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ABSTRACT: Isolated posterior gills of shore crabs, Carcinus maenas, previously accl imated for at 
least 1 month to brackish water  of 10 %o S, were connected  with an  artificial hemolymph  circulation 
by means of thin  polyethylene tubings.  Gills were symmetrical ly perfused and  ba thed  with 50 % 
sea water. Transepi thel ia l  potent ial  differences (PDs) and fluxes of sodium be tween  medium and  
blood were measured  under  control condit ions and following reductions of PDs by means  of 5 mM 
internal  (blood side) ouabain,  0.5 mM internal  and  external  (bathing medium) NaCN or by 
exhaust ion of energy  reserves along with a prolonged perfusion period of more than 9 h. In these 
experiments  22Na was used as tracer. Each of the three modes of reducing t ransepi thel ia l  potent ial  
differences resulted in a decrease  in sodium influxes from 500-1000 [tmoles g-1 h-1 to 250-400 
F, moles g ~ h -I. The f indings suggest  that  sodium influx, which  normally great ly exceeds  efflux, was 
diminished by its active component .  The remain ing  non- inh ib i tab le  influx equals  efflux values. Our 
findings thus indicate  that  efflux is completely passive, whi le  influx has  - bes ide  a passive 
component  of efflux magni tudes  - an  addi t ional  active portion which is much larger  than  the 
passive component.  Since ouaba in  is a specific inhibi tor  of the Na-K-ATPase, our results confirm 
previous findings (Siebers et al., 1985) that  the basolateral ly  located Na-K-ATPase genera tes  the 
t ransepi thel ia l  potential  difference in the gills, which  is inside negat ive  by about  6-12 mV. 
Inhibit ion of the active portion of sodium influx by internal  ouaba in  along with reduced  PDs 
suggests that  t ransepi thel ia l  PDs genera ted  by the branchia l  sodium pump are the  driving force for 
active sodium uptake  in hyperregula t ing  brackish  water  crabs. 

I N T R O D U C T I O N  

M o s t  m a r i n e  i n v e r t e b r a t e s  a re  s t e n o h a l i n e  o s m o c o n f o r m e r s  w h i c h  a r e  - w i t h i n  

n a r r o w  b o u n d a r i e s  - d e p e n d e n t  o n  o c e a n i c  s a l i n i t y  l eve l s .  T h e  f e w  e u r y h a l i n e  s p e c i e s  

c a p a b l e  of t e m p o r a r i l y  or  p e r m a n e n t l y  i n h a b i t i n g  b r a c k i s h  w a t e r  h a v e  to c o u n t e r a c t  

p a s s i v e  i n f l u x  of w a t e r  a n d  loss  of s a l t s  b y  m e a n s  of a c t i v e  u p t a k e  of ions .  In c r u s t a c e a n s  

a n d  f i shes  i on  f l u x e s  o c c u r  m a i n l y  a c r o s s  t h e  gi l ls .  B r a c k i s h  w a t e r  i n v e r t e b r a t e s  h y p e r r e -  

g u l a t e  t h e i r  b o d y  f lu ids  w i t h  r e s p e c t  to  t h e  a m b i e n t  m e d i u m .  O n l y  f e w  b i v a l v e s ,  

i n c l u d i n g  Mytilus edulis, do  n o t  n e e d  to  h y p e r r e g u l a t e  w h e n  i n h a b i t i n g  b r a c k i s h  w a t e r .  

T h e i r  t i s s u e s  a r e  t o l e r a n t  to  c o n s i d e r a b l e  d i l u t i o n .  F i n a l l y ,  a l l  f r e s h w a t e r  a n i m a l s ,  

w i t h o u t  e x c e p t i o n ,  a r e  e f f e c t i v e  h y p e r r e g u l a t o r s .  

