
In the light of these observations the action of p-CoA on the energy-dependent functions of MCH and on the 
proton conductance of their  inner membrane can be satisfactorily explained, p-CoA is known to inhibit AN 
transport  specifically, like atractyloside [1, 8]. The inhibition constant is very low, namely 0.5 /~M, and the 
action of p-CoA is competitive with respect to ADP and ATP. Carnitine abolishes theeffect  of p-CoA, since 
the effective concentration of p-CoA is lowered as a result  of the activity of carnitine-palmitoyl transferase,  
and the palmitoyl carnitine formed had no effect on ANT [11]. The ability of ADP and carnitine to abolish the 
effect of p-CoA additively is explained by the fact that carnitine lowers the p-CoA concentration in the mem- 
brane, and ADP under these conditions competes more effectively with p-CoA for the binding sites on ANT. 
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LOCALIZATION OF NERVE-SPECIFIC PROTEIN ANTIGENS 

ON THE SURFACE MEMBRANE OF NEURONS AND GLIAL 

C E L L S  OF H e l i x  p o m a t i a  

N. V. P i v e n  ' ,  V. I .  K h i c h e n k o ,  
a n d  M.  B .  S h t a r k  

UDC 612.017.1 

The existence of cross protein antigens common to several species of invertebrates and verte-  
brates on the membrane of neurons and glial cells of Helix pomatia was demonstrated in vitro 
by Coons' immunofluorescence method. The presence of nerve-specific proteIn S-100 on the 
membrane of these cells was established. The antigenic heterogeneity of membranes of a 
population of neurons also was observed. Differences were found in the concentrations of anti- 
gens on the somatic and axon membranes. The character of distrlbution of specific fluores- 
cence indicates possible qualitative and (or) quantitative differences in the content of nerve- 
specific proteins in different areas of the neuron membrane. 

KEY WORDS: brain-specific antigen; neurons of invertebrates; immunofluorescence. 

The e~istence of a class of protein antigens specific for nerve t issue can now be accepted as proven. It 
is considered that these proteins are responsible for conducting and generating the action potential and for 
synaptic transmission, participate in mechanisms of memory and learning, and so on [5]. Since many of 
these functions of the nervous system are  connected in some way or  other with the activity of the neuron mere- 
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Fig.  I .  Isola ted ne rve  cel ls  of Hel ix  pomatia  incubated with an t i se ra  against  ne rve  
t i s sue  of ~nimals of var ious  species  (a-d; f luorescent  glial ce l ls  shown in c and d). 
Ind i rec t  Coons '  method.  Magnification in a, b, c 400•  in d 200•  

brahe,  as  one aspec t  of the  prob lem of the  physiological  r o l e  of ne rve - spec i f i c  proteins  (lqSP) the study of 
t he i r  m e m b r a n e  local izat ion is impor tant  on i t s  own account.  

Changes obse rved  in the  e lec t r ica l  cha rac t e r i s t i c s  of  in tact  neurons and of  var ious  bra in  s t ruc tu res  
under  the  influence of antibodies against  NSP [10] a r e  indi rec t  evidence of the m e m b r a n e  local izat ion of  these  
antigens,  but they  allow no conclusions to be drawn on the c h a r a c t e r  of t he i r  distr ibution on the cell  surface ,  
still  l e s s  regard ing  the ex is tence  of membrane-bound  NSP of glial cel ls .  

It  was accordingly  decided to study the c h a r a c t e r  of distr ibution o f  ne rve - spec i f i c  prote in  antigens, in- 
eluding prote in  S-100, on the membrane  of i sola ted ne rve  and glial ce l ls  of Helix pomatia  by an immunofluo-  
r e s c e n c e  method.  

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

Exper imea t s  we re  c a r r i e d  out on single ne rve  cei ls  of the isolated subesophageal ganglion complex of 
Hel ix  pomatia  [6]. Cel ls  which according to the i r  morphological  fea tures  remained  viable were  removed  
f rom the suspension with a mic rop ipe t  and placed in a drop of physiological  saline in a special  chamber .  The 
local iza t ion of the su r face  antigens was studied by the  ind i rec t  Coons '  hnmunof luorescence  method in the 
usual manner  [4]: T h e c e l l s  we re  incubated in a humid chamber  with immune se rum for 10-15 rain; next, a f te r  
r insing with physiological  sal ine,  they were  incubated with f luoresce in  isothiocyanate- labeied an t i se rum 
against  rabbi t  hnmunoglobulin (prepared  by the N. F .  Gamaleya Inst i tute of Microbiology and Epidemiology,  
Academy of  Medical  Sc iences  of  the USSR). Af te r  fu r ther  washing of  the cel ls  to r emove  unbound antibodies, 
a p repara t ion  for  luminescence  mic roscopy  was obtained. To ver i fy  the immunologic specif ici ty,  some of 
the  cel ls  were  incubated with nonimmune s e rum under  the same conditions and also with labeled se rum by 
the  d i rec t  method.  

