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65% yield. The  o ther  compound  absorbing a t  435 n m  
was absent.  I t  is known tha t  TMTM ini t ia tes  free radical  
po lymer iza t ion  of v iny l  monomers  under  hea t  or photo-  
lysis by  homoly t i c  c leavage of carbon-sulfur  bond 1~. I t  
appears  reasonable  t h a t  the  reduc t ion  of T M T M  by  
N-benzy l - l , 4 -d ihyd ron i co t i namide  should occur  a t  the  
same site and  i t  also s t rongly  suggests t h a t  t he  p roduc t  
wit t l  absorp t ion  a t  435 nm in T M T D  exper imen t  m a y  
well  be the  corresponding pyr id in ium N , N - d i m e t h y l -  
pe r th iocarbamate ,  resul t ing f rom the  reduc t ive  c leavage  
of carbon-sulfur  bond in TMTD.  The  ra ther  labi le  na tu re  
of this  c o m p o u n d  is cer ta in ly  ant ic ipated .  

The  fact  t h a t  these  2 py r id in ium salts  absorb  a t  m u c h  
longer  w a v e  length  t h a n  o ther  pyr id in ium salts  (410 and 
435 nm versus  265 nm) suggests  t h a t  these  py r id in ium 
salts  a re  no t  typ ica l  ones b u t  resemble  N-me thy lpy r id i -  
n i u m  iodide, a charge t ransfer  complex  species 13 which 
possesses an  UV-absorp t ion  m a x i m u m  a t  a much  longer  
w a v e  leng th  t h a n  265 rim. The  longer  absorp t ion  m a x i m u m  
for the  pe r th ioca rbama te  sal t  t h a n  t h a t  of t he  di th io-  
c a r b a m a t e  m a y  be a t t r ibu ted  to  the  fac t  t h a t  the  di th io-  
c a r b a m a t e  ion can  be  s tabi l ized by  resonance and has a 
h igher  ionizat ion po ten t ia l  z4. 

Rdsumd. Le N-Benzy l - l , 4 -d ihyd ron i co t i namide  r6duit,  
p a r u n  m4canisme r edoxde  t ransfer t  d ' u n  61ectron, la l ia ison 

disulf ide de plusieurs disulfides organiques  tels que le 
diph6nyl disulfide, l ' e - l ipoamide  et  le t 6 t r am6 thy l th iu r am 
disulfide. Les r6actions chimiques  sont  compar6es 
l ' oxyda t ion  enzymique  de la n icot inamide-ad6nine  nucl6o- 
t ide.  
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A c t i v a t i o n  of  S o d i u m  T r a n s p o r t  A c r o s s  B i o l o g i c a l  

T h e rma l  ac t iva t ion  of sodium t ranspor t  across toad  
b ladder  and frog skin has been s tudied using the  short  
c i rcui t  current  (SCC) t echn ique  1,~, and a reproducib le  
ac t iva t ion  energy of 14 kca l /mole  de te rmined  for bo th  
tissues. T r e a t m e n t  of these  tissues wi th  oc tapep t ide  
hormones,  a ldosterone or  amphot~r ic in-B leads to a 
s t imula t ion  of sodium t ranspor t  8-~, and the  t he rma l  
ac t iva t ion  energy measured  dur ing the  per iod of m a x i m u m  
s t imula t ion  1, 2 has a va lue  of 9 kca l /mole  in all  cases. 
We  suggested t h a t  the  observed lowering of the  ac t iva -  
t ion  energy  indica ted  an increased pe rmeab i l i t y  of the  
mucosa l  surface of the  epi thel ia l  t ranspor t  cells to sodium. 
In  t he  present  work  we have  inves t iga ted  this  p rob lem 
fur ther  in order  to decermine  whe ther  the  14 kca l /mole  
observed  in the  un t r ea t ed  t issue corresponds to the  
ac t iva t ion  energy of t he  enzyme  p u m p  s or to a pass ive  
pe rmeab i l i t y  barr ier  to sodium m o v e m e n t  across the  
mucosa l  surface of the  epi thel ia l  t r anspor t  cells. 

We  have  subjec ted  frog skin to increasing condi t ions  
of anoxia  by  bubbl ing  n i t rogen  th rough  the  ba th ing  
media  dur ing  our  t he rma l  ac t iva t ion  runs, and in th is  
manne r  have  ob ta ined  the  results  shown in F igure  1. 
The  p lo t  of log SCC (tLA/10 m g / c m  2) agains t  reciprocal  
t empera tu re  is in i t ia l ly  a s t ra igh t  l ine over  the  t empera -  
ture  range studied,  hav ing  a slope corresponding to  
14 kcal /mole .  As the  sodium t r anspor t  is decreased by  
the  s teady  fail  in oxygen  tension,  this  p lo t  shows 2 
slopes. A t  h igher  t empera tu re s  the  ac t i va t i on  energy  
corresponds to  14 kca l /mole  and  a t  lower t empera tu re s  
t he  ac t iva t ion  energy corresponds to 9 kcal /mole .  A f inal  
p lo t  ob ta ined  when  the  ion t r anspor t  had  been  reduced 
to a low va lue  gives a s t ra igh t  l ine corresponding to  an  
ac t iva t ion  energy of  9 kcal /mole .  

