
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