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tables  14 appl ied to  th is  da t a  showed t h a t  the  responses  of 
the  pseudo-opera ted  and  opera ted  animals  to t he  control  
t r ials  were essent ial ly  ident ical  (X 2 = 0.0006, p > 0.1). 
Thus,  des t roy ing  the  in tegr i ty  of /3ARTI~'S organ appa-  
r en t ly  did no t  grossly affect  t he  level of ac t iv i ty  in these  
animals  under  the  condi t ions  of the  exper iment .  W h e n  
the  tones  were presented ,  only 53% (16/30) of the  opera ted  
animals  responded,  bu t  76% (19/25) of t he  pseudo-oper -  
a ted  animals  responded.  The McNemar  t es t  was used to 
assess the  significance of th is  difference 1~. Table  I I  shows 
t h a t  the re  was no difference in t he  behav ior  of the  oper-  
a ted  animals  be tween  the  cont ro l  and  sound tr ials  (X 2 = 
0.235, p > 0.1). The pseudo-opera ted  animals  r e sponded  
s ignif icant ly  more  of ten  in the  sound tr ials  t h a n  in t he  
control  t r ia ls  (X ~ = 4.923, p < 0.05). This  means  t h a t  the  
opera ted  animals  seem to have  failed to  reac t  to t he  s t imu-  
lus, while the  pseudo-opera ted  animals  did react  to  it. 

This resul t  and  the  electrophysiological  evidence are 
bo th  cons i s ten t  w i th  the  view t h a t  BARTH'S organ is the  
only recep tor  in Ocypode sensi t ive to  high f requency  vibra-  
t ional  and acoust ic  st imuli .  As such, it  is analogous to t he  
subgenual  organs of insects  15-17, bu t  is poss ib ly  more  amen-  
able to  neurophysiological  s t u d y  t h a n  the  la t ter .  Al though  
m u c h  less s tud ied  in th is  regard  t h a n  insects,  m a n y  de- 
capod crus taceans  communica t e  w i th  acoust ic  signals 4-~, 11. 
BARTH'S organ p ro b ab l y  is the  recep tor  used for de tec t ion  
of these  signals,  at  least  for those  wi th  frequencies  above  
1 kHz,  and thus  m a y  be crucial for in t raspecif ic  communi -  
cat ion among  crustaceans .  

Zusammen/assung.  Nachweis  des B a r t h ' s c h e n  Myo- 
chordo tona l -Organs  bei der  K rab b e  Ocypode, als senso- 
rieller A p p a r a t  fiir hochf requente ,  akust ische  Signale. 
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Table II. Data for the McNemar statistic 

I. Operated animals (N = 30) 
control trials 

Department o/Physiology,  4C202 Medical Center, 
University o/ Utah Medical Center, Salt Lake City 
(Utah 84772, USA) ,  lO Ju ly  7973. 

Sound trials R NR 

NR 7 7 
R 6 10 

II. Pseudo-operated animals (N = 25) 
coptrol trials 

Sound trials R N R 

NR 2 4 
R 8 11 

R number responding; NR number not responding. 
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M i c r o s o m a l  N a §  N A D H -  C y t o c h r o m e  c Reductase :  Could it be Invo lved  
in S o d i u m  T r a n s p o r t ?  

During  the  last  few years,  there  has been m u c h  discus- 
sion abou t  the  poss ibi l i ty  of the  exis tence of more  t h a n  
one sodium p u m p  in absorb ing  epithelia.  The mos t  
convincing evidence has been ob ta ined  wi th  k idney  
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Fig. 1. Sensitivity of dog renal cortex microsomal NADH-cyte. 
reductase to sodium ions. Results express the increase in enzyme 
activity in the presence of different concentrations of sodium ions 
(in the form of NaC1) with reference to the basal level in the absence 
of sodium. 

p rox imal  tubu la r  cells 1 bu t  research wi th  various di f ferent  
epi thel ia l  cells has  suggested t h a t  the  d i c h o t o m y  is 
widespread.  One of t he  weak po in t s  of the  hypo thes i s  
remains  the  fact  tha t ,  whereas  it is general ly  accepted  
t h a t  sod ium-for -po tass ium exchange  is med ia t ed  by  a 
(Na+ + K+)-s t imula ted  ATPase  3, no indica t ion  has been 
fo r thcoming  as to  the  biochemical  na tu re  of the  second 
pump.  A plausible  cand ida te  for such a mechan i sm 
appeared  to  be af forded by  the  Na+-s t imula ted  N A D H -  
cy toch rome  c reduc tase  sys t em of microsomal  fractions,  
f i rs t  descr ibed by  SlmCEVlTZ 3. The p resen t  p re l imina ry  
survey  was unde r t aken  in an a t t e m p t  to  d iscover  any  
l ink be tween  th is  enzyme and  the  s o d i u m-p u mping  
sys t em of the  kidney.  Of the  var ious  cr i ter ia  l is ted by  
SKOIJ 4 for the  ident i f ica t ion  of an enzyme sys tem wi th  a 
p u m p i n g  mechanism,  we have  concen t ra t ed  on its 
cytological  location, i ts  sens i t iv i ty  towards  cat ionic 
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632 Speeialia EXPERIENTIA 30/6 

