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S U M M A R Y  

An SCN - inhibi ted,  HCOa- - s t imu la t ed  ATPase  (ATP phosphohydro lase ,  EC 
3.1.6.3) has been shown to be localized in the  oxynt ic  cells of Nec turus  gastr ic  mucosa.  
Carbonic anhydrase  is also associa ted with  this  cell type.  High ac t iv i ty  of the  ATPase  
was found in a pure smooth  microsomal  fract ion of a homogena te  of these oxyn t i c  
cells. A m e t h o d  is descr ibed for solubi l izat ion of the  enzyme resul t ing in a m a r k e d  
increase in the  sens i t iv i ty  to HCOa and SCN . High ac t i v i t y  of the enzyme is found 
in t issues of Nec turus  which t r anspor t  H + and /o r  C1 and which have a high carbonic  
anhydrase  content .  

I NTRODUCTION 

Amph ib i an  gastr ic  mucosa  has been shown to have an ATPase  (ATP phos- 
phohydro lase ,  EC 3.1.6.3) which is inh ib i ted  by  SCN and s t imu la t ed  by  HCOa-  
(refs. I ,  2). This ATPase  is found in high concent ra t ion  in the  microsomal  fract ion of 
the  gastr ic  homogenate2,  a and  its appearance  in the  s tomach  dur ing ontogenet ic  
deve lopmen t  coincides wi th  the  deve lopment  of acid secre tory  po ten t ia l  4. 

On the  basis of these observat ions ,  i t  was pos tu la t ed  t ha t  this  gastr ic  ATPase  
was involved  in ion t r anspor t  across the  luminal  membrane  of the  oxynt ic  cell 1. 
More specifically, i t  was suggested tha t  the  enzyme ca ta lyzed  a HCOa--C1 exchange  
mechanism in the  luminal  membrane  5. 

As, however,  enzymes with  s imilar  proper t ies  were found to be present  in o the r  
t issues 2 and since the  methods  used for gastr ic  mucosa  d id  not  allow local izat ion of 
the  enzyme in a given cell type ,  the poss ib i l i ty  remains  tha t  this  ATPase  is not  involved  
in acid secretion. 

In the present  paper ,  suspensions of isola ted oxynt ic  cells were prepared ,  and  
shown to contain  in thei r  smooth  microsomal  fract ion a pa r t i cu la te  ATPase  of high 
specific a c t i v i t y  and sens i t iv i ty  to SCN and  HCO a. The enzyme was solubil ized wi th  
significant increase in specific ac t iv i ty ,  HCOa-  ac t iva t ion  and SCN- inhibi t ion.  In  
add i t ion  the  d i s t r ibu t ion  of the  enzyme in different t issues of Nec turus  was examined .  

Abbreviation: HEPES, N-2-hydroxyethylpiperazine-N-z-ethanesulfonic acid. 
* To whom correspondence should be sent. 
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METHOI)S  

Isolated oxyntic  cells were prepared from Necturus gastric mucosa as previously 
described ". Five cell fractions were successively collected, with a progressive increase 
in oxvntic cell content.  Oxvntic  cells in the cell suspension were identified using the 
nitro BT stain for succinate dehydrogenase 7 as outlined in the previous papeP.  Cell 
suspensions were homogenized in o.25 M sucrose with 2o lnM Tris HC1 (pH 7.4) using 
a teflon pestle hoinogenizer at 3ooo rev. / min for 20 strokes. 

The cell homogenate  produced by the above methods was centrifuged to pro- 
duce a crude nuclear (I.  IO a ~ g.inin), heavy mitochondrial  ( I - IO '~ :~ g.min) ,  light 
mitochondrial  (7" I°'~ > A"min), microsomal (b. IO G ,: 2"rain), and supernatant  frac- 
tion. 

In some experiments the 7-IO'5 x g -min  and (~.IO"× g .min  fractions were 
layered on a linear sucrose gradient (2o-50 %). Bands were collected following 16 h 
centrifugation in an SW25 rotor, and the sucrose density was measured by an Abbe 
refractometer.  Enzyme  assay was carried out on each fraction. 

An aliquot of each band was fixed in ~ % OsO4 , centrifuged and the pellet 
embedded in epon. Thin sections were then examined by light and electron microscopy. 

Another  aliquot of the band containing the highest ATPase specific activi ty 
was analyzed for RNA content  by measurement  of absorption at 26o nm and for 
phospholipid composition. For the latter, I nfi of sample was incubated overnight  
with 25 ml of clfioroform methanol (I : I, by w~l.), filtered and 3 ml saline added to the 
filtrate with mixing. The top laver was removed following centrifugation. Tim filter 
paper was washed with chloroform methanol  and this was again mixed with saline, 
centrifuged and the top layer removed. The bo t tom layers were combined, washed 
three times with saline-chloroform ( I : I ,  by w)l.) and then solid Na2SO 4 was added 
to bot tom layer of final washing. This was filtered, and the filtrate dried under N.,. 
The dried material  was dissolved in chloroform and an aliquot taken for phosphate  
determinat ion s and thin-layer chromatography  9. 