S u c c e s s f u l  t h r i v i n g  of a n i m a l s  in  b r a c k i s h  w a t e r  a n d  f r e s h  w a t e r  t h e r e f o r e  d e p e n d s  

o n  t h e i r  c a p a c i t y  for a c t i v e  i o n  u p t a k e ,  w h i c h  p r o c e e d s  a g a i n s t  t h e  g r a d i e n t  f rom t h e  
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a m b i e n t  wa te r  across the gi l ls  into the body  fluids. Act ive  ion t ransport  is performed by 
means  of ion p u m p s  consuming  ATP for ene rg i z ing  the uphi l l  t rans locat ive  step. Our 
work  has  in the pas t  b e e n  devo ted  to the role of the  sod ium pump  in hyper regu la t ing  
shore crabs,  Carc inus  m a e n a s  (Siebers  et al., 1982; 1983). This pump,  the Na-K-ATPase,  
is l oca ted  within  the  basolateral  m e m b r a n e s  of the ep i the l i a l  cells  in the gil ls  of the 

crabs.  
Using an  i so la ted  pe r fused  gi l l  p r epa ra t i on  S iebers  et al. (1985) demons t ra t ed  that  

the  sod ium p u m p  g e n e r a t e s  a t r ansep i t he l i a l  po ten t i a l  d i f ference  (PD) b e t w e e n  ex te rna l  
m e d i u m  and  blood.  This  PD rep resen t s  an  in te rna l  e l ec t ronega t iv i ty  of about  6-12 mV. 
The  po ten t i a l  d i f fe rence  equa l s  the  sod ium p u m p  in al l  p rope r t i e s  inves t iga ted ,  among 
them d e p e n d e n c e  on b io log ica l  e n e r g y  (ATP), sa l in i ty  and  Na concentra t ion,  suscepti-  
b i l i ty  to d e p l e t i o n  of in te rna l  (blood side) K and  to the  add i t i on  of in te rna l  ouabain .  
These  f ind ings  l ed  to the  sugges t ion  that  the  in te rna l  nega t iv i ty  g e n e r a t e d  by  the sodium 
p u m p  rep resen t s  an  act ive t ranspor t  po ten t i a l  wh ich  is the  dr iv ing  force for uphi l l  
m o v e m e n t  of Na. 

It is the  a im of this pub l i ca t i on  to p re sen t  e x p e r i m e n t a l  ev idence  for our assumpt ion  
of a d i rec t  re la t ion  b e t w e e n  the t r ansep i the l i a l  po ten t ia l  d i f ferences  and  fluxes of 
sodium.  If, as we  hypothes ize ,  the po ten t ia l  d i f ference  is the  dr iv ing  force for active 
u p t a k e  of Na, then  al l  p rocedures  r educ ing  the m a g n i t u d e  of this PD should  resul t  in a 
reduc t ion  of act ive inf lux of Na. As effectors of PD we e m p l o y e d  in terna l  ouaba in  and 
CN- ions and  m a d e  use of dec reases  in ava i l ab l e  b io log ica l  ene rgy  occurr ing a long with 
the  p r o c e e d i n g  dura t ion  of the  e x p e r i m e n t a l  t ime. The  PD is adve r se ly  affected by 
symmet r i ca l ly  a p p l i e d  CN-  ions in a c o n c e n t r a t i o n - d e p e n d e n t  mode  (Winkler,  personal  
communica t ion) .  

MATERIALS AND METHODS 

E x p e r i m e n t a l  a n i m a l s  

Ma le  and  female  shore crabs, Carc inus  mae n a s ,  were  ob t a ined  from f i shermen in 
Kiel, FRG (Baltic Sea). We used  only adul t s  wi th  a ca rapace  wid th  of approx.  6 cm. 
Methods  of m a i n t e n a n c e  of crabs unde r  l abora to ry  condi t ions,  feeding,  f i l ter ing of sea 
wa te r  and  b rack i sh  water ,  acc l ima t ion  t empera tu res ,  sal ini t ies ,  and  l ight  condit ions 
were  the  same  as p rev ious ly  r epor ted  (Siebers  et  al., 1985). 

