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ABSTRACT: When isolated gills of the shore crab Carcinus maenas were bathed and perfused with 
identical solutions on both sides (50 % sea water), a spontaneous transepithelial potential difference 
(PD) of some millivolts (hemolymph side negative) was established. This PD is of active nature and 
requires the metabolism of the living cell, since it uses its own sources of energy in addition to 
organic nutrients offered in the flow of artificial hemolymph. Addition of sodium cyanide and 
dinitrophenole to bathing and perfusion medium resulted in reversible breakdown of PDs in a 
concentration-dependent mode. In posterior gills of C. maenas, the potential differences were more 
negative compared to data measured in anterior gills of the same individuals. These results are 
correlated with higher specific activities of Na-K-ATPase in posterior gills. Experiments with 
triamterene indicate that sodium uptake in C. maenas is sensitive to this diuretic drug, when 
applied on the apical side of the epithelial cell. The results obtained show that active uptake of 
sodium from medium to blood across the g~s  is performed by a complex mechanism including 
participation of several basal and apical transport steps. 

INTRODUCTION 

Mar ine  inver tebrates  successfully inhabi t ing  brackish  wate r  env i ronment s  or t idal  
estuaries with changing  salinities have  acqui red  the capaci ty to hyper regu la te  their  

body fluids with respect  to the ambient  medium.  In hyper regu la t ing  crustaceans,  

pe rmanen t ly  p roceed ing  passive losses of salts are compensa t ed  for by active absorpt ion 

of ions, main ly  Na  + and Ct-,  occurr ing essent ial ly through epi thel ia l  cells of the gills. 
During recent  years, numerous  invest igat ions  were  concerned  with the role of the 

Na-K-ATPase in hyper regu la t ing  aquat ic  animals  ( rev iewed by Towle, 1981; 1984 a, b). 

It is a well  e s t abhshed  fact that e n h a n c e m e n t  in branchia l  Na-K-ATPase  activity occurs 

w h e n  the animals  are  accl imated to low salinities. Therefore ,  most of these  s tudies w e r e  

e n g a g e d  with enzymat ic  invest igat ions in gill h o m o g e n a t e s  or in var ious fractions and 

membrane  vesicles of epi thel ia l  cells in combinat ion  with analyses  of ionic consti tuents 

of body fluids. 
In the chinese  crab Eriocheir sinensis, Koch et al. (1954) demons t ra t ed  that  Na  + ions 

were  taken up from the externa l  m e d i u m  by isolated gills. P6queux  & Gflles (1978, 1981), 

measur ing  the Na + influx in isolated per fused  gills of E. sinensis, conc luded  that  in 

f reshwater -acchmated  animals  the active up take  of Na +, which  coun te rba lanced  salt 
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losses along the concentra t ion  gradient,  was mostly achieved across the three posterior 
pairs of the gills. Conversely,  the Na + fluxes measured  in the three anterior gill pairs 
seemed to be passive. In general ,  these ion- t ranspor t ing mechanisms  were closely 
correlated with the appea rance  of electrical currents  and  potential  differences across the 
ion- t ranspor t ing  gill epi thel ium. 

Besides be ing  sui table  for invest igat ions of enzyme activities, isolated perfused gill 
preparat ions  represen t  a further method for s tudying the mechanisms  of hyperregula-  
tion. In this context, Siebers et aL (1985) have shown that the Na-K-ATPase generates  a 
t ransepi thel ial  potent ia l  difference (PD) b e t w e e n  external  med ium and  blood in the 
hyper regula t ing  shore crab C a r c i n u s  m a e n a s .  The advan tage  of this method is that the 
potent ia l  difference b e t w e e n  blood and  med ium is stable dur ing  several hours of the 
experiments .  The stability of PD enab led  the analysis  of the inf luences  of sodium and 
potass ium on the t ransepi thel ia l  potent ia l  differences. By applying K and  ouaba in  
i n d e p e n d e n t l y  on both surfaces of the epithelial  cells, it was demonst ra ted  that the PD 
gene ra t ing  Na -pump  is located at the basolateral  side. 

