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ABSTRACT: Posterior gills (No. 7 and 8) of shore crabs Carcinus maenas were homogenized and 
fractionated by means of differential and density gradient centrffugation. Employment of marker 
enzymes Na-K-ATPase and carbonic anhydrase for plasma membranes and cytochrome oxidase for 
mitochondria showed that these structural elements were separated. Ultramicroscopic investigations 
of combined fractions confirmed the presence of the respective mitochondrial and vesicular plasma 
membrane structures. An ATPase which did not depend on the presence of sodium (20 raM) ions in 
the incubation medium but on the presence of potassium (20 mM) ions only was found in the 
mitochondrial fractions. The mitochondrial ATPase was tightly bound to cellular particulates and 
activated approximately threefold by bicarbonate (20 mM) ion~. The activity of this ATPase was 
nearly completely inhibited by oligomycin (1 ~g m1-1) and greatly inhibited by low levels (5 mM) of 
thiocyanate and calcium ions, the Ki for Ca 2+ being ca 4 raM. The results obtained confirm literature 
data on high mitochondrial densities in crab gills and allow the assumption of significant rates of 
energy metabolism in these organs. Considering its properties the mitochondrial ATPase is clearly 
distinct from crab gilI Na-K-ATPase and can be measured specifically in samples containing Na-K- 
ATPase. Mitochondrial ATPase is therefore considered a suitable and reliable marker enzyme for 
mitochondria. 

INTRODUCTION 

Crustacean gills are multifunctional organs located in the interphase b e t w e e n  the 

animal and its environment.  While particulate food is processed through the a l imentary  

canals, and volume regulatory bulk water  is re leased through the renal organs (Oglesby, 
1981), the gills are the main sites of exchanges  of respiratory gases (Burnett & McMahon,  

1985; Bbttcher et al., 1991), osmo- and ionoregulatory active ion uptake  (Kirschner, 1979; 

Towle, 1981; Lucu, 1990), regulat ion of the acid-base status of the hemolymph (Truchot, 
1979; Perry & Laurent, 1990) and excret ion of ni t rogenous rnetabohc end products  

(Kormanik & Cameron,  1981). All these functions have  in common their part icipat ion in 

the processes of biological  transport, their  location in membranous  structures and their  
close biochemical  and physiological interrelation. 

Accordingly, the branchial  ceUs show all the features known to be characterist ic of 
transporting epithelia, i.e. dense networks of invagina ted  plasma membranes  in the 

apical membranes  and considerably more pronounced  ones in basolateral  membranes .  In 
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crus tacean  gills, the basola tera l  m e m b r a n e s  are closely associa ted  with h i g h  number s  of 
p ro longed  mitochondria .  Mitochondr ia l  densi t ies  and  lengths  become  r e d u c e d  in the 
regions benea th  the apical  m e m b r a n e  layers; while apical  m e m b r a n e s  t h e m s e l v e s  are  
seeming ly  not  associa ted  with mi tochondr ia  (Copeland & Fitzjarrel,  1968; G o o d m a n  & 
Cavey,  1990). 

In contrast  to the thoroughly  inves t iga ted  branchial  ul t rastructure a n d  t ranspor t  
functions, especia l ly  those p lay ing  a role in energy-consuming  o smoregu l a to ry  ion 
translocation,  htfle is k n o w n  about  the ene rgy  providing processes  of mi tochondr ia l  
metabohsm.  

This publ ica t ion  descr ibes  the p resence  of mitochondria l  ATPase  in t h e  gills of the 
shore crab C a r c i n u s  m a e n a s  inc luding  some proper t ies  of the enzyme a n d  sugges t s  its 
usefulness  as a prec ise ly  measu rab l e  and  rehab le  mi tochondr ia l  marker .  