P e r f u s i o n  t e c h n i q u e  

The  afferent  and  efferent  b lood  vesse l s  of exc i sed  i nd iv idua l  pos ter ior  gi l ls  (7-9) 
we re  connec ted  wi th  a p u m p - d r i v e n  ar t i f ic ial  c i rcula t ion  by  means  of fine po lye thy lene  
tub ings  and  pe r fused  at  a f low rate  of 0.13 ml min -1 wi th  50 % sea  wa te r  (445 mOsm kg -1 

200 m M  Na). External ly ,  as ba th ing  med ium,  the  same  d i lu ted  sea  wa te r  was 
emp loyed .  Perfusion and  b a t h i n g  m e d i u m  were  connec t ed  to Ag/AgC1 reference  elec- 
t rodes  (model  373, Ingold,  Frankfurt ,  FRG} i m m e r s e d  in sa tu red  KC1 by means  of agar  
b r i d g e s  (3 % aga r  in 3 M KC1). T ransep i t he l i a l  po ten t i a l  d i f ferences  which  are  spontane-  
ous ly  g e n e r a t e d  by  the  g i l l  e p i t h e l i u m  b e t w e e n  ex te rna l  (bathing} and  in ternal  (perfu- 
sion) m e d i u m  were  m e a s u r e d  wi th  a sens i t ive  mi l l ivo l tme te r  (Beckman Select ion 5000} 
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connected with the electrodes (for further detai ls  of PD measu remen t s  see Siebers  et al., 
1985). 

Using the same solut ion symmetr ica l ly  on the external  and  the in terna l  side of the 
epi thel ial  cell is the method to be chosen w h e n  the gene ra t ion  of asymmetry  (diffusional, 
passive) PDs is to be  avoided and  only symmetry  PDs (active t ransport  potentials)  are to 
be measured.  It was shown by Siebers et al. (1985) that 50 % sea water  can be 
successfully used as a perfus ing m e d i u m  ins tead  of crab Ringer  solution, and  that 
addi t ion of nut r ients  (amino acids, glucose) and  NH4C1 is not  necessary  because  the gil l  
can genera te  PDs over hours ut i l iz ing its own energy  sources. 

S o d i u m  f l u x e s  

Sodium fluxes were measured  by means  of 22Na (Amersham) used as a tracer at the 
specific activity of 1 mCi per mole Na. In order to measure  influx, l abe led  sodium was 
appl ied externally,  and occurrence of 22Na was quant i ta t ive ly  moni tored  over 4 subse- 
quent  periods of 10 min  internal ly ,  e. g. at the exit of the tube  inser ted into the efferent 
vessel of the gill. 

After measur ing  influx, 22Na was changed  from the ba th ing  to the perfusing 
medium. The gill was f lushed unde r  the new  condit ions for 20 rain prior to measu r ing  
efflux. When  efflux was to be measured  22Na was moni tored dur ing  the same intervals  in 
the ba th ing  medium.  This relat ively long procedure  of measur ing  influx and  efflux for 40 
min each was performed unde r  control condit ions and  after affecting the PD by means  of 
inhibitors. 

The fluxes of Na were calculated according to the fol lowing equat ion:  

Na-flux [~tmoles (g fresh weight) -1 • h -1] --- cpm " C N a  " 6 " 103 
[cpm • (ml standard) -1] • fresh weight  

where cpm ---- radioactivi ty of 22Na be ing  t ransported from external  to in te rna l  m e d i u m  
(influx) or vice versa (efflux) wi thin  the exper imenta l  period of 10 rain; CNa = concentra-  
t ion of u n l a b e l e d  Na (raM) in brackish water  of 445 mOsm kg -1, a m o u n t i n g  to 200 mM 
Na (Winkler  et al., 1982); cpm (ml standard) -1 = radioact ivi ty of 22Na per  ml 50 % sea 
water, appl ied  external ly  (influx) or in te rna l ly  (efflux); and  fresh weight  = weight  of the 
gill  {rag) after careful blot t ing be tween  paper  towels. 