In the present  paper,  exper imenta l  ev idence  is g iven to show that the potential  
difference genera ted  in the gill of C. m a e n a s  is of active nature.  The difference in Na-K- 
ATPase activities in anterior  and  posterior gills of the crab is also reflected in different 
magn i tudes  of potent ial  differences in gill 4 (anterior) and  gill 8 (posterior) of C. m a e n a s .  

Experiments  concern ing  the effects of the diuretic drug t r iamterene on the t ransbranch-  
ial potent ial  difference were performed in order to obtain information about  sodium 
entry on the apical m e m b r a n e  of epithelial  cells. 

MATERIALS AND METHODS 

C r a b s  

Male and  female specimens  of C a r c i n u s  m a e n a s  (L.) were collected in au tumn  1984 
and  summer  1985 by a f isherman at the Kiel Fjord, western  Baltic Sea. The crabs were 
kept  in the laboratory at 18 °C in 200-1 tanks  conta in in  9 na tura l  sea water  diluted down 
to 10 7oo S with deminera l ized  water. The brackish water  was pe rmanen t ly  aerated and 
gravel-filtered. The densi ty  was 8-10 shore crabs per  aquar ium and  short daylight 
periods of 6 h were chosen in order to avoid moul t in  9. For the experiments ,  only crabs 
with a m i n i m u m  carapace width of 50 mm (fresh weights  of the individuals  be tween  40 
and  60 g) were  used. The crabs were  fed three t imes a week  with pieces of bovine heart, 
but  starved two days prior to exper imenta l  use. 

For invest igat ions of whole body potentials,  shore crabs were  acclimated to sea 
water  and  brackish waters  of different salinities. Mi n i mum acclimation t ime was one 
month  for all experiments .  

W h o l e  b o d y  p o t e n t i a l s  

Whole body potentials  of C a r c i n u s  m a e n a s  were  measured  by means  of two refer- 
ence  electrodes (Ag/AgC1, Ingold, Frankfur t /Main,  inser ted in glass vessels containing 
3 M KC1), which were  in contact  with hemotymph and  external  media  via agar bridges 
(3 % agar  in 3 M KC1). The crabs were fixed by hand  in the acclimation brackish and sea 
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water.  Only the  dorsal  surface of the  c a r a p a c e  e m e r g e d  out  off the  water .  The  contact  to 
the h e m o l y m p h  was  es t ab l i shed  by  d ~ l i n g  a thin hole  into the  card ia l  reg ion  of the  
ca rapace  and  inser t ing  a specia l  aga r  b r i dge  di rec t ly  into the  pe r i ca rd ia l  space.  Potent ia l  
differences b e t w e e n  whole  crabs  and  ex te rna l  m e d i a  were  m e a s u r e d  with  a d igi ta l  
mul t imeter  (MX 562, Metrix,  France).  

P o t e n t i a l  d i f f e r e n c e s  of i s o l a t e d  p e r f u s e d  g i l l s  

The t echn ique  of per fus ing  i so la ted  gills of C a r c i n u s  m a e n a s  was  a p p l i e d  accord ing  
to Siebers  et  al. (1985). M e a s u r e m e n t s  of potent ia l  d i f ferences  we re  pe r fo rmed  b y  m e a n s  
of two e lec t rodes  (Ag/AgC1 in 3 M KC1, Ingold  Frankfur t /Main)  connec t ed  wi th  the  
in ternal  and  ex te rna l  m e d i u m  via  aga r  b r idges  (3 % aga r  in 3 M KCL). By def ini t ion the  
re fe rence  e lec t rode  was  inse r ted  into the  ex te rna l  med ium.  Potent ia l  d i f ferences  we re  
m e a s u r e d  with a mi l l ivol tmeter  (Select ion 5000, Beckman,  Mfinchen).  The  gills we re  
ba thed  and  per fused  with  na tu ra l  sea  wa te r  d i lu ted  by  50 % with  dis t i l led  water .  The  
resul t ing sodium concent ra t ion  was  200 m M  Na  ~ 445 m O s m  kg -1 (Winkler  et  al., 1982). 
By us ing  symmetr ica l  solut ions on both sides,  the  e s t ab l i shmen t  of diffusional  (passive) 
potent ia ls  was  avoided .  Before e x p e r i m e n t a l  use  the  d i lu ted  sea  wa te r  was  s tored  in a 
glass aquar ium at 18 °C p e r m a n e n t l y  a e r a t e d  and  gravel - f i l te red.  Perfnsion expe r imen t s  
were  per formed  in the  labora tory  at room tempera tu re .  