Oxy toc in  (10 m U / m l )  added  to  the  serosal surface of 
frog skin, in ae ra ted  condit ions,  caused an increase in 
t he  SCC and as seen in F igure  2 t he  ac t i va t i on  energy  
p lo t  dur ing  this  per iod of increased sodium t ranspor t  

M e m b r a n e s  

gives rise to a s t ra ight  line corresponding to an ac t iva t ion  
energy of 9 kcal /mole.  Ni t rogen gas was then  bubbled  
th rough  the  ba th ing  solutions and the  t he rma l  ac t iva t ion  
s tudied as the  ion t ranspor t  was reduced by  the  s teady  
fall  in oxygen  tension.  I n  each case, wi th  oxy toc in  
present ,  a s t ra ight  l ine plot  was obta ined  wi th  an ac t iva-  
t ion energy of 9 kcal /mole .  

These results  are in te rpre ted  as ind ica t ing  t h a t  the  
14 kca l /mole  corresponds to t he  ac t iva t ion  energy of the  
enzyme  p u m p  and t h a t  any  t r e a t m e n t  t h a t  p r edominan t l y  
affects  the  p u m p  ac t iv i ty  will  produce  ac t iva t ion  energy 
plots  paral le l  to bu t  h igher  t h a n  those  obta ined  for the  
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Fig, 1. A typical activation energy plot for the SCC measured across 
frog skin in aerated conditions (top plot) and during increasing 
conditions of anoxia (lower plots). 
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c o n t r o l  t issue.  I t  is be l i eved  t h a t  t h e  9 kca l /mole  cor- 
r e s p o n d s  to  a m o b i l i t y  a c t i v a t i o n  ene rgy  for pass ive  ion 
t r a n s p o r t  across  t h e  m ucos a l  m e m b r a n e .  I t  is supposed  
t h a t  t h e  ef fec t  of o c t a p e p t i d e  ho rmones ,  a ldos t e rone  a n d  
a m p h o t e r i c i n - B  is to  increase  t h i s  pas s ive  m o v e m e n t  of 
ions  across  t h e  mucosa l  m e m b r a n e  to  a r a t e  t h a t  t e n d s  
t o  exceed  t h e  a c t i v i t y  of t h e  e n z y m e  p u m p .  I n  t h e  s t e a d y  
s t a t e  t h e  p u m p  would  l i m i t  t h e  mucosa l  p e r m e a b i l i t y  b y  
p r o d u c i n g  a n  inc reased  level  of s o d i u m  in t h e  t r a n s p o r t  
pool,  whe rea s  t h e  reverse  s i t u a t i o n  would  ex i s t  if t h e  
m u c o s a l  p e r m e a b i l i t y  were  l imi t ing .  D u r i n g  ou r  a n o x i a  
t r e a t m e n t  i t  is poss ib le  to  ach ieve  a s t a t e  in  w h i c h  t he  
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Fig. 2. A typical activation energy plot for the SCC measured across 
frog skin in aerated conditions (-O-©-) and following oxytocin 
(10 mU/ml) treatment (top plot). The results obtained following 
increasing conditions of anoxia in the presence of oxy'toein are 
shown in the lower plots. 

p u m p  is l i m i t e d  to  such  a n  e x t e n t  t h a t  a t  lower  t e m -  
p e r a t u r e s  t h e  pass ive  p e r m e a b i l i t y  t e n d s  to  exceed  p u m p  
a c t i v i t y  whe rea s  t h e  r eve r se  is t r u e  a t  h i g h e r  t e m p e r a -  
tu res  once  t h e  p u m p  h a s  been  suf f i c ien t ly  a c t i v a t e d  
t h e r m a l l y .  

Cyclic A M P  (10-32Y/) or  t h e o p h y l l i n e  (I0-~3~r) a d d e d  
to  t o a d  b l a d d e r  in  a e r a t e d  cond i t ions ,  led t o  a n  inc reased  
sod ium t r a n s p o r t .  T h e  t h e r m a l  a c t i v a t i o n  ene rgy  meas -  
ured,  fo l lowing such  t r e a t m e n t ,  gave  a r ep roduc ib l e  
a c t i v a t i o n  e n e r g y  of 14 kca l /mole .  T h e  ef fec t  of  cyclic 
A M P  is t he r e fo re  be l i eved  to  i nvo lve  a n  effect  on  t h e  
ion p u m p  r a t h e r  t h a n  on  t h e  p e r m e a b i l i t y  of t h e  mucosa l  
m e m b r a n e ,  p r o b a b l y  b y  a c t i n g  as a source  for  inc reased  
s u p p l y  of A T P  to  t h e  A T P a s e  p u m p .  