MATERIALS AND METHODS 

C r a b s  

Shore crabs  C a r c i n u s  m a e n a s  were  ob ta ined  from f ishermen at  Kiel,  Baltic Sea. 
Transport  to the laboratory,  main tenance ,  wa te r  quality, f eed ing  and h g h t  condit ions 
were  ident ica l  to the p rocedures  previously  desc r ibed  (Siebers et al., 1983). Crabs  were  
acchmated  to a sal ini ty of 10 7~ for at least  1 month  before exper imenta l  use .  Exper imen-  
tals were  males  of over 5 cm ca rapace  width  within the in termolt  phase .  

H o m o g e n a t e  p r e p a r a t i o n  a n d  c e n t r i f u g a t i o n  p r o c e d u r e s  

After removal  of the carapace ,  the poster ior  gills (No. 7 and  8) were  exc ised ,  b lo t ted  
to near -d ryness  and weighed .  0.1 g t issue was homogen ized  for 45 sec wi th  0.9 ml TRIS/ 
EDTA buffer (0.25 M sucrose, 0.02 M TRIS, 0.002 M Na2-EDTA, p H  7.6) wi th  a teflon- 
glass  Pot ter-Elvehjem homogen ize r  at 400 rev �9 rain -1 and 0 ~ H o m o g e n a t e s  were  then  
passed  through 50 ~m surgical  gauze.  

In order  to ana lyse  the propor t ion of mitochondria l  ATPase  b o u n d  to cel lular  
part iculates ,  homogena te s  were  Centrifuged at 100,000 g for  1 h at 4 ~ in an  u l t racen-  
tr ifuge (L8-70 M, Beckman) with a 70.1 Ti rotor. The superna tan ts  (SI) w e r e  decan ted ,  
and  the pel le ts  (PI) were  r e suspended ,  r ehomogen ized  and cent r i fuged a g a i n  to obta in  
superna tan ts  SlI and  pel le ts  PII. This p rocedure  was  r epea t ed  a third t ime (see Fig. 1). A 
second approach  was  pe r fo rmed  in the  same  way  except  that  the  r e s u s p e n d e d  and  
r ehomogen ized  pel le ts  were  addi t ional ly  u l t ra-sonicated twice for 5 sec at 60 W with a 
pause  of 10 sec (sonicator type  GTS22/125, Sonotrode Tu 157/4; KLN Ultraschall ,  
Heppenheim, FRG). 

Subcellular components were fractionated by means of density gradient centrifuga- 

t/on. Homogenates were centrifuged at 750 g for 20 min at 4 ~ The resulting superna- 

tant was stored and the pellet resuspended, rehomogenized and centrifuged again. The 

second pellet was discarded. The combined 750 g supernatants were centrifuged at 
7500 g, the pellet was resuspended and placed on top of a 33.5 ml continuous sucrose 

gradient (10-40 %, w/w). Sucrose was dissolved in homogenizing medium. The gradient 

was centrifuged at 100,000 g for 1.5 h in a Beckman rotor SW 27. By means of a capillary 
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Fig. 1. C a r c i n u s  m a e n a s .  Mitochondrial ATPase in homogenates,  supernatants (SI-SIII) and resus- 
pended and rehomogenized pellets (PI-PIII) of one or repeated 100,000 g centrifugations. In the 
second and third centrifugation, resuspended and rehomogenized pellets of the previous centrifuga- 
tion were used (A). Resuspended and rehomogenized pellets were additionally ultrasonicated and 
centrifuged again (B). Mitochondrial ATPase activities were calculated from the differences 
be tween  the total ATPase activities and activities measured in the presence of 1 ~g �9 m1-1 oligomy- 
cin. Non-specific (oligomycin-insensitive) activities were always less than 5 % of total activities. Bars 

represent means -!-_ s.d. obtained from a sample size of 6 gills 

t u b e  i m m e r s e d  to the  b o t t o m  of  the  c e n t r i f u g e  vial ,  30  fract ions  of  approx .  1.3 m l  w e r e  
w i t h d r a w n  u s i n g  a per i s ta l t ic  p u m p  a n d  trans ferred  to a fract ion col lector .  Prior to further  
a n a l y s i s  the  fract ions  w e r e  s tored  at - 7 0  ~ for no  l o n g e r  than  1 w e e k .  
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D e t e r m i n a t i o n s  of m a r k e r  e n z y m e s ,  m i t oc hond r i a l  A T P a s e  a n d  p r o t e i n  