RESULTS 

Effects  of o u a b a i n  

Gill 7 of a shore crab, C. m a e n a s ,  previously accl imated to brackish  water  of 10 %o S 
for at least 1 month  was perfused and ba thed  with 50 % sea water  (445 m O s m  kg-1). As 
shown in Figure 1, a re la t ively stable t ransepi the l ia l  PD developed,  a moun t i ng  to about  
- 7  mV (hemolymph side negative).  When, after 2 h run  unde r  control conditions,  5 mM 
ouaba in  was added to the perfus ing medium,  PD increased  to about  --1 mV wi th in  
approx. 1.5 h. The increase was characterized by a faster ini t ia l  and  a slower subsequen t  
phase. 

The periods of measur ing  influx and  efflux of Na unde r  control condit ions and  
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Fig. 1. Carcinus m a e n a s .  Transepithelial  potential  differences and sodium fluxes in an isolated 
posterior" gill  in absence  and  in the presence  of 5 mM internal  ouabain.  Gill 7 of a crab acclimated to 
a salinity of 10 o/~ was perfused and ba thed  with 50 % sea water. For t racing we used 22Na. Standard 
deviat ions of Na fluxes were calculated us ing the results of 4 subsequen t  measurements  of 10 min 

each 
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fol lowing ouabain  appl ica t ion  are ind ica ted  on the abscissa of Figure  1, Sodium influx 
under  control condit ions (815 ~moles g fresh we igh t  -1 h -1) was much  h igher  than efflux 

(350 ~tmoles g-1 h-i). Internal ly  app l i ed  ouaba in  affected only the influx of sodium, 
reduc ing  it to efflux values.  Rates of eff lux r e m a i n e d  unaf fec ted  by ouabain.  Essential ly,  

dur ing ouabain  t rea tment  influx e q u a l l e d  efflux. The  data  on PDs and Na fluxes shown 
in Figure  1 refer to results  ob ta ined  from an ind iv idua l  gill.  Tab le  1 shows the results  in 

terms of means  and s tandard  devia t ions  ob ta ined  from a sample  size of 6 gills. These  

results confirm the f indings shown for a s ingle  gil l  in F igure  1. 

Table 1. C a r c i n u s  m a e n a s .  Transepithelial potential differences (PD) and Na-fluxes in isolated, 
perfused, posterior gills (7) in absence (control) and in the presence of 5 mM internal ouabain. The 
crabs were acclimated to a salinity of 10 %0 S for more than 1 month. During perfusion the gills were 
symmetrically exposed to 50 % sea water used as perfusing and bathing medium. Data represent 
means and standard deviations obtained from a sample size of 6 gills. For time schedules of flux 

measurements see Figure 1 

Experimental Potential differences Na-fluxes 
conditions (mY) (~tmoles g fr. w,-lh -1) 

Influx control - 6.5 _--2 0.4 686 ± 109 
Efflux control -- 6.3 _ 0.3 366 + 30 

Influx ouabain -- 1.2 _ 0.2 368 ± 45 
Efflux ouabain - 1.1 ± 0.3 355 ± 53 

Ef fec t s  of N a C N  

Perfusing and ba th ing  posterior  gills wi th  50 % sea water  resu l ted  in a PD of approx. 

- 5 . 5  mV (Fig. 2). Symmetr ica l  appl ica t ion  of 0.5 mM N a C N  instant ly abol i shed  this 
internal  negativi ty.  PDs increased  to about  - 0 . 7  mV. Correspondingly ,  inf luxes of Na 
were  r educed  from 515 to 230 ~moles g fresh we igh t  -1 h -1. 

