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Thermal  A c t i v a t i o n  of  the Cyclic A M P  S t i m u l a t e d  Sodium Transport Across Isolated Toad B l a d d e r  

a n d  N a + / K  + A T P a s e  i n  T o a d  B l a d d e r  H o m o g e n a t e s  

Our  analys is  of t he  t e m p e r a t u r e  coefficients  for sod ium 
t r a n s p o r t  across the  isola ted t oad  b l a d d e r  1-3 has  shown  
t h a t  a l t h o u g h  pass ive  mucosa l  p e r m e a b i l i t y  and  ac t ive  
serosat t r a n s p o r t  m a y  each  invo lve  severa l  s tages  t h e y  
h a v e  cha rac te r i s t i c  a c t i v a t i o n  energies of 13.5 kca l s /mole  
for mucosa l  p e r m e a b i l i t y  and  9 kca l s /mole  for t he  ac t ive  
p u m p .  I n  t he  p re sen t  work  we h a v e  i n v e s t i g a t e d  the  
t h e r m a I  a c t i v a t i o n  of t h e  N a + / K +  A T P a s e  measu red  in  
t o a d  b l adde r  h o m o g e n a t e s  us ing  t he  BONTI~a and  CARA- 
VAGGIO 4 m e t h o d  and  of the  cyclic A M P  s t i m u l a t e d  Na+  
t r a n s p o r t  across t he  i so la ted  t oad  b ladder .  

The  toads  (Bu/o marinus) were ki l led and  the  b l adde r s  
qu ick ly  exised a n d  p repa red  as a 10% h o m o g e n a t e  in  a 
0 .6% sal ine c o n t a i n i n g  0.2 m M  E D T A  p H  7.4, Two 
i n c u b a t i o n  m e d i a  were prepared ,  so lu t ion  A con ta in ing  
2 m M  ATP,  1 m M  MgC12,.5 m M  KCI, 58 m M  NaC1, 
10 m M  KCN, 0.1 m M  E D T A ,  92 m M  iris a n d  so lu t ion  B 
con ta in ing  2 m M  ATP,  1 m2vg Mg C12, 58 m M  NaC1, 10 m M  
KCN, 0.1 m M  E D T A ,  92 m M  iris and  10 4M ouaba in .  
A 0.15 ml  a l i quo t  of t he  t oad  b l adde r  h o m o g e n a t e  was 
added  to 2.25 ml  of so lu t ion  A and  50 F1 of th i s  so lu t ion  
was qu ick ly  added  to 6 smal l  t ubes  and  i n c u b a t e d  in a 
b a t h  a t  a t e m p e r a t u r e  be t w een  5 ~ and  35~ A s imi la r  
r ou t i ne  was carr ied ou t  us ing  0.15 ml  of t he  same  h o m o -  
gena te  w i t h  2.25 m l  of so lu t ion  B. A t  each  t e m p e r a t u r e  
t he re  were 6 samples  of h o m o g e n a t e  i n c u b a t e d  in so lu t ion  
A and  6 samples  i n c u b a t e d  in so lu t ion  B. Af te r  i n c u b a t i o n  
for 1 h 250 ~l of a 10% TCA so lu t ion  was added  to  all 
solut ions .  They  were spun  in an  E p p e n d o r f  cen t r i fuge  
a n d  250 F1 t a k e n  in to  f resh  t ubes  to  w h i c h  were added  
250 F1 a l iquots  of t he  colour  r e agen t  con ta in ing  400 m g  
of ferrous su lpha te  in 10 ml  of 1% a m m o n i u m  m o l y b d a t e  
in 1.15 n o r m a l  su lphur ic  acid. The  colour  was a l lowed to 
deve lop  for 20 ra in  and  t he  a b s o r b e n c y  read  a t  700 rim. 
The  di f ference in a b s o r b e n c y  a t  th i s  w a v e l e n g t h  was 
d e t e r m i n e d  for so lu t ions  A a n d  B a n d  t he  r e l a t ive  Na+ /K+ 
A T P a s e  ca lcu la ted  b y  cons ider ing  t he  m a x i m u m  differ- 
ence as equa l  to  100. A l o g a r i t h m  of th i s  re la t ive  N a + / K  + 
A T P a s e  aga ins t  t he  rec iprocal  t e m p e r a t u r e  is shown 
(Figure 1). The  a c t i v a t i o n  energy  d e t e r m i n e d  f rom such  
p lo t s  gave  a va lue  of a b o u t  9 hea ls  pe r  mole  co r re spond ing  
to  a c t i v a t i o n  of t he  serosal  p u m p .  W e  h a v e  suggested  
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Fig. 1. Thermal activation of the Na+/K + ATPase measured in toad 
bladder homogenates. 

t h a t  u n d e r  n o r m a l  cond i t ions  t he  r a t e  of ion t r a n s p o r t  is 
cont roI led  b y  t he  r a t e  a t  wh ich  sod ium can en te r  across 
t he  mucosa l  pe rn l eab i l i t y  ba r r i e r  and  t h a t  a ldos terone ,  
vasopress in  a n d  a m p h o t o c i n  B (Table) ac t  to  lower t h i s  
ba r r i e r  to  an  e x t e n t  t h a t  m a k e s  t he  p u m p  ra te  l imi t ing .  
A n y  agen t  t h a t  p r e d o m i n a n t l y  affects  p u m p  a c t i v i t y  
m a y  increase  Na+ t r a n s p o r t  b u t  t he  t e m p e r a t u r e  coeffi- 
c ient  will  r e m a i n  una l t e red .  V~re h a v e  d e t e r m i n e d  t h e  
a c t i v a t i o n  energies  for the  Na  + t r a n s p o r t  s t i m u l a t e d  
(Figures 2 and  3) in the  presence  of cyclic A M P  (10-3M) 
a n d  t h e o p h y l l i n e  (10-~M) us ing  t he  m e t h o d  descr ibed 
p rev ious ly  a. The  va lues  o b t a i n e d  in  b o t h  cases are  close 
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Fig. 2. Thermal activation of the short circuit current measured 
across toad bladder stimulated by 10-2M theophylline (upper plot) 
and 10-~M cyclic AMP (lower plot). 
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Fig. 3. Effect of 10 ~M theophylline (A) and 10-3,~ r cyclic AI~[P (B) 
on the short circuit current measured across toad bladder. 
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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 ,  

R. S. SNART and T. DALTON 

Activation energy EA of the Na + transport across the isolated toad 
bladder stimulated by various agents including results of ref. a and 
present work 

Department o/Zoology, The University, 
She//ield SIO 2 T N  (England), 73 March 1972. 

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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