s t i m u l a t i o n ,  a n d  i t s  b e h a v i o u r  wi t t l  r e s p e c t  t o  i n h i b i t o r s ,  
a n d  we  h a v e  c o n c l u d e d  r e g r e t f u l l y  t h a t  t h i s  e n z y m e  is 
p r o b a b l y  n o t  r e s p o n s i b l e  for  s o d i u m  t r a n s p o r t  a c r o s s  cel l  
m e m b r a n e s  in  e p i t h e l i a l  cells,  a n d  i t s  p h y s i o l o g i c a l  
f u n c t i o n  r e m a i n s  a m y s t e r y .  

Methods. D o g  r e n a l  co r t ex ,  o r  i n t e s t i n a l  o r  co lon ic  
m u c o s a ,  w a s  h o m o g e n i s e d  as  d e s c r i b e d  p r e v i o u s l y  5 in  a 
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Fig. 2. Separation of activities of Na+-K+-ATPase (closed circles) al- 
kalille phosphatase (open circles), Na+-stimulated NADH-eyt.  c re- 
ductase (halved circles), and Na+-insensitive NADH-cyt.  c reductase 
(triangles), following free-flow eleetrophoresis. Results are the means 
of 5 experiments, and each point is expressed as a percentage of the 
highest activity. 

m i x t u r e  of 0.3 M s a c c h a r o s e  (80%)  a n d  Tvis/HC1 bu f f e r ,  
0.05 M p H  7.2 (20%) ,  w h i c h  a l so  c o n t a i n e d  1 m M  E D T A  
a n d  0 . 1 %  d e o x y c h o l a t e  (Tris-salt), t h i s  l a t t e r  b e i n g  
o m i t t e d  in  s o m e  e x p e r i m e n t s .  T h e  h o m o g e n a t e  w a s  
c e n t r i f u g e d  for  30 r a i n  a t  5 000 g, t h e n  t h e  r e s i d u e  w a s  
r e - h o m o g e n i s e d  a n d  r e - c e n t r i f u g e d  a t  t h e  s a m e  speed .  
T h e  r e s i d u e  f r o m  t h i s  c e n t r i f u g a t i o n  w a s  c o n s i d e r e d  t o  b e  
a n u c l e a r - m i t o c h o n d r i a l  f r a c t i o n .  T h e n  t h e  2 s u p e r n a t a n t s  
w e r e  m i x e d  a n d  r e - c e n t r i f u g e d  for  60 m i n  a t  110 ,000 g t o  
p r o v i d e  a m i c r o s o m a l  f r a c t i o n .  

M o s t  e n z y m e  s t u d i e s  w e r e  p e r f o r m e d  o n  t h e  c r u d e  
f r a c t i o n s  o b t a i n e d  i n  t h i s  f a s h i o n .  F o r  m o r e  e x a c t  c y t o -  
log ica l  l o c a t i o n  of  t h e  N a + - s t i m u l a t e d  N A D H - c y t .  
c r e d u c t a s e ,  m e m b r a n e  f r a c t i o n s  w e r e  p r e p a r e d  f r o m  r a t  
k i d n e y  c o r t e x  b y  d i f f e r e n t i a l  c e n t r i f u g a t i o n  a n d  a p p l i e d  
to  a p r e p a r a t i v e  f r e e - f l ow  e l e c t r o p h o r e s i s  a p p a r a t u s ,  a s  
d e s c r i b e d  ea r l i e r  s. 