For exper imen t s  tes t ing the  inf luence  of a d d e d  nutr ients  on e s t ab l i shmen t  of the  
potent ia l  difference,  artificial nut r ients  were  d isso lved  in 50 % sea  wa te r  accord ing  to 
Siebers  et al. (1972). The final concent ra t ions  were  {raM): NH4 C1 100, g lucose  100, 
glycine 30, prol ine 20, t aur ine  20, lysine 20. Nutr ien t  mixtures  were  s tored  deep - f rozen  
at - 2 5  °C. 

All chemicals  were  p u r c h a s e d  from Merck  (Darmstadt),  excep t  for the  amino acids,  
which were  pu rchased  from S igma  (Mfinchen) and  2 ,4-d in i t rophenole  from Serva 
(Heidelberg) .  Tr iamterene  was  ob t a ined  from Sigma (Miinchen).  

RESULTS 

W h o l e  b o d y  p o t e n t i a l s  

The resul ts  of m e a s u r e m e n t s  of potent ia l  d i f ferences  b e t w e e n  whole  crabs  and  the  
externa l  acc l imat ion  m e d i a  are  shown in F igure  1. Data  of whole  body  poten t ia l s  we re  
negat ive .  M e a n s  a m o u n t e d  to about  - 3  mV, and  were  not  suscep t ib le  to c h a n g e s  of 
ambien t  salinity. S t rongly  hype r r egu la t ing  shore crabs  in 10 %oS exh ib i t ed  abou t  the  
same potent ia l  d i f ference  ( - 3 . 3  + 1.3 mV) as spec imens  from 33 %oS ( - 2 . 6  + 1.3 mV), 
the  la t ter  exh ib i t ing  pass ive  ion dis t r ibut ions  b e t w e e n  h e m o l y m p h  a n d  ex te rna l  
medium,  

P o t e n t i a l  d i f f e r e n c e s  a c r o s s  i s o l a t e d  p e r f u s e d  a n t e r i o r  a n d  p o s t e r i o r  g i l l s  

The fol lowing expe r imen t s  were  pe r fo rmed  with  i so la ted  gills. In o rde r  to avoid  
diffusional potent ials ,  ba th ing  and  perfus ion sal ines  were  ident ical .  50 % na tu ra l  sea  
water  was app l i ed  as ex te rna l  and  in terna l  med ium.  Unde r  these  condi t ions,  the  es tab-  
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Fig. 1. C a r c i n u s  m a e n a s .  Potential differences be tween  whole crabs and external media in relation 
to acclimation salinity. Data represent  means,  vertical bars s tandard deviations, obtained from a 

number  of individuals indicated in the graph 

l ishment of spontaneous  potential  differences was observed.  Transepithelial PDs were  
relatively stable over time. The hemotymph  (internal) side was  negat ive in comparison 
to the apical (external) side. In posterior gills (8) of crabs accl imated to 10%oS the 
potential differences were  significantly more negat ive (mean - 2 . 8  mV) when  compared 
to data measured  in anterior gills (4) of the same individuals (mean - 0 . 8  mV) (Fig. 2). 
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Fig. 2. C a r c i n u s  m a e n a s .  Comparison of the potential differences across isolated perfused gill 4 
(open circles) and gill 8 (closed circles) of crabs acclimated to brackish water of 10 %0 S, The gills 
were  bathed and perfused with 50 % sea water  (200 mM Na __A 445 mOsm kg-l). Data represent 
means, and vertical bars s tandard deviations, obtained from a sample size of 5 (gill 4) and 4 (gill 8) 

individuals 



Potent ia l  d i f f e r e n c e  in C a r c i n u s  m a e n a s  165 

-1- 

-2- 

- 3 -  
E 

c~ -4 -  

"o 

-s 

&. 