E x h a u s t i o n  of e n e r g y  r e s e r v e s  

After hav ing  near ly  comple te ly  abol i shed  the t ransep i the l ia l  potent ia l  d i f ference 

across the gil l  ep i t he l i um by ouaba in  or N a C N  in the 2 p r e c e d i n g  exper iments ,  an 
at tempt was m a d e  to affect the PD without  appl ica t ion  of a chemica l  agent .  We carr ied  

out a long expe r i men t  dur ing  which  the PD s teadi ly  increased  from - 5  mV towards  
0 mV, reaching  - 2 . 7  mV after 9 h (Fig. 3). Using fluxes of 22Na and the concent ra t ion  of 

un labe led  Na, in- and efflux of total Na were  ca lcula ted  (see "Mater ia l s  and Methods") .  
While Na influx dec reased  from about  980 ~moles g fresh we igh t  -1 h -1 at the b e g i n n i n g  

of the exper iment  to about  550 ~moles g-1 h-1 at the end, eff luxes r ema ined  vir tual ly  
unchanged .  
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Fig. 2. C a r c i n u s  m a e n a s .  Transepithel ial  potential  differences and influxes of sodium in isolated 
posterior gi l ls  in absence  and in the presence  of symmetrical ly  appl ied 0.5 mM NaCN. Gill 7 of 
crabs accl imated to a salinity of 10 %o was  perfused and bathed with 50 To sea water. For tracing we  
used 22Na. Data represent means  4- standard deviations {vertical bars} obtained from a sample size 

of 5 gills. For t ime schedules  of influx measurements  see  "Materials and Methods" 

DISCUSSION 

A c t i v e  u p t a k e  o f  s o d i u m  

T h e  r e m a r k a b l e  l o n g e v i t y  of  t h e  g i l l  a l l o w s  m e a s u r e m e n t s  of  PD s  a n d  N a - f l u x e s  

o v e r  e x t e n d e d  e x p e r i m e n t a l  p e r i o d s  of  ca.  9 h (Fig.  3) or m o r e .  C o n s i d e r i n g  al l  three  
e x p e r i m e n t s  (Fig.  1 - 3 )  as  a w h o l e ,  it  b e c o m e s  e v i d e n t  tha t  i n f l u x e s  of  N a  u n d e r  control  
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Fig. 3, C a r c i n u s  m a e n a s ,  Transepithelial  potential  differences and sodium fluxes in an isolated 
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was perfused and bathed with 50 % sea water. For tracing we used 22Na. Standard deviations of Na- 

fluxes were obtained from 4 subsequent  measurements  of 10 min each 
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condi t ions  (500-1000 mmoles  g-1 h-l) were  a lways  much  h igher  than  effluxes (250-400 
mmoles  g-1 h-l). We  cons ider  eff luxes as the  p e r m a n e n t l y  p roc e e d ing  pass ive  ou tward  
m o v e m e n t  of sod ium which  is a c c o m p a n i e d  b y  a pass ive ,  diffusional  inf lux of the  same  
magn i tude .  The  poten t ia l  d i f ference  resul t ing  from equa l  in- and  outflux of N a  is zero. 
That  propor t ion  of influx which  s ignif icant ly  exceeds  efflux is the  active componen t  of 
the  total  influx. On ly  this act ive influx componen t  is coup led  to the  potent ia l  d i f ferences  
measu red .  Efflux thus consists of one (passive) c o m p o n e n t  and  influx of a pass ive  and an 
addi t iona l  act ive portion, w h e r e  both pass ive  componen t s  are  equal .  The active compo- 
nen t  of inf lux is usua l ly  much  l a rge r  - b e t w e e n  60 and  80 % of the  total  influx - than the 
pass ive  port ion.  