T h e  l eve l  of  N A D H - c y t .  c r e d u c t a s e  w a s  d e t e r m i n e d  in  
a r e c o r d i n g  d o u b l e - b e a m  s p e c t r o p h o t o m e t e r  ( P e r k i n -  
E l m e r / H i t a c h i  124) b y  m e a s u r i n g  t h e  r a t e  o f  c h a n g e  of  
e x t i n c t i o n  a t  550 r im.  A l i q u o t s  of  e n z y m e  s u s p e n s i o n  
( p r o t e i n  c o n t e n t ,  a p p r o x .  0 . 0 1 % )  we re  i n c u b a t e d  a t  37 ~ 
in  t h e  p r e s e n c e  of 1 mjkr  N A D H ,  0 . 1 %  c y t o c h r o m e  c, 
0.33 m M  K C N  a n d  10 m M  Tris/HC1 bu f f e r ,  p H  7.8 
( t o t a l  v o l u m e ,  0.5 ml) .  T h e  N A D H  w a s  o m i t t e d  f r o m  t i le  
b l a n k .  S o d i u m  i o n s  ( g e n e r a l l y  100 m M )  w e r e  a d d e d  t o  
a p p r o p r i a t e  s a m p l e s ,  a n d  t h e  a c t i v i t y  of  t h e  s o d i u m -  
s t i m u l a t e d  e n z y m e  d e t e r m i n e d  b y  t h e  d i f f e r e n c e  in  
a c t i v i t y  ii1 t h e  p r e s e n c e  a n d  a b s e n c e  of  t h e s e  ions .  A T P a s e  

a j .  W. L. ROBINSON, V. IVJ[IRKOVITCH, J. BORGEAUD and M. CAM- 
PICHE, Biomedicine 78, 206 (].973). 

s H.-J. HEIDRICH, R. KIN~E, E. KINNE-SAFFRAN and K. HAI~NIG, 
J. Cell Biol. 5d, 232 (1972). 

Distribution of enzymes, effect of ageing and of deoxycholate in different fractions of dog renal cortex homogenates 

Na+-K+-ATPase Na+-stimulated NADH-cyt.e reduetase Na+-iudependelit NADH-cyt.c reductase 

Total homogenate 

Without  DOC (day 1) 16 46 65 
Without  DOC (day 3) 24 46 63 
With DOC (day 1) 41 56 60 
With DOC (day 3) 38 62 72 

Nuclear-mitoehondrial fraction 

Without  DOC (day 1) 23 31 103 
Without  DOC (day 3) 16 31 93 
With DOC (day 1) 42 0 66 
With DOC (day 3) 46 0 82 

Mierosomal fraction 

Without  DOC (day 1) 55 101 159 
Without  DOC (day 3) 47 109 108 
With DOC (day 1) 85 120 104 
With D o e  (day 3) 107 81 99 

Superliatalit 

Without DOC (day 1) 10 7 21 
Without  DOC (day 3) 6 5 18 
With DOC (day 1) 16 18 23 
With DOC (day 3) 9 8 19 

Total homogenates of dog renal cortex were prepared in saecharose[fris/EDTA with or without 0.1% deoxycholate. The levels of Na+-K +- 
ATPase, NADH-eyt .c  reductase, and Na+-stimulated NADH-eyt .c  reductase were determined in nuclear-mitoehondrial and microsomal 
fractions, in supernatant  and in the original homogenate. The results are the means of 4 different experiments. The units of Na+-K +- 
ATPase are nmoles of phosphate liberated per rain and per mg protein, while tile units of the NADH-cyt .c  reductases are nmoles of cyt.c 
oxidised per rain and per mg protein (molar coefficient of extinction of cytochrome c oxidation taken as 18.5). 
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a n d  a lka l ine  p h o s p h a t a s e  ac t iv i t i e s  were d e t e r m i n e d  as 
descr ibed  p rev ious ly  5, 7. 

Results. The  basa l  a c t i v i t y  of N A D H - c y t .  c r educ ta se  
in dog rena l  cor tex  mic rosomes  is a b o u t  100 n m o l e s / m g  
p r o t e i n / m i n  a n d  is a p p r o x i m a t e l y  doub led  in t h e  pre-  
sence of 100 m M  sod ium ions. T he  s t i m u l a t i o n  of t h e  
e n z y m e  in t he  presence  of d i f fe ren t  NaC1 c o n c e n t r a t i o n s  
is i l l u s t r a t ed  in F igure  1 where  i t  can  be obse rved  t h a t  
m a x i m a l  s t i m u l a t i o n  is a t t a i n e d  a t  a c o n c e n t r a t i o n  of 
75 raM.  H i g h  c o n c e n t r a t i o n s  of sod ium b e c o m e  inh ib i to ry .  
A s imi la r  s t i m u l a t i o n  is encoun t e r ed  w h e n  sod ium chlor ide  
is rep laced  w i t h  sod ium su lpha te .  P o t a s s i u m  ions h a v e  the  
same effect  as sodium,  t he  s t i m u l a t i o n  b y  chol ine  chlor ide  
is less t h a n  t h a t  obse rved  w i t h  sod ium or po tass ium,  b u t  
m a n n i t o l  of t h e  s ame  ton i c i t y  ha s  no  effect. M a g n e s i u m  
ions, surpr is ingly ,  are  i nh ib i t o ry .  