-6 

-7 

- 8  

- 9 -  

Time (min) 

0 10 20 30 z,O 50 
I I I I J _ _ 1  

÷1% nutrient sotution 

7 
J 

J 

Fig. 3. C a r c i n u s  m a e n a s .  Effect of added nutrients on the PD. Potential differences across isolated 
perfused gills 8 of crabs acclimated to 10 %0 S were established by bathing and perfusing the gills 
with 50 % sea water. At the point indicated, 1 %  of an artificial nutrient solution (NH4CI 100 raM, 
glucose 100rnM, glycine 30 raM, proline 20 raM, taurine 20 raM, lysine 20 rnM) was added 

symmetrically on both sides 

Effec t  of n u t r i e n t s  o n  t h e  p o t e n t i a l  d i f f e r e n c e  

Potential differences across isolated perfused gills 8 of C. m a e n a s  acc l imated  to 
10 %0 S were  measured  in controls (bathing and perfusing the gills with 50 % sea water).  
As shown in Figure 3, the transepithelial  PD remained  relat ively constant but w a s  
stabil ized to more  negat ive  va lues  by symmetrical  addition of 1% of a nutrient solution. 
Further e n h a n c e m e n t  of nutrients had no effect. The nutrient solution w a s  c o m p o s e d  
according to the h e m o l y m p h  concentration of the six most  frequent substances  (amino 
acids and glucose)  in (7. m a e n a s  (Siebers et al., 1972). The results obtained indicate that 
the isolated gill organ can generate  potential  differences of active nature, uti l iz ing its 
own  sources of energy  or by additional use  of external ly  avai lable  nutrients. 
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T h e  a c t i v e  n a t u r e  of t h e  p o t e n t i a l  d i f f e r e n c e  

In order to obtain stable, potent ial  differences the following exper iments  were 
performed with 50 % natura l  sea water  ( including 1% artificial nu t r ien t  solution) 
employed  symmetrical ly as ba th ing  and  perfusing medium.  The PD measured  unde r  
these control condit ions was abohshed  by the addi t ion of 5 "10 .3 M sodium cyanide to 
the external  med ium within a few minutes  (Fig. 4). Inhibi t ion by NaCN was affected in a 
concentra t ion d e p e n d e n t  mode (Fig. 5: Table  1). A concentrat ion of 10 ~M NaCN apphed 
to the external  and  in terna l  m e d i u m  seemed  to be without  effects on PD. Increase of the 
sodium cyanide  concentra t ions  appl ied  resul ted in  s tepwise reduct ions of PD values 
unti l  n ew  steady-state  PDs were reached.  Concentra t ions  of NaCN be tween  150 and 500 
~tM up to 5 mM resulted in a total b r eakdown  of the PD in isolated perfused gills of C. 
m a e n a s  (Table 1). 
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Fig. 4. C a r c i n u s  m a e n a s .  Addition of 5 • 10 -3 M sodium cyanide to the bathing medium of an 
isolated perfused gill 8 of a crab acclimated to 10 %0 S resulted in breakdown of the PD within a few 
minutes. Bathing and perfusion medium were 50 % sea water including 1% artificial nutrient 

solut/on 

In addit ion to the exper iments  with NaCN the same effects were studied with 2,4- 
d ini t rophenole  (DNP). Addit ion of 0.5 '10 -3 M 2,4-DNP to the external  med ium resulted 
in complete  b r eakdown  of the potent ial  difference within a few minutes  (Fig. 6}. 
Inhibi t ion of the PD by 2,4-DNP was also concentra t ion d e p e n d e n t  (Fig. 7, Table 2). A 
concentra t ion of 20 ~tM 2,4-DNP, appl ied symmetrical ly in external  and internal 
medium,  was near ly  without  effects. Concentra t ions  of 2,4-DNP be tween  50 and 300 pM 
resul ted in s tepwise reduct ions of PD values.  Total b r e a kdow n  of the potential  differ- 
ences  was achieved with 500 ~M 2,4-DNP in  external  and  in ternal  med ium (Table 2}. Re- 
es tabl i shment  of PDs reduced  as a consequence  of 2,4-DNP application is shown in 
Figure 8. The f indings indicate that the control PD was abolished by addition of 2,4-DNP 
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Fig. 5. Carcinus  maenas .  Concentration-dependent inhibition of potential differences in isolated 
perfused gills 8 of crabs acclimated to 10 %o S by NaCN. At the points indicated NaCN was applied 
in the external and internal medium. Bathing and perfusion medium were 50 % sea water including 