Na-K-ATPase present in homogenates and in the fractions of the densi ty  gradient 
was measured spectrophotometrically by monitoring the absorbance a t  340 nm in a 
coupled assay using the modified procedure of Siebers et al. (1982). The final test volume 
of 1.3 ml, pH 7.25 consisted of 0.1 M imidazole/HC1, 75 mM NaC1, 64 mM NH4C1, 5 mM 
MgC12, 5 mM ATP-Na2, 2 mM phosphoenolpyruvate (PEP), 0.33 mM NADH-Na2, 12.2 U. 
m1-1 lactate dehydrogenase (LDH) and 0.36 U �9 m1-1 pyruvate kinase (PK). LDH and PK 
were suspended i n 3.2 M ammonium sulfate. Assays were performed in the  absence and 
presence of 5 �9 10 -4 M ouabain which specifically and completely inhibits l'qa-K-ATPase. 
The reduction of total ATPase activity due to the presence of ouabain thus represents  Na- 
K-ATPase activity. 

Mitochondrial ATPase was measured in supernatants and pellets obta ined  by re- 
peated 100,000 g centrifugations and in the fractions of the sucrose densi ty gradient in a 
comparable coupled assay (340 nm, 25 ~ The final volume was 1.3 ml consisting of 
50 mM HEPES, 30 mM TRIS, 100 mM KC1, 3 mM MgC12, 3 mM TRIS-ATP (Commercial 
TRIS-ATP or TRIS-ATP prepared from Ba2+-ATP with TRIS/H2SO4), 2 mM PEP, 0.33 mM 
NADH-Na2, 12.2 U - m1-1 LDH, 0.36 U �9 m1-1 PK. LDH and PK were suspended  in 50 % 
glycerol. When ohgomycin - an antibiotic specifically directed against mitochondrial 
ATPase (Lardy et a l ,  1975) - was applied in order to determine non-specific activities the 
assays including controls contained 0:5 % ethanol (supphed under agi tat ion from a stock 
solution of ohgomycin dissolved in pure ethanol), a concentration not affecting ATPase 
activity. 

Activity of carbonic anhydrase (CA) was determined by the phenol red indicator 
method published by Maren (1960) and modified according to Bruns et al. (1986). Activity 
(A) of the enzyme was calculated by comparing the uncatalyzed react ion time (to) 
measured in seconds with the catalyzed reaction time (tenz) according to the following 
equation: 

A = to/ten z - -  1 

Following the proposal by Maren (1954), 1 unit of CA activity was def ined as the 
concentration of enzyme in the final assay volume required to halve the  uncatalyzed 
reaction time. 

Activity of cytochrome oxidase was determined by monitoring the oxidation of 
reduced cytochrome c at 550 nm (according to Wharton & Tzagoloff, 1967). Protein 
concentrations were analysed by means of a commercial assay (BCA-assay, Pierce). 

Analytical grade inorganic salts, HEPES and imidazole were purchased  from Merck 
(Darmstadt), NADH, LDH and PK, and Na-pyruvate from Boehringer (Mannheim) and 
oligomycin from Serva (Heidelberg). TRIS, sucrose, ATP (Ba 2--, TRIS-, and  Na+-salt), 
PEP, and cytochrome c were purchased from Sigma (Mfinchen). 