The  resul ts  p r e s e n t e d  ind ica te  that  inhibi t ion  of Na-f luxes  by  ouabain ,  CN-  ions or 
as a resul t  of e x h a u s t e d  e n e r g y  rese rves  only af fec ted the  active port ion of the influx, 
r educ ing  it to the  non- inh ib i t ab le  pass ive  componen t .  Effluxes were  not affected. 

L o c a l i z a t i o n  of t h e  s o d i u m  p u m p  

In order  to d e m o n s t r a t e  the  par t ic ipa t ion  of the  Na-K-ATPase  in N a - u p t a k e  of 
h y p e r r e g u l a t i n g  b rack i sh  wa te r  inver tebra tes ,  o u a b a i n  has  in the  pas t  b e e n  app l i ed  in 
vivo. M a n g u m  et al. (1979) kep t  clams,  Rangia cuneata, in very  di lute  b rack ish  wate r  
m e d i a  of 1-2 %0 S, w h e r e  they  effect ively hype r r egu la t e .  Addi t ion  of 10-4 M ouaba in  to 
the  a m b i e n t  m e d i u m  r e d u c e d  b lood NaC1 by  one  half. Ouaba in ,  as the authors  suppose,  
p e r m e a t e d  from the m e d i u m  to the  blood,  thus  affect ing the NaC1 ratio b e t w e e n  med ium 
and  b lood  at  the  basa l  side.  

O u a b a i n  r e d u c e d  se rum osmolal i t ies  in crabs,  Carcinus maenas, kep t  in b rack ish  
wa te r  of 9 -10  %0 S, only  w h e n  in jec ted  into the  h e m o l y m p h  (1 and  5 . 1 0  -5 M) but  had  no 
effect  w h e n  d isso lved  in a m b i e n t  wa te r  (10 -4 M) (Siebers  et  al., 1982). This f inding 
suppor t s  the  a s sumpt ion  that  the  sod ium pump,  which  is specif ical ly  inh ib i ted  by  the 
drug,  is l oca ted  at  the  basa l  s ide of the  ep i the l ia l  cells. 

PSqueux  & Gi l les  (1981) pe r fused  gi l ls  of the  Ch inese  crab, ErJocheir sinensis, 
acc l ima ted  to fresh water ,  us ing  a t e chn ique  e s sen t i a l l y  equa l  to ours. Though  not 
exp l ic i t ly  c o m m u n i c a t e d  w e  suppose  tha t  these  authors  - in thei r  expe r imen t s  with 
ouaba in  - a p p l i e d  a s y m m e t r y  condi t ions  wi th  respec t  to sa l in i t ies  and  sod ium concen-  
t ra t ions  in per fus ion  and  ba th ing  sal ines .  They  found that  in pos ter ior  gi l ls  of E. sinensis 
10 -3 M o u a b a i n  i nh ib i t ed  Na- in f lux  only if a p p l i e d  outs ide;  add i t ion  of the  drug  to the 
per fus ion  sa l ine  had  no s ign i f ican t  effect. PSqueux  & Gi l les  therefore  cons ider  the 
loca l iza t ion  of the  N a - p u m p  on the ex te rna l  s ide  of the ep i the l ium.  This resul t  is in 
contras t  to our f ind ings  wi th  r e spec t  to the  loca l iza t ion  of the  N a - p u m p  in shore crab 
gills. In Carcinus, 5 m M  in te rna l  o u a b a i n  d rama t i ca l l y  r e d u c e d  the nega t ive  PD and 
grea t ly  d e c r e a s e d  Na- in f lux  (Fig. 1), but  was  wi thout  s igni f icant  effect on PD when  
a p p l i e d  ex terna l ly .  Our  f ind ings  c lose ly  cor respond  to the  resul ts  ob t a ined  by  Drews 
(1985) us ing  i so la ted ,  pe r fused  pos ter ior  gi l ls  of f idd le r  crabs,  Uca tangeri. O u a b a i n  (10 -3 
M) was  wi thou t  effect on PD when  a p p l i e d  ex te rna l ly  but  s ign i f ican t ly  (n=7)  reduced  
t r ansep i t he l i a l  PDs in a r evers ib le  mode  by  one half  w h e n  a p p l i e d  on the hemolymph  
side.  Drews r e g a r d e d  this resul t  as  a conv inc ing  a r g u m e n t  to assume the presence  of 
ouaba in - sens i t i ve  Na-K-ATPase  in Uca gi l ls  on the  basa l  s ide  of the  ep i the l i a l  cells. 
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R e l a t i o n  b e t w e e n  N a - p u m p ,  PD, a n d  a c t i v e  i n f l u x  of N a  