1% artificial nutrient solution 

to both external and internal m e d i u m .  At the points  indicated,  bath ing  and perfusion 
m e d i u m  were  e x c h a n g e d  against  50 % sea water  free of 2,4-DNP. Potential di f ferences  
could be restored again  to negat ive  va lues  of - 4  to - 6  mV.  This was  poss ib le  e v e n  in 
the exper iment  w h e r e  the PD w a s  comple t e ly  reduced  by  500 ~tM DNP, but the  re- 
establ ished PD did not reach the l eve l  of the unaffected  controls. 
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Fig. 6. Carcinus maenas.  Addition of 0.5 - 10 -3 M 2,4-dinitrophenole to the ba th ing  m e d i u m  of an 
isolated per fused  gill 8 of a crab accl imated to 10 % S restflted in b reakdown of the PD within a few 
minutes .  Bathing and  perfusion m e d i u m  were  50 % sea water  including 1 %  artificial nutrient  

solution 

E f f e c t s  o f  t r i a m t e r e n e  o n  t h e  t r a n s e p i t h e l i a t  p o t e n t i a l  d i f f e r e n c e  

T h e  d i u r e t i c  d r u g s  a m i l o r i d e  a n d  t r i a m t e r e n e  a r e  k n o w n  to  a f f e c t  a p i c a l  N a - e n t r y  in  

t h e  gi l l s  of d e c a p o d  c r u s t a c e a n s  ( D r e w s ,  1985; L u c u  & S i e b e r s ,  1986). In  a d d i t i o n  to 

e x p e r i m e n t s  w i t h  a rn i lo r ide  o n  N a - e n t r y  in  t h e  g i l l s  of  C. r n e d i t e r r a n e u s  ( L u c u  & S iebe r s ,  

1986) a n d  C. m a e n a s  (S i ebe r s ,  p e r s o n a l  c o m m u n i c a t i o n )  t r i a m t e r e n e  w a s  e m p l o y e d  in  

o r d e r  to t e s t  w h e t h e r  or  n o t  N a - u p t a k e  in  s h o r e  c r a b s  is s e n s i t i v e  to t h i s  d r u g .  In o r d e r  to 

t e s t  t h e  i n f l u e n c e  of t r i a m t e r e n e  o n  t h e  e s t a b l i s h m e n t  of t h e  p o t e n t i a l  d i f f e r e n c e  in  C. 

m a e n a s ,  t h e  d r u g  w a s  a d d e d  to b a t h i n g  a n d  p e r f u s i o n  s a l i n e s .  At  a c o n c e n t r a t i o n  of 

1 0 - 6 M  n o  e f f e c t  w a s  o b s e r v e d .  W h e n  10 -5 M a n d  10 -4 M t r i a m t e r e n e  w e r e  a d d e d  to t h e  

Table 1. Carcinus maenas.  Transepithel ial  potential  differences (PD) of isolated per fused  posterior 
gills in relation to the concentrat ion of N a C N  applied symmetrical ly in external  and internal 
medium.  Data represent  m e a n s  and  s tandard  deviat ions obta ined from a sample  size of 3-5 

individuals 

Concentra t ion PD (mV) Affected A PD 
of N a C N  (~tM) of controls PD (mY) (mY) 

10 - 5.6 ± 1.2 - 5.9 ± 2.4 - 0.3 
20 - 6.0 ± 1.3 - 4.4 ± 1,5 1.6 
30 -- 4.6 ± 0.3 - 2.8 ± 0.1 1.8 
50 - 5.5 ± 1.8 - 3.2 ± 2,3 2.3 

100 - 4.6 ± 1.4 - 1.7 ± 0.5 2,9 
150 - 3 . 1  -----0.2 + 0 . 4 ± 0 . 8  3.5 
250 - 4.8 _ 1.5 + 0.2 ± 0.9 5.0 
500 - 5.5 ± 1.0 0.0 ± 0.1 5.5 
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Fig. 7. C a r c i n u s  m a e n a s .  C o n c e n t r a t i o n - d e p e n d e n t  inhibi t ion of po ten t ia l  d i f fe rences  in i sola ted  
p e r f u s e d  gills 8 of crabs  acc l ima ted  to 10 ~/~ S by 2,4-DNP. At  t he  poin ts  ind ica ted ,  DNP w a s  app l i ed  
in t he  ex te rna l  a n d  in ternal  m e d i u m .  Ba th ing  a n d  per fus ion  m e d i u m  w e r e  50 % sea  wa te r  inc lud ing  

1 %  artificial nu t r ien t  solut ion 
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Table 2. C a r c i n u s  m a e n a s .  Transepithelial potential differences (PD) of isolated perfused posterior 
gills in relation to the concentration of DNP applied symmetrically in external and internal medium. 