T r a n s m i s s i o n  e l ec t ron  m i c r o s c o p y  

For electron microscopy the non-overlapping fractions obtained by densi ty  gradient 
centrifugation containing mitochondria (fractions 2-6, see Fig. 2) and p lasma membranes 
(fractions 13-I7) were fixed in 0.05 M Na-cacodylate buffered with 4 % glutaraldehyde,  
400 mOsm - k g - i ,  pH 7.3, by mixing identical volumes of suspensions of the gradient  with 
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Fig. 2. Carcinus maenas ,  Frac t iona t ion  of subce l lu la r  pa r t i cu la te s  of gill t i s sue  by  dens i t y  g r a d i e n t  
cent r i fuga t ion .  A h o m o g e n a t e  p r e p a r e d  f rom poster ior  gills was  cen t r i f uged  at 750 g. T h e  s u p e r n a -  
ran t  w a s  cen t r i fuged  at  7500 g, a n d  t he  r e s u s p e n d e d  pel le t  was  l a y e r e d  on top of a 10-40  % (w/w) 
c o n t i n u o u s  sucrose  dens i t y  g r ad i en t  w h i c h  was  c e n t r i f u g e d  for 1.5 h at  100,000 g (4 ~ Fol lowing 
cent r i fuga t ion ,  30 fract ions were  collected.  C y t o c h r o m e  ox idase  a n d  K + - d e p e n d e n t  A T P a s e  are  
charac ter i s t ic  of mi tochondr ia ;  N a - K - A T P a s e  a n d  carbonic  a n h y d r a s e  a re  p l a s m a  m e m b r a n e  m a r -  

ke r s  
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the fixative to m a k e  up a final concentrat ion of 2 % g lu ta ra ldehyde  (1 h, room tempera -  
ture). After  centr i fugat ion (55,000 g, 4 ~ 45 rain) the pel le ts  were  r e s u s p e n d e d  in the  
initial  volumes  of wash ing  buffer (Na-cacodyIate)  and  s tored at 4 ~ Samples  were  
pos t f ixed in 2 % osmium tetroxide (1 h, 4 ~ p H  7.3) and  d e h y d r a t e d  in  an  a scend ing  
series of alcohol  up to 70 % ethanol.  Specimens  were  then  contras ted  overn igh t  with 1% 
phosphotungs t i c  acid and 1% uranylace ta te  in 70 % ethanol,  comple te ly  d e h y d r a t e d  and  
e m b e d d e d  in Epon 812. Ultrathin sections were  cut us ing a Reichert  u l t racu t  E, s ta ined  
with l e ad  ci trate and  v iewed  in a Siemens CT 150 TEM. 

RESULTS 

M i t o c h o n d r i a l  l o c a l i z a t i o n  of t h e  K + - d e p e n d e n t  A T P a s e  a c t i v i t y  

Samples  of crude homogena tes  were  tes ted for ATPase  activity in the  p re sence  of 
100 m M  KC1 using the assay  condit ions p resen ted  in "Materials  and  Methods"  for 
mi tochondr ia l  ATPase  (Fig. 1). The activities measu red  amoun ted  to 14.3 __ 1.0 (A) and  
11.1 _+ 1.0 (B) ~mol Pi '  m1-1 homogena te  �9 h -1. After  100,000 g centr i fugat ions,  once or up 
to twice r epea ted ,  of the r e suspended  and r ehomogen ized  (A) or add i t iona l ly  ui trasoni-  
ca ted  pel le ts  (PI-PIII) (B), no activity could be  de tec ted  in the supe rna tan t s  (SI-SIII) (Fig. 
1A and  B). For r e p e a t e d  centr l fugat ions the previous  pe l le t  was  r e s u s p e n d e d  each  t ime in 
the original  volume of the homogena te .  Since concentrat ions  of total  p ro te ins  in the  
r e s u s p e n d e d  pel le ts  were  r educed  with r ega rd  to homogena tes  as a resul t  of l ack ing  
dissolved prote ins  conta ined in the  superna tan ts  activit ies are p r e sen t ed  on a "per  ml 
basis".  Therefore,  the activities of superna tan ts  and  pel lets  shown in F igure  1 can be  
direct ly compared. The results  ob ta ined  imply that  th~ ATPase,  which  is act ive in the 
absence  of sod ium but  in the  p resence  of 100 m M  KCI, is bound  very  t ight ly  to cel lular  
par t iculates  spun down at 100,000 g. Even strong mechan ica l  hand l ing  of the  samples  
such as r e p e a t e d  resuspension,  recentr i fugat ion and ul t rasonicat ion of the  pe l le ted  
mater ia l  d id  not  br ing  de tec tab le  proport ions into solution. 