Zusammen/assung. Es  wi rd  die T e m p e r a t u r a b h ~ n N i g -  
keNt zur  E n t s e h e i d u n g  t iber  d e n ,  a k t i v e n  >> oder  <,passiven ~ 
N a - T r a n s p o r t  in  de r  A m p h i b i e n h a u t  b e n i i t z t :  O x y t o c i n  
ver /~ndert  die N a - P e r m e a b i l i t R t ,  w~ihrend zykl isches  A M P  
( + T h o p h y l l i n )  e inen  a k t i v e n  Prozess  zu bee inf lussen  
schein t .  
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Multiple Forms of M o n o a m i n e  O x i d a s e  i n  D e v e l o p i n g  X e n o p u s  

T h e r e  h a s  r e c e n t l y  been  a g rowing  b o d y  of ev idence  
to  i n d i c a t e  t h a t  t h e  e n z y m e  m o n o a m i n e  ox idase  (MAO) 
is n o t  a s ingle  enzyme .  M e t h o d s  t h a t  h a v e  b e e n  e m p l o y e d  
to  d e m o n s t r a t e  i t s  m u l t i p l i c i t y  include,  d r u g  a n d  inh i -  
b i t o r  effects  1-4, a n i o n  i n h i b i t i o n  5, t h e r m o s t a b i l i t y  1.4 gel 
f i l t r a t i o n  a n d  d e t e r g e n t  ac t ion  6, cel lulose a c e t a t e  e lec t ro-  
phores i s  ~, p o l y a c r y l a m i d e  e l ec t rophores i s  4,s-1° a n d  p H  
o p t i m a  4. N o n e  of  t he se  s tud ie s  h a s  used  e m b r y o n i c  
t issues.  A d e v e l o p m e n t a l  s t u d y  of MAO f o r m s  shou ld  
b e  of i n t e r e s t  to  t hose  conce rned  w i t h  p r o b l e m s  of 
e n z y m e  a n d  m o n o a m i n e  d i f f e ren t i a t ion .  Th i s  p r o j e c t  
was  u n d e r t a k e n  us ing  mic roe lec t rophores i s  a n d  e m b r y o s  
of t h e  S o u t h  Af r i can  Clawed Toad ,  Xenopus taevis. 

Methods. A B i o n i x  p o l y a c r y l a m i d e  disc  e lec t rophores i s  
a p p a r a t u s  was  used. I t  has  been  desc r ibed  in some  de t a i l  
b y  i t s  designers ,  PUN a n d  LOMBROSO n.  A r u n n i n g  gel 
of 18 .75% a t  p H  8.7, a n d  a s t a c k i n g  gel of 2 .5% a t  p H  6.7 
were  used.  Xenopus e m b r y o s  were o b t a i n e d  b y  ar t i f ic ia l  
o v u l a t i o n  a n d  breed ing ,  a n d  s t aged  us ing  t h e  N o r m a l  
T a b l e  of NIEUWKOOP a n d  FABER 1~. S tages  7, 10, 18, 25, 
38, 40, 41, 42, 46, 47, a n d  48 were  se lec ted  to  tes t .  W h o l e  
e m b r y o s  in  g roups  of 4 were  h o m o g e n i z e d  in  250 ~1 of 
a 15% d e t e r g e n t  so lu t ion  ( 'Lub ro l '  f rom ICI  A m e r i c a  
I n c o r p o r a t e d ,  S t amfo rd ,  Conn.) .  Th i s  h a s  b e e n  shown  
to  b e  a n  ef fec t ive  a g e n t  in m i t o c h o n d r i a l  d i s r u p t i o n  for 
t h e  re lease  of MAOT. E a c h  h o m o g e n a t e  was  lef t  a t  3°C 
for  72 h,  a n d  t h e n  f rozen  a t  - - 3 0 ° C  u n t i l  used. B r a i n  

t i s sue  was  p r e p a r e d  in t h e  s a m e  way  us ing  100 b ra ins  
for  e ach  sample .  T h a w e d  h o m o g e n a t e s  were  cen t r i fuged  
in t h e  cold a t  20,000 × g  for I h. T h e  s u p e r n a t a n t  was  
r e m o v e d  a n d  m i x e d  w i t h  a n  e q u a l  v o l u m e  of an t i con -  
vec t i on  m e d i u m  of 0.521i r sucrose  in 0 . 0 2 ~ I  Tris a t  p H  6.7, 
c o n t a i n i n g  b r o m p h e n o l  b lue  i n d i c a t o r  n .  Cont ro l  p r epa ra -  
t i ons  were  m a d e  in  t h e  s a m e  way  e x c e p t  t h a t  ip ron iz id  
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