Data represent means and standard deviations obtained from a sample size of 3 individuals 

Concentration PD (mY) Affected A PD 
of DNP (~tM) of controls PD (mV) {mY) 

20 - 6.2 _ 2.2 - 5.7 _ 2,1 0.5 
50 - 7 . 6  _ 1.6 -5 .1  + 0.5 2.5 

1 0 0  - 6 . 2  _ 1 . 2  - 3 . 1  _ 0.8 3.1 
200 - 5.9 + 1.1 - 1.9 _+ 0,5 4.0 
300 - 6.4 _ 0.1 - 1.8 + 0.8 4.6 
500 - 5.0 _+ 2.6 - 0.1 + 0.1 4.9 

external  medium,  concentra t ion d e p e n d e n c e  b e c a m e  obvious (Figs 9-11). When  under  
control condit ions constant  potent ial  differences had b e e n  established,  t r iamterene  was 

added  to the externa l  medium,  resul t ing in more  nega t ive  PDs. Tr iamterene  effects were  

revers ib le  i r respect ive  of the concentra t ion  applied.  PDs dec reased  following triam- 

t e rene  t reatment ,  re - increased  to original  control levels  w h e n  the drug was omit ted (Figs 
9, 10). Addi t ion of 10 -5 and 10 -4 M t r iamterene  to the internal  perfusion med ium was 

wi thout  effect on the potent ia l  difference.  

DISCUSSION 

W h o l e  b o d y  p o t e n t i a l s  

Whole  body potent ia l  d i f ferences  measu red  b e t w e e n  hemocoe l  of C a r c i n u s  m a e n a s  

and externa l  m e d i u m  in relat ion to accl imat ion salinity did not differ significantly. Using 

shore crabs C. m a e n a s  acchmated  to various external  salinities, G r e e n a w a y  {1976} and 

Zanders  {1980} de t e rmined  whole  body potent ia l  differences.  They found PDs of approx. 
- 1  mV, which  w e r e  i n d e p e n d e n t  of accl imat ion salinity. Zanders  (1980) concluded that 

the small size of the PD in dilute media  ref lec ted  the low ion selectivity of the surfaces 

involved  in the exchanges  b e t w e e n  crabs and medium.  

In contrast  to whole  body PDs, results obta ined  from isolated, per fused  gills seem to 
be  bet ter  suited to demons t ra te  the relat ion b e t w e e n  PD and act ive ion uptake.  It is 

shown in the present  work that  re lat ively large nega t ive  PDs of similar millivolts can be 

measu red  b e t w e e n  blood and medium.  They sugges ted ly  (Siebers et al., 1985, 1986) 
represen t  the driving force for act ive Na  uptake.  In addition, these  PDs depend  on the 

salinity of the incubat ion  medium.  The  data  p resen ted  consequen t ly  sugges t  that  whole 

body  PDs do not represen t  the electr ical  situation as at the gill, which  is responsible  for 

act ive ion transport.  
Potential  differences b e t w e e n  whole  crabs and the accl imation media  were  surely 

the results of various t ransport  processes  occurr ing not only via epi thel ial  cells of the 

gills but  also b e t w e e n  other  organs  {digestive gland,  an tenna l  gland, etc.}. Changes  in 

up take  rates at the branchial  level  with respect  to ambien t  salinity might  be compen- 

sated for and thus r emoved  from exper imen ta l  detection.  
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Fig. 8. C a r c i n u s  m a e n a s .  Potential differences in isolated perfused gills 8 of crabs acclimated to 
10 %o S in absence and in the presence of 2,4-dinitrophenole. Bathing and perfusing medium were 