In order  to find out the subcel lu lar  localizat ion of the branchia l  K~ ' -dependent  
ATPase,  centr i fugat ion (100,000 g, 1.5 h) of a 7500 g pel le t  in a cont inuous  sucrose 
grad ien t  {10-40%, w/w) was used. Thirty fractions ob ta ined  after cen t r i fug ing  the 
grad ien t  were  ana lysed  for mitochondrial and p lasma  m e m b r a n e  m a r k e r  enzymes.  As 
shown in Figure  2, the fractions conta ining the mi tochondr ia l  ma rke r  cy tochrome oxidase  
were  clear ly s epa ra t ed  from the fractions conta in ing the markers  for p l a sma  membranes ,  
Na-K-ATPase  and carbonic anhydrase ,  though t h e r e w a s  a zone of overlap.  The  ATPase  
charac ter ized  by Na~ ' - independence  but  K~ ' -dependence  was p resen t  in the  mitochon-  
drial  fractions and has  thus to be  cons idered  as mi tochondr ia l  ATPase.  

The structural  equivalents  of the marke r  enzymes  ana lysed  in the  fract ions of the 
sucrose dens i ty  g rad ien t  was shown by t ransmission ul tramicroscopy.  Frac t ions  2-6  and 
13-17 (see Fig. 2) were  combined  and p r e p a r e d  for TEM analysis  as de ta i l ed  in the 
"Mater ia ls  and  Methods"  section. The fractions used  for TEM analysis  were  se lec ted  
within the  zones  of the g rad ien t  with minimal  overlap,  ant ic ipat ing  nea r ly  pu re  mitochon-  
dria in fractions 2-6 and p la sma  m e m b r a n e s  in fractions 13-17 u n c o n t a m i n a t e d  by 
mitochondria .  As shown in Figure  3, mi tochondr ia  (upper  photo) con ta ined  only a few 
p la sma  m e m b r a n e  e lements  and  were  clear ly discernible  from a re la t ively  pu re  fraction 
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Fig. 3. C a r c i n u s  m a e n a s .  Electron micrographs of mitochondrial fractions 2-6 (upper photo) and 
plasma membrane fractions 13-17 (lower photo) obtained by density gradient centrifugation. The 
fractions were obtained in the same way as detailed in the legend to Fig. 2. Mitochondrial and 
plasma membrane fractions were pooled, fixed, stained, cut into ultrathin sections as outlined under 
"Materials and Methods",  and viewed in a Siemens CT 150 transmission electron microscope. The 

horizontal bars amount to 0.5 ~m 
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of vesiculat ing plasma membranes  (lower photo). Some mitochondria  showed structural 
damage which could not be prevented by varying the osmolahties of the fixation 
solutions. The damage  is therefore no t  corzsidered to be a result  of unphysiological  
osmolalities but  - as discussed by Graszynski (1970) - rather reflects the sensitivity of 
crustacean mitochondria to mechanical  handl ing.  A comparable shape of mitochondria  in 
the gills of the chinese crab Eriocheir sinensis has been  described in the publ icat ion by 
Pdqueux et al. (1983). 