S tudies  w i t h  inh ib i to r s ,  a n d  t he  e lec t rophore t ic  d a t a  
p r e sen t ed  below, sugges t  t h a t  a t  leas t  2 d i f fe ren t  e n z y m e  
sys tems  are p r e sen t  in th i s  p r epa r a t i on ,  one wh ich  is 
s t i m u l a t e d  b y  sod ium a n d  one wh ich  is not .  R o t e n o n e  
on ly  inh ib i t s  t he  e n z y m e  t h a t  is insens i t ive  to  sodimn.  
A n t i m y c i n  affects  n e i t h e r  enzyme,  nor  does ouaba in .  
E t h a c r y n i c  acid (1 m M )  h a d  no cons i s t en t  effect.  

The  presence  of a mic rosoma l  N a + - s t i m u l a t e d  N A D H -  
cyt.  c r educ ta se  appea r s  widespread ,  since an  enzyme  
w i t h  essent ia l ly  iden t ica l  p roper t i e s  was loca ted  in the  
k idneys  of dogs, r a t s  and  guinea-pigs ,  in  t he  gu inea-p ig  
a n d  dog smal l  in tes t ine ,  and  in t he  dog colonic mucosa .  
I t s  presence  in t h e  r a t  l iver  has  been  descr ibed  previous-  
ly a . 

Var ious  a t t e m p t s  a t  def in ing  t h e  cytological  loca t ion  
of t he  e n z y m e  were ca r r ied  out .  Firs t ,  as seen in t h e  
Table,  i t  occurs  a l m o s t  exclus ively  in t he  mic rosomal  frac- 
t ion,  whereas  t he  Na+- insens i t ive  homologue  occurs  b o t h  
in t he  n u c l e a r - m i t o c h o n d r i a l  and  t he  mic rosoma l  frac- 
t ions .  N a + - K + - A T P a s e  p r e p a r a t i o n s  h a v e  been  shown  to 
be  enr iched  in  t h e  p resence  of deoxycho l a t e  a n d  on  
age ing  for  48 h a t  0~ in t he  presence  of t he  de te rgen t ,  
due  p r o b a b l y  to  open ing  of closed vesicles s. D eoxycho l a t e  
e l imina t ed  all  a c t i v i t y  of t he  N a + - d e p e n d e n t  N A D H - c y t .  
c r educ ta se  f rom t he  n u c l e a r - m i t o c h o n d r i a l  f ract ion,  
t h o u g h  N a + - K + - A T P a s e  a c t i v i t y  was c o n c o m i t a n t l y  
increased in  t h i s  f rac t ion.  Thus ,  t a k e n  toge the r ,  these  
f ind ings  sugges t  t h a t  t he  r educ ta se  is n o t  loca ted  w i t h i n  
t h e  same m e m b r a n e  as t he  Na+-K+-ATPase .  

Soph i s t i ca t ed  s epa ra t i on  t echn iques  (free-flow electro-  
phoresis)  were appl ied  to  c rude  m e m b r a n e  f rac t ions  f rom 
r a t  k i d n e y  cortex,  and  t he  a c t i v i t y  of t he  enzyme,  as well  
as t h a t  of o the r  m a r k e r  enzymes,  was  d e t e r m i n e d  in t h e  
f rac t ions  e lu t ing  f rom t he  e lec t rophores i s  (Figure 2). I t  
was  found  t h a t  t he  N a + - s t i m u l a t e d  N A D H - c y t .  c reduc t -  
ase d id  n o t  follow e i the r  t he  e lu t ion  p a t t e r n  of Na+-K +- 
A T P a s e  or t h a t  of a lka l ine  p h o s p h a t a s e .  Secondly,  t h e r e  
was a n o t a b l e  dif ference in e lu t ion  p a t t e r n  of t he  Na  +- 
s t i m u l a t e d  a c t i v i t y  f rom t h a t  of t h e  Na+- insens i t ive  
N A D H - c y t .  c reductase .  