50 % sea water including 1% artificial nutrient solution 

T h e  r o l e  of t h e  N a - K - A T P a s e  

The techn ique  of pe r fus ing  i so la ted  crab gills has  b e e n  used  by  var ious  authors  
(Habas  Mantel ,  1967; King & Schoffeniels ,  1969; Berl ind & Kamemoto ,  1977; P~queux  & 
Gilles, 1978, 1981; Burnett ,  1984). Most  of them a pp l i e d  a symmet r i ca l  condit ions,  us ing  
ba th ing  m e d i a  with lower  salt  concent ra t ions  c o m p a r e d  to per fus ion  media ,  and  there-  
fore mainly  m e a s u r e d  cliffusional potent ials .  Consequent ly ,  the  compara t ive ly  small  
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active components  that are measurab le  only unde r  symmetrical  conditions were over- 
looked. W h e n  isolated crab gills were - as in the presen t  exper iments  - bathed and 
perfused with the same solution symmetrical ly on both sides, a spontaneous  transepithe- 
lial potent ia l  difference b e t w e e n  bath  side (external medium) and  blood side (internal 
medium) was es tabl ished (Drews, 1985; Siebers et al., 1985, 1986). 

It was sugges ted  by the work of Siebers et al. (1985) that the Na-K-ATPase is 

responsible  for the es tab l i shment  of the t ransepithel ial  potent ial  difference at the gill 

level. 
In the present  study further evidence  in this respect is given. Siebers et al. (1982) 

inves t iga ted  the Na-K-ATPase activity in  the gills of C. m a e n a s  and  showed that enzyme 
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Fig. 9. Carcinus maenas. Effects of 104 M external triamterene on the potential differences across 
isolated perfused gills 8 of crabs acclimated to 10 %o S. Bathing and perfusing medium were 50 % 
sea water. Data represent means, and vertical bars standard deviations, obtained from a sample size 

of 6 individuals 

activities were highest  in posterior gills (7-9), in contrast to anterior gills (1-6) display- 
ing 50-70 % lower activity levels. In C. m a e n a s ,  PD levels were more negat ive  in 
posterior gills than  in anterior gills of the same individuals  (Fig. 2). This f inding seems to 
correlate with the different amounts  of enzyme  molecules  present  in anterior and 
posterior gills. These  results closely correspond to the data found by Drews (1985) 
work ing  with fiddler crabs Uca tangeri .  In the chinese crab Eriocheir  s inensis ,  the PD 
measured  in absence  of a concent ra t ion  gradient  across the epi thel ium was negative in 
posterior and  positive in anterior  gills (P~queux & Gilles, 1978). Different PDs in anterior 
and  posterior gills thus correspond closely to the differences in Na-K-ATPase levels. 
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Fig. 11. C ~ r c i n u s  m a e n a s .  C h a n g e s  in po ten t i a l  d i f f e r ences  in i so la t ed  p e r f u s e d  gil ls  8 of c r abs  
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m e d i u m  w e r e  50 % s e a  wa te r .  D a t a  r e p r e s e n t  m e a n s ,  a n d  ver t ica l  ba r s  s t a n d a r d  dev ia t ions .  T h e  

n u m b e r  of i nd iv idua l s  is s h o w n  b e s i d e s  t he  m e a n s  
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E f f ec t s  of  N a C N  a n d  d i n i t r o p h e n o l e  