P rope r t i e s  of m i t o c h o n d r i a l  A T P a s e  

The pure mitochondrial  fractions 2-6 (Fig. 2) obtained from the sucrose density 
gradient  were used to analyse some properties of mitochondrial  ATPase. As shown in 
Figure 4, activity amounted  to only 1.5 Bmol Pi " mg -1 mitochondrial  prote in  - h -1 in the 
presence of 20 mM NaC1 and  was enhanced  to reach values  of ca 20 ~tmol Pi �9 mg -1 
protein �9 h - I  when  20 mM KC1 was employed in the incubat ion  m e d i u m i n s t e a d  of NaC1. 
This f inding shows that the activity of mitochondrial  ATPase clearly depends  on the 
cationic miheu of the incubat ion medium. When KC1 was replaced by KHCO3, activity 
was further greatly increased to levels of ca 70 ~tmol Pi" mg -~ "h-1. Activities measured  in 
the presence of NaC1 and KC1 imply that anions are not essential  in  de termining 
enzymatic rates; however, HCO3- anions are obviously strong activators. 

Activities were inhibi ted greatly in the presence of addit ional  5 m M  S C N -  and 
nearly completely in the presence of 1 ~tg �9 nil -~ oligomycin. Low concentra t ions  of 
calcium ions inhibi ted the activity of crab gill mitochondrial  ATPase (Fig. 5), halving 
enzymatic rates in the presence of approximately 4 mM Ca 2+. 

DISCUSSION 

The results obta ined show that literature data on high densities of mitochondria  in 
crab gills agree on the presence of a specific marker  enzyme, the mitochondrial  ATPase. 
The assays for this ATPase contained 0.66 mM Na + introduced by NADH-Na2. At these 
low levels of Na +, Na-K-ATPase activity was below its detection limit (Siebers et al., 
1983). Using 1 ~tg �9 nil -1 oligomycin, a specific inhibitor of mitochondrial  ATPase, 
activities were reduced by more than 95 %. This result shows that unde r  the conditions 
employed (100 mM KC1, 0.66 mM Na + and 1 Bg �9 m1-1 oligomycin in a paral le l  assay) 
oligomycin-sensit ive ATPase can be measured  specifically in samples con ta in ing  high 
levels of Na-K-ATPase. 

The activity of mitochondrial  ATPase in posterior gills of shore crabs accl imated to 
brackish water  of I0%o S amounted  to ca I3 ~tmol Pi " m1-1 homogena te  - h -1 (Fig. 1). 
Taking into consideration that 1 ml homogenate  contained 0,1 g tissue a n d  that total 
protein concentrat ions were ca 25 mg �9 g-1 fresh weight, the activity of rnitochondrial  
ATPase on a protein basis is 5.2 ~tmol Pi ' m g  -1 p ro te in ,  h -1. According to Siebers et al. 
(1982), activities of Na-K-ATPase in the posterior gills of crabs accl imatized to brackish 
water were approximately 11 ~tmol Pi " r ag - i  protein �9 h-1. The activity of rnitochondrial  
ATPase is thus 47 % of the activity of Na-K-ATPase, a result indicat ing that bo th  enzymes 
are present  in the branchial  tissues of shore crabs in comparable activities. 

As outl ined by Siebers et al. (1990), mitochondrial ATPase has previously  been  
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Fig. 4. Carcinus maenas .  Properties of branchial mitochondrial ATPase. Samples of pooled 
mitochondrial fractions 2 -6  (see Fig. 2 and upper photo, Fig. 3) obtained by density gradient 
centrifugation were analysed for ATPase activity. The fractions were obtained in the same way  as 
detailed in the l egend to Fig. 2. Activities were determined in the presence of 20 mM NaC1, KC1, or 
KHCO3 in absence and in the presence of 5 mM KSCN or 1 ~g . m1-1 oligomycin. Bars represent  