Discussion. The  resul t s  disclosed in t he  p r e s en t  su rvey  
would a p p e a r  to  p rec lude  t h e  poss ib i l i ty  t h a t  t he  Na+- 
s t i m u l a t e d  N A D H - c y t .  c r educ tase  a c t i v i t y  in  mic rosomal  

f rac t ions  m i g h t  be  i n v o l v e d  in m e m b r a n e  sod ium t r ans -  
por t ,  a n d  to  r ender  unneces sa ry  in  t h e  p r e sen t  c o n t e x t  a 
more  p r o f o u n d  s t u d y  of t he  enzyme.  T h u s  i t  does no t  
seem to  be  loca ted  in e i the r  of t he  p l a s m a  m e m b r a n e s  of 
t h e  p r o x i m a l  t u b u l a r  cell, i ts  s t i m u l a t i o n  b y  sod ium is no t  
specific for  t h a t  ion, a n d  i t  is no t  a f fec ted  b y  e t h a c r y n i c  
acid, wh ich  is a p p a r e n t l y  a specific i n h i b i t o r  of t he  oua-  
ba in - in sens i t i ve  sod ium p u m p  ill t h i s  t i ssue  1, ~. T h u s  t he  
e n z y m e  fails to  fulfil  t h r e e  of t he  v i t a l  r e q u i r e m e n t s  for 
i den t i f i ca t ion  w i t h  s o d i u m - p u m p i n g  ac t iv i ty .  

The  b iochemica l  role of t h i s  e n z y m e  (which was dis- 
cussed p rev ious ly  b y  SIEKEVITZ 3) has  no t  been  clarif ied 
b y  t he  p r e sen t  inves t iga t ions .  I t  is k n o w n  t h a t  t he  micro-  
somal  c y t o c h r o m e  reduc tases  are  e x t r e m e l y  complex  s -n .  
However ,  i t  seems t h a t  ~t  leas t  the N a + - s t i m u l a t e d  frac-  
t i on  is no t  b o u n d  to  e i the r  p l a s m a  m e m b r a n e .  The  
poss ib i l i ty  r e m a i n s  t h a t  i t  is ident ica l  w i t h  t h e  ro tenone-  
insensi t ive ,  a n t i m y c i n - i n s e n s i t i v e  N A D H - c y t .  c r educ tase  
of t he  golgi a p p a r a t u s  descr ibed  b y  FLEISCHER a t  al. 1~ 
who  u n f o r t u n a t e l y  d id  no t  t e s t  t he  ion s ens i t i v i t y  of t he i r  
e n z y m e  1~. 

Rdsumd. E n  pr6sence de sodium,  l ' a c t iv i t6  t o t a l e  de la  
N A D H - c y t o c h r o m e  c r6duc tase  r6nale  6 taf t  doubl~e;  le 
p o t a s s i u m  i n d u i t  le m~me ef ie t  s t imu la t eu r .  Cet te  e n z y m e  
sensible  aux  ca t ions  n ' e s t  inh ib6e  ni pa r  la ro t6none  ni p a r  
l ' an t imyc ine .  Elle 6taf t  6ga lement  insens ib le  s l ' o u a b a i n e  
et  A l 'ac ide  6 thac ryn ique .  Des exp6r iences  dest in6es  
r6vdler sa loca l i sa t ion  cy to log ique  n ' o n t  que par t ie l le-  
meri t  r6ussi :  l ' e n z y m e  ne  semble  pas  ~tre  associ6e a la 
m e m b r a n e  de Ia b o r d u r e  en brosse,  ni  ~ la m e m b r a n e  
p6r i tubu la i re .  Ces r6su l t a t s  sugg6ren t  qu 'e l le  n ' e s t  pas  
impl iqu~e  dans  les m 6 c a n i s m e s  des p o m p e s  s sodium.  
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Young and Old Rats.  ATP, Alkaline Phosphatase ,  Cholesterol and Protein Levels in the Blood; 
D N A  a n d  R N A  Contents of the Liver. Regulation by an Aqueous Thymus  Extract 

Var ious  a u t h o r s  h a v e  a t t r i b u t e d  to  t he  t h y m u s  a n  a u t h o r s  2-4 h a v e  suggested  t h a t  ag ing  could depend  on  a n  
i m p o r t a n t  role in  t he  phys io logy  of d e v e l o p m e n t  1. I n  immuno log i ca l  d isorder ,  PANTALOURIS 5 has  p o s t u l a t e d  
add i t ion ,  since t he  i n v o l u t i o n  of t he  t h y m u s  also en ta i l s  a t he  hypo thes i s  of a d i rec t  cor re la t ion  be tween  t he  t h y m u s  
genera l  decl ine of i m m u n o c o m p e t e n c e ,  and  d i f f e ren t  a n d  senescence.  