Up to about 1984, much exper imenta l  ev idence  had b e e n  collected ind ica t ing  that in  
aquatic metazoans,  when  exposed to di lute media,  the branchia l  Na-K-ATPase plays a 
central  role in  hyper regula t ion  of the body fluids (for review articles see Towle, 1981; 
1984a, b). This ev idence  was ma in ly  based on changes  in  the concent ra t ion  of N a - pump  
molecules wi thin  the gill  t issues as a result  of al tered a mb i e n t  salinit ies.  Data on 
activities and local izat ion of Na-K-ATPase were ma in ly  ob ta ined  by use of enzymat ic  
and ultrastructural  procedures,  

A detai led unde r s t and ing  of the mode  of func t ion ing  of the Na-K-ATPase in the 
process of uphi l l  ion t ranslocat ion by the gill  t issues was, however,  still lacking.  It was 
proposed by Siebers et al. (1985), us ing  isolated, perfused gil l  preparat ions,  that the Na- 
pump generates  a t ransepi thel ia l  potent ia l  difference, which  is ins ide  nega t ive  by a b o u t ,  
6-12 mV and represents  the dr iv ing force for active Na uptake.  

This conclusion was deduced  from the f inding  that in te rna l ly  appl ied  ouaba in  
adversely affected the potent ia l  differences measured  by near ly  totally abo l i sh ing  them. 
It is known  that ouaba in  specifically inhib i t s  the Na-K-ATPase.  In this context we have 
shown (Siebers et al., 1985) that the PD inh ib i ted  by ouaba in  fully recovered upon  
omission of the drug and  that consequen t ly  no last ing damage  had remained .  That  the 
PDs measured  may also quant i ta t ive ly  account  for es tab l i sh ing  and  m a i n t a i n i n g  the 
externa l / in terna l  concent ra t ion  difference of Na in  a hyper regu la t ing  crab was shown by 
means  of the Nernst  equat ion.  We found that a PD of - 13.7 mV would  be sufficient to 
hyperregulate  blood sodium by 135 mM in relat ion to an a mb i e n t  level  of 200 mM Na 
(15 %0 S) resul t ing in an in terna l  concent ra t ion  of 335 mM (Siebers et al., 1985). 

The present  work confirms these previously pub l i shed  conclus ions  by direct mea-  
surements of Na-fluxes in re la t ion to the respective potent ia l  differences. Especial ly  the 
f inding that in ternal ly  appl ied  ouaba in  near ly  complety inh ib i ted  the active componen t  
of the Na influx, besides the known  effects of abol i sh ing  the PDs, strongly suggests that 
the t ransepi thel ial  potent ial  differences genera ted  by the branchia l  Na-K-ATPase repre- 
sent  the driving forces for active up take  of Na in  hyper regu la t ing  shore crabs. 

These conclusions are furthermore confirmed by the results shown in  Figures 2 and  
3. In both exper iments  the PD was adversely affected by employmen t  of CN- ions and  
non-ava i lab i l i ty  of biological  energy  as a result  of a p ro longed  exper imenta l  period. 
Each time, the influx of Na was reduced to levels close to efflux values. These f indings  
show that the active portions of the influxes of total Na had  b e e n  great ly inh ib i t ed  a long 
with cons iderably  reduced or lacking potent ial  differences. 
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