means _+ s.d. obtained from a sample size of n = 5 

c o n s i d e r e d  as p l a s m a  m e m b r a n o u s  C I - - A T P a s e  l o c a t e d  in the  g i l l s  of f i s h e s  a n d  crusta-  
c e a n s  ( s ee  a lso  Kirschner ,  1979).  In add i t i on  to the  w o r k  p u b h s h e d  in  1990,  th e  p r e s e n t  
p a p e r  d e s c r i b e s  the  m i t o c h o n d r i a l  A T P a s e  as  b e i n g  strictly b o u n d  to ce l lu lar  p a r t i c u l a t e s  
r e p r e s e n t e d  b y  the  c o m b i n e d  m i t o c h o n d r i a l  fract ions  u n c o n t a m i n a t e d  w i t h  p l a s m a  
m e m b r a n e s  (Fig. 2). Th i s  w o r k  d i rec t ly  c o m p a r e s  b i o c h e m i c a l  data  of  part ia l ly  pur i f i ed  
m i t o c h o n d r i a  w i t h  m o r p h o l o g i c a l  s tructures .  M i t o c h o n d r i a l  l o c a l i z a t i o n  w a s  d e m o n -  
s t ra ted  b y  t r a n s m i s s i o n  e l e c t r o n  m i c r o s c o p y  of  th e  r e s p e c t i v e  p o o l e d  d e n s i t y  g r a d i e n t  
fract ions .  T h e s e  p u r i f i e d  m i t o c h o n d r i a l  fract ions  a l so  s e r v e d  to a n a l y s e  the  e n z y m e ' s  



444 D. Siebers, J. Hentschel,  K. B6ttcher & C. Lucu 

2O 

0 

0.. 

t -  

O o. 10 

"6 

._> -~ 

.y 
0 
O) 
o. 0 

O0 | i i i = i 

0 10 20 3 0  

Concentrotion of CaCI 2 ( mlvt } 

Fig. 5. Carcinus maenas. Inhibition of branchial mitochondrial ATPase by Ca 2+ ions. Samples of 
pooled mitochondrial fractions 2-6 (see Fig. 2 and upper photo, Fig. 3) obtained by density gradient 
centrifugation were analysed for ATPase activity. The fractions were obtained in the same way as 
detailed in the legend to Fig. 2. Concentrations of Ca 2+ ions varied between 0 and 30 raM. Activities 
were determined in the presence of 20 mM KC1 and 1 ~g. ml -t  oligomycin. Bars represent means _+ 

s.d. obtained from a sample size of n = 5 

properties such as alkah ion dependence ,  bicarbonate  activation and  inhibi t ion by 
calcium ions, thiocyanate and  oligomycin. Besides other activators, anions with 3 oxygen 
atoms have been  shown to increase the specific activity of mitochondrial  ATPase, HCO3-,  
HSO3- and  HSeO3- (Ebel & Lardy, 1975). Published properties of mitochondrial  ATPase 
thus correspond to the properties of the crab enzyme found in the mitochondrial  fractions 
of the density gradient. 

Susceptibihty of activity of the partially purified enzyme to the presence  of ohgomy- 
cin and Ca 2+ ions implies that the enzyme in question is the mitochondrial  ATP synthase 
(Lardy et al., 1975). Since in crab gills the majority of mitochondria is e m b e d d e d  in the 
dense network of basolateral  plasma m e m b r a n e  invaginations,  the sites of ATP synthesis 
in mitochondria and  ATP utlhzation by Na-K-ATPase present  in plasma m e m b r a n e s  are 
located in close vicinity. The relation be tween  ATP synthesis and  consumpt ion  was 
shown by Siebers et al. (1990) using crude gill homogenates.  They found  out that in  
posterior gills of shore crabs C a r c i n u s  m a e n a s ,  t he  activities of both enzymes  were 
increased greatly in osmoregulat ing specimens main ta ined  in  brackish water  of 10 %~ S. 

As both enzymes require different ionic milieus in their incubat ion  media  and  as they 
are specifically inhibi ted by different antagonists  (oligomycin and  ouabain),  they can be 
individually de termined in the same sample. Therefore, the milochondrial  ATPase is 
considered as a rehable indicator of the presence of mitochondria and  may thus be used 
as a mitochondrial marker  enzyme. 
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