The  following immune an t i se ra  were  used: against  snail ne rve  ganglia, against  the c rayf i sh  ne rve  chain, 
against  r a t  brain,  and monospecif ic  an t i se rum against  pro te in  S-100 (AS- 100). * The method of obtaining these  
se ra  was desc r ibed  previously  [7]. It  must  be pointed out h e r e  that  according to the  hypothesis  of  s p e c i e s  
nonspecif ic i ty  of NSP the  use  of an t i se ra  obtained against ne rve  t i s sue  of different  species  of animals  

*The  an t i se rum was provided by S. M. Svir idov (Institute of Cytology and Genetics,  S iber ian  Branch,  Academy 
of Sciences  of the USSR), to whom the authors  a r e  grateful .  
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Fig.  2. Local izat ion of ne rve - spec i f i c  prote in  S-100 
on m e m b r a n e  su r face  of  neurons of different  s i z e s  
(a-d) and glial ce l l s  of  Hel ix  pomatia  (specific f luo- 
r e s c e n c e  of glial ce l l s  shown in b). Indi rec t  Coons '  
method, incubation with monospecif ic  an t i se rum 

a g a i n s t  prote in  S-100. 200 x. 

containing c ro s s  in terspeci f ic  antigens can legi t imate ly  be expected.  Investigations have shown that mos t  
NSP posses s  high evolut ionary stabili ty:  T h e y a r e  p re sen t  in n e r v e t i s s u e  of  animals  of various species  
phlogenefieal ly ve ry  r e m o t e  f rom one another  [11, 12 ]. The  above-ment ioned immune s e r a  were  also chosen 
because ,  when applied to the su r face  of  neurons,  they evoked the corresponding electrophysiological  effects  
[1, 2 I. 

All  s e r a  ( immune and labeled) were  f i r s t  adsorbed with l ive r  powder and the i r  working dilution was 
chosen  under  immunof luorescence  control  [4]. Since it  was n e c e s s a r y  to incubate the cells in a physiological  
medium for  mol luscan  ne rve  cel ls ,  at the f i r s t  dilution of the an t i se ra  a compensat ing fac to r  was used; i ts 
ionic composi t ion was chosen so that  a f t e r  addition to an equal volume of undiluted s e rum a solution of anti-  
bodies was obtained in which the sal t  concentra t ion co r responded  to the ionic composi t ion of hemolymph [9]. 
F o r  fu r the r  dilutions physiological  sal ine for  snails  was used.  

The ce l l s  were  mounted in a drop of physiological  sa l ine  and the usual method of applying a drop of 50% 
glycero l  to the  p repa ra t ion  was r e j ec ted .  C ells in physiological  sal ine with g lycero l  shrank,  with consequent 
deformat ion  of t he i r  su r face  and folding. In the  region of a fold the intensi ty of f luorescence  was increased ,  
and this  could be mis takenly  a t t r ibuted to a local  i nc rease  in antigen concent ra t ion  on the  cel l  sur face  (Fig. 1). 
The  p repara t ions  we re  examined and photographed in the  ML-PA luminescence  mic roscope .  

EXPERIMENTAL RESULTS 

The isolated nerve cells possessed weak yellowish-green auto fluorescence, con~rming that they re- 
mMned viable.  In control  exper iments  with nonimmune se rum and with labeled eluate,  the intensity of fluo:- 
r e s c e n c e  of the  i sc la ted  neurons  was indist inguishable f rom that  of autof luorescence .  

During incubation of the ne rve  ce l l s  with an t i se ra  against  ne rve  t i s sue  of different  species  of animals  
the  ou te r  m e m b r a n e  of  the ne rve  and glial  ce l ls  gave br ight  specif ic  f luorescence .  This  f luo rescence  in the 
neurons  was mos t  f requent ly  in the shape of  a r ing,  probably indicating a uni form distr ibution of  the c ro s s  
antigens on the  su r face  of  the  somat ic  membrane .  F l u o r e s c e n c e  of  the giial  ce l l s  was s t ronge r  and was d is -  
t r ibu ted  ove r  the whole su r face  of the cel ls  (Fig. lc ,  d). Di f ferences  in the cha r ac t e r  of  f luorescence  of the 
ne rve  and glial  ce l l s  we re  probably a t t t r ibutable  to the g r e a t e r  sur face  densi ty  of distr ibution of antigens on 
the  m e m b r a n e  of the glial  cel ls  and (or) d i f ferences  in t he i r  s ize .  On incubation with an t i se rum against  snail 
ne rve  t i s sue  f luorescence  of the axon membrane  was b r igh te r  than tha t  of the  somat ic  m e n b r a n e  (Fig. lb).  
This  fac t  suggests  that  the neuronal  m e m b r a n e  is  heterogeneous in its antigenic composit ion.  This he re to -  
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geneity is perhaps connected with functional differences between the axonal and somatic membranes and~ in 
particular~ with known differences in the pattern of distribution of chemoreceptors on their  surface [3]. 

In the ser ies  of e~periments with exhausted serum against ra t  brain which differed from the unexhausted 
by containing antibodies against brain-specific antigens only, some cells did not show membrane fluorescence. 
This fact may perhaps indicate that the neuron population is heterogeneous for the antigenic composition of 
their  membranes.  A similar  suggestion was put forward by Solntseva [8], who studied the action of antibodies 
against interspecific c ross  antigens on the electrical characteris t ics  of snail neurons. 

When the cells were incubated with AS-100 the outer membrane of the neurons also showed bright spe- 
cific fluorescence which, as a rule, was ring-shaped in character  (Fig. 2). In an investigation by Hyden and 
Ronnback [11], who used AS-100 with isolated vertebrate  neurons, fluorescence was usually i rregular  and 
was concentrated in different zones of the cell surface. It can tentatively be suggestexl that differences in 
the character  of localization of protein S-100 in ver tebrates  and invertebrates are  connected with differences 
in the neuron morphology of these species and also, perhaps, with differences in the degree of participation 
of their somatic membranes in the integrative activity of the nerve cells. 
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