The  resul ts  shown in F igures  4 -7  ind ica te  tha t  the  PD is of act ive na tu re  and  requi res  
the  me tabo l i sm of the  l iving cell.  Non-ava i~b i~ ty  of b iological  ene rgy  fol lowing appl i -  
ca t ion of cyan ide  and  2,4-DNP resu l ted  in b r e a k d o w n  of the  PD. Cya n ide  ions act as 
b lockers  of the  resp i ra tory  chain.  The  e lec t ron flow is s topped  at the  poin t  of cytochrome 
oxidase  by  inhibi t ion of the componen t  a3. Din i t rophenole  is known  to be  an uncoupl ing  
agen t  of the  oxida t ive  phosphory la t ion  which  comple te ly  suppresses  the formation of 
ATP in mi tochondr ia  whi le  the  oxidat ion  of subs t ra te  cont inues.  W h e n  2,4-DNP was 
omi t ted  dur ing  the expe r imen t  the  poten t ia l  d i f ference  was  re -es tab l i shed  (Fig. 8) surely 
as a resul t  of ava i l ab le  ATP. Work ing  in the  same  m a n n e r  as desc r ibed  in the presen t  
paper ,  Drews (1985) abo l i shed  the PD in i so la ted  pe r fused  gills of the f iddler  crab, Uca 
tangeri, by  add i t ion  of 10 -3 M KCN and  10 _3 M DNP to the  in te rna l  medium.  Addi t ion  to 
the  ex te rna l  m e d i u m  was  less  effective.  Revers ib le  inhibi t ion of act ive t ranspor t  proces-  
ses h a d  b e e n  obse rved  by  Koch et al. (1954) in i so la ted  gil ls  of the  chinese  crab, Eriocheir 
sinensis, w h e n  low concent ra t ions  of KCN, NAN3, and  Na2S were  p resen t  in the 
incuba t ion  medium.  In the  b lue  crab, Calhnectes sapidus, 10 -4 M DNP caused  a 
reduct ion  of gill potent ia l s  (Habas  Mante l ,  1967). P~queux  & Gilles (1978) m e a s u r e d  an 
i r revers ib le  fall in PD occurr ing w h e n  DNP was  a d d e d  to perfus ion or incubat ion  med ia  
in expe r imen t s  wi th  exc i sed  gills of F. sinensis. Finally,  S iebers  et  al. (1986) recorded  a 
s t e ady  reduc t ion  of the  PD towards  zero levels  in a 9 h las t ing  expe r imen t  w h e n  50 % sea 
wa te r  wi thout  add i t iona l  nut r ients  was  used  as ba th ing  and  perfus ion medium.  Exhaus-  
t ion of e n e r g y  rese rves  was  r e g a r d e d  as  r e spons ib le  for the  dec rea se  of act ive sodium 
influx to pass ive  efflux leve ls  in i so la ted  pe r fused  gills of C. maenas .  

E f f ec t s  of t r i a m t e r e n e  o n  t h e  t r a n s e p i t h e l i a l  p o t e n t i a l  d i f f e r e n c e  

Ami lor ide  and  t r i amte rene  are  k n o w n  to act at low concent ra t ions  (10-7-104 M) on 
pass ive  Na+-en t ry  th rough  channe ls  at the  apica l  cell  surface of t ight  epi thel ia .  At 
h ighe r  concent ra t ions  (10-5-10 -3 M), the  d rugs  affect the  apica l  N a ~ / H + - e x c h a n g e r  (for 
fur ther  r e fe rences  see  Benos et  al., 1979; Kinsel la  & Aronson,  1981). 

The  f indings  of ami lor ide  effects (Lucu & Siebers ,  1986) and  the da ta  p r e sen t ed  in 
this  work  on t r i amte rene  ind ica te  tha t  the  gitl of the  shore  crab  is c ompa ra b l e  with other  
ion- t ranspor t ing  ep i the l i a  w h e n  cons ide r ing  the  suscept ib i l i ty  of the  apical  m e m b r a n e  to 
the  d iure t ic  drugs.  T r i amte rene  (present  paper )  and  ami lor ide  (Lucu & Siebers,  1986) 
dec rea se  the  control  po ten t ia l  d i f ferences  to still more  nega t ive  values.  This change  in 
PD has  also b e e n  o b s e r v e d  by  Drews (1985) us ing  poster ior  gills of Uca tangeri. Her 
a s sumpt ion  that  the  c h a n g e  of PD to still more  nega t ive  in terna l  va lues  results  from 
inh ib i t ed  ent ry  of Na  ÷, whi le  Cl--f luxes still p roceed ,  has  b e e n  conf i rmed by  direct  
m e a s u r e m e n t s  of N a  +- and  CF-f luxes  in Carcinus medi terraneus  by  Lucu & Siebers  
(1986). Uca and  Carcinus (Fig. 11) a re  both  less sensi t ive  to t r i amte rene  w h e n  c o m p a r e d  
to amilor ide .  In conclusion,  the  resul ts  of this work  sugges t  that  act ive u p t a k e  of sodium 
from m e d i u m  to b lood across  the  gills is pe r fo rmed  by  a complex  mechan i sm inc luding  
par t i c ipa t ion  of severa l  b a s a l  (Na-K-ATPase)  and  apica l  (Na+-channels  and /o r  Na+/H ÷- 
exchanger )  t r anspor t  steps.  
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