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to 13.5 kcals per  mole unlike the  ac t iva t ion  energy  deter-  
mined  in the  presence  of vasopress in .  

There  is a cons iderab le  a m o u n t  to  ev idence  suppo r t i ng  
a separa t ion  of wa te r  and Na + t r a n s p o r t  effects  of vaso- 
press in  ~-9. The obse rva t ion  t h a t  10 m M  Ca ~ inhib i t s  the  
vasopress in  s t imu la t ed  wa te r  t r a n s p o r t  bu t  has  no effect  
on vasopress in  s t imu la t ed  sodium t r a n s p o r t  led PETeRSeN 
and  EDELMAN ~ to suggest  t h a t  sodium and wa te r  t rans-  
po r t  effects  of vasopress in  m a y  be due to  to  separa te  
adeny la t e  cyclase sys tems.  However ,  we have  s tud ied  the  
vasopress in  s t imula t ion  of cyclic AMP levels in t he  t oad  
b ladder  and  have  shown a dose response  charac te r i s t ic  
of a single ac t iva t ion  process  ~o. The dose response  charac-  
ter is t ic  of resp i ra t ion  increases following vasopress in  t r ea t -  
m e n t  shows evidence of two  ac t iva t ion  processes ~ one of 
which is en t i re ly  insensi t ive  to  theophyl l ine ,  the  second 
is theophyl l ine  sensit ive.  The f irs t  of these  can be re la ted  
to t he  dose response  charac ter i s t ic  for vasopress in  s t imu-  
la ted  Na  + t r anspor t .  The  second can be re la ted  to t he  
effects  of vasopress in  on the  s t imula ted  adeny la t e  
cyclase 6 

We bel ieve t h a t  iaateraction of vasopress in  w i t h  m e m -  
brane  receptor  sites ~* leads d i rec t ly  to  an increase in the  
mucosal  pe rmeab i l i t y  to  Na+, to  a release of m e m b r a n e  

bound  Ca e+ ions and ac t iva t ion  of t he  adeny la te  cyclase. 
The release of Ca 2+ f rom the  m e m b r a n e  and  its subsequen t  
mobi l iza t ion  is bel ieved to  ma in ly  affect  w a t e r  t r anspo r t .  
Such a mechan i sm of act ion involv ing  2 types  of perme-  
abi l i ty  effects would provide  an a l t e rna t ive  basis for 
u n d e r s t an d i n g  the  separa te  effects  of t he  h o rmo n e  on 
Na+ and wa te r  t r anspor t .  A l though  cyclic A M P  m a y  heIp 
to mobil ize t issue Ca 2+ p ro b ab l y  as a resul t  of a bioche- 
mical  effect  on glycolysis ~0 and  mi tochondr i a l  b o u n d  
calcium, the  pr inciple  effect  of cyclic A M P  on glycolysis 
is poss ib ly  to  increase the  avai lable  supply  of A T P  to 
the  ion pump.  Cyclic A M P  m a y  affect  m e m b r a n e  bound  
calcium ion and t h e r e b y  increase the  n u m b e r  of 'pores ' .  
This  effect  i t  no t  equ iva len t  to  t he  h o rmo n e  pe rmeab i l i t y  
effect  which  is bel ieved to  have  an affect  on the  size of 
effect ive 'pores ' .  

Zusammenfassung. Der Tempera tu rkoe f f i z i en t  fiir den 
durch  das zyklische A M P  und Theophyl l in  s t imul ie r ten  
N a t r i u m t r a n s p o r t  in der  isol ier ten KrS tenb lase  wurde  
analysier t .  Die E n z y m p u m p e  wurde  s tgrker  beeinf luss t  
Ms die mukosale  Perrneabi l i t~ t  a n d  die Ak t iv i t g t  yon 
Na+ /K + ATPase  kor respond ie r t  m i t  der  Energ ie  der  
P u m p e n a k t i v i t g t ,  
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Treatment EA (kcal/mole) 

Control 13.6 
Cyclic AMP (10-aM) 13.8 
Theophylline (10 2M) 13.4 
Aldosterone (10-~M) 9.4 
Vasopressin (10-SM) 9.0 
Amphoteric.in B (10-7M) 9.0 
Na+/K + ATPase 8.9 
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Morphological  Evidence for Electrical Synapse of 

'Gap '  junc t ions  1 _ synapses  p re sumed  to  be electr ical ly 
med ia ted  ~ - are such cases of close appos i t ion  of synap t i c  
m e m b r a n e s  as show a 20-30 2~ gap a, t r aversed  b y  a 
hexagonal  a r ray  of subuni t s  4, in between.  The over-all  
th ickness  of the  synap t i c  junc t ion  is 135-180 ~ t ,  5 and, 
for a given synapse,  is no t  af fec ted  by  differences in 
me thods  of t r ea tment1 ,  6. This last  feature,  therefore,  
serves as a good cr i ter ion for locat ing and  iden t i fy ing  a 
'gap '  junc t ion  % 

Using the  above cri terion,  i t  is possible  to  d e m o n s t r a t e  
the  presence  of 'gap '  j unc t ion  be tween  the  sensory  cells 
and af ferent  nerve  endings  in large tuberous  organ 7, s of 
Sternarchus albi/rons, a gymno t id  weakly  electric fish. For  
e lectron microscopy,  the  mater ia l  was f ixed in o smi mn  
te t raoxide ,  ace ta te  veronal  buffered,  and  sect ions were 
double  s ta ined  wi th  uranyl  ace ta te  and lead ci trate.  E a c h  
sensory  cell receives a t  i ts  basal  end a single large bou t o n  
t e rmina l  of an af ferent  nerve  fibre (Figure 1). The la t t e r  
carries its myel in  shea th  ve ry  close to t he  base of t he  
bou ton  8. The cell m e m b r a n e s  of the  sensory  cell and  the  
nerve  t e rmina t ion  are separa ted  by  an in te rspace  of 
300-450 A, except  where  t h e y  en te r  into fo rma t ion  of 
synapses .  Two types  of synapses  are found  a t  th is  interface.  
One type  (Figure 1) is of w h a t  has come to be known as 

'Gap' Junction Type in Another Vertebrate Receptor 

chemical  synapses  9 which  are readi ly recognized by  the  
p re synap t i c  s t ructures ,  viz., e lectron dense body  sur round-  
ed by  vesicles. The synap t ic  m e m b r a n e s  in th is  case are 
separa ted  by a uni form cleft  of 200 ~ ,  a n d  vesicles and  mi- 
tochoudr ia  are found close to the  synapse  in the  nerve  
ending.  

The o ther  t y p e  of synapses ,  a t  once conspicuous  by  the  
closeness of t he  2 junc t iona l  membranes ,  appears  in 
sect ion as a single da rk  line in low magni f ica t ion  electron 
micrographs  (Figure 1), as if a fusion has occurred here 
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be tween the  cell membranes  of the  sensory cell and the  
bouton.  Bu t  at  h igher  magnif ica t ion  2 separate  dark  
lines can st i l l  be seen in the  region of the  synapse (Figure 
2), represent ing the inner  leaflets of the 2 cell membranes  
as the  outer  leaflets are not  s tained by the  method  
employed 6,9. I n  sections perpendicular  to the synapse, 
the  over-al l  thickness of the  junc t ion  is about  150 A, 
measured  be tween the  cytoplasmic  faces of the  apposing 

membranes  ~. The l ight  lille between the two dark lines 
is about  70 A wide and represents  the  to ta l  d is tance 
be tween tile external  faces of the  inner  leaflets of the  
ad jacent  cell membranes  including the  20 .~ gap of the  
j unction. Nei ther  vesicles nor mi tochondr ia  are seen in the  
bouton  near  the  synapse (Figures 1 and 2). Sections par t ly  
tangent ia l  to the  synapse reveal  at  h igh  magnif ica t ion  
dark  s t r ia t ions criss-crossing the  interspace be tween  the  2 
junct ional  membranes ,  present ing  a pa t t e rn  wha t  m a y  be 
obtained if a honeycomb is cut  ob l ique ly  (Figure 3). 
Undoub ted ly  these synapses are different  f rom chemical  
synapses. These above-mel l t ioned features of the  synapse 
provide  strong evidence to suggest t h a t  these  are 'gap '  
junct ion  type  of electrical  synapses. 

Al though 'gap '  junct ions  are  long known to occur 
be tween neurons in the  centra l  nervous sys tem 6,9 thei r  
incidence in receptors is rare. The only case so far known 
is that of the  c~lyceal synapses of the m a m m a l i a n  vest ib-  
ular organs 1~ Thus,  the  large tuberous  organs of Stern- 
archus become the first  such case among  l ion -mammal ian  
ver tebra te  receptors.  Elect rophysiological  da ta  for these 
receptors are no t  avai lable,  bu t  u l t ras t ruc tura l  and 
electrophysiological  studies on tuberous  organs of o ther  
weakly  electric gymnot ids  do no t  show the  presence of 
electr ical  synapses ~, ~. I t  is l ikely  t h a t  such synapses are 
specific of Sternarchus alone, a weakly  electric fish wi th  
ve ry  high f requency 1~ and unique  electric organs of neural  
origin ~* and repor ted  no t  to possess usual  e lectroplates  
wi th  synapses ~s. A rapid  p a t h w a y  sys tem ~6 has  been 
pos tu la ted  to account  for the  s t r iking coordinat ion  tha t  
exists between electroreceptiol l  and electric organ dis- 
charge frequency.  The present  morphological  evidence of 
electrical  synapses of p resumably  'gap '  junct ion  t y p e  
between t h e  receptor  cells and thei r  afferell t  nerve  
endings, affect ing negligible synapt ic  delay at  receptor  
level, fits well  wi th  the  theory  of rapid  p a t h w a y  system, 
as far as Sternarchus is concerned. 

Rdsumd. Une 6rude des organes tub6reux  de grande 
tail le chez un poisson 61ectrique ~ faible d6charge, Stern- 
archus albifrons a 6t6 effectu6e en microscopie 61ectronique. 
Elle a pennis  d 'observer  la pr6sence, en plus de la synapse 
chimique,  d 'une  jonct ion en <,gap~> de la synapse 61ectri- 
que. 
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Fig.  1. Large  tuberous  organ of Sternarchus albilrvns, in  section. A 
bou ton  t e rmina l  (bt), synap~ing wi th  a receptor  ceil base (se). Chemi- 
cal  synapse  on the r igh t  (double-headed arrow). Elec t r ica l  synapse  
appear ing  as single d a r k  line, be tween the arrows, beyond which the 
2 cell membranes  are widely  separated.  Vesicles and mi tochondr ia  not  
seen near  the electr ical  synapse,  unl ike the chemical  synapse.  • 

Fig. 2. Magnified v iew of the area marked  wi th  a b racke t  in Figure  1. 
The single da rk  l ine resolved in to  .2 da rk  l ines separa ted  b y  a l igh t  
line. The cy top lasm of the receptor  cell (sc), and  the nerve  t e rmina l  
(bt) separa ted  b y  the 150A th ick  electrical  synapse,  p re sumab ly  a 
'gap '  junct ion,  be tween the arrows. • 104,000. 

Fig. 3. An electr ical  synapse  in  p a r t l y  t angen t i a l  section a t  receptor  
cell (sc) nerve  te rmina l  (bt) interface.  See text .  • 104,000. 
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