Solubilization of the enzyme was carried out using Tri ton X-Ioo.  Other deter- 
gents, such as lubrol and sodiunl dodecyl sulfate were relatively ineffective. In preli- 
minary  studies, varying ratios of Tri ton:  protein (as measured by the Lowry et al. 
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Fig. [. The etlect of  va ry ing  T r i t on  : p ro te in  ra t io  Oll so lub i l izat ion of the HCOa- -ac t i va ted  ATPase 
s h o w i n g  t h a t  {it ~tbout a 3 : i r a t i o  t h e  m a x i m a l  so lub i l i z a t i on  is o b t a i n e d .  
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method) were used. Since it was shown that a Triton : protein ratio of 3 : I resulted in a 
high specific activity of the supernatant (Fig. I) and gave the most stable enzyme 
preparations and the most reproducible results, this ratio was used in all subsequent 
experiments. After treatment with triton, the suspension was centrifuged at o ° for 
I h at I .  io 5 × g. The supernatant was used as the soluble enzyme, and stored in the 
refrigerator. 

For measuring activity in other organs, whole homogenate was assayed for 
ATPase activity, HCOa stimulation and SCN- inhibition following Triton X-Ioo 
solubilization and compared with whole gastric homogenate. 

The enzyme was assayed in a medium containing 2 mM ATP or other nucleotide, 
2 mM MgC12 20 mM N-2-hydroxyethylpiperazine-N-2-ethanesulfonic acid (HEPES) 
buffer (pH 7.4) with or without 2o mM NaHCO~ or IO mM NaSCN. The phosphate 
liberated was measured by the method of FISKE AND SUBBAROW TM or YODA AND 
HOKIN n following a 2o-min incubation. Results are expressed in ffmoles phosphate 
liberated per mg protein per h. Protein was measured by the LowRY el a l .  12 method. 

Carbonic anhydrase was measured according to PHILPOT AND PHILPOT la. 

RESULTS 

Fig. 2 shows the relationship between the specific activity of the ATPase, car- 
bonic anhydrase and the number of oxyntic cells present in the preparation as measur- 
ed by succinate dehydrogenase staining. Tile activity of both enzymes is related to 
the number of oxyntic cells. The first two cell fractions which have little HCOa-- 
activated ATPase are also relatively devoid of oxyntic cells. 

Table I shows the distribution of the ATPase activity in different subcellular 
fractions before solubilization with Triton. The highest activity appears to be in the 
mitochondrial and microsomal fractions. In electron microscopy, these fractions are 
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Fig. 2. The relationship between HCOs--ATPase and carbonic anhydrase act iv i ty  and percent of 
succinate dchydrogenase ceils obtained by sequential iso]stion from pronase treated Necturus 
g a s t r i c  m u c o s a .  
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mixtures containing both initochondria and microsomal aggregates. The supernatant 
does not contain ATPase activity. 

Linear gradient centrifugal!on of the microsonlal fraction shows great concentra- 
tion of activity in the threshold band and in a band suspending at a density of I.O 9 
(Table II). Electron micrographs show this latter band to be a relatively homo- 
geneous suspension of smooth vesicles (Figs. 3 and  4)- 

The whole oxyntic cell of this species contained 32.8 #g  phospholipid phos- 
phorus per nag protein consisting of 47 % phosphatidyl choline, 32 °o phosphatidyl 
ethanolamine, II % sphingomyelin and 7.6 % cardiolipin. The high activity vesicular 
fraction contained 27. 5/~g phospholipid per mg protein consisting of 35 % phospha- 
tidvl choline, 6o % phosphatidyl ethanolamine and 5 % sphingomyelin. There was 
also a high content of neutral lipids, accounting for 5 ° % of total lipid. Pronase treat- 
ment of the inucosa does not significantly affect the properties of the isolated oxyntic 
cells used as the starting material for this preparation 6, and whether the isolated 
oxvntic cell is used, or scrapings of the whole mucosa are used, the high activity 
fraction bands at the same density. 

Table III compares some of the properties of the particulate and solubilized 
enzyme. The degree of HCOa activation markedly increases with solubilization, as 
does inhibition b y  S( 'N . In  some preparations, a dependence on HCO a for ATPase  
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l~'ig • 3. E l e c t r o n  m i c r o g r a p h  of  p a r t  of  t h e  b a n d  c o l l e c t e d  a t  a s u c r o s e  d e n s i t y  o f  I . o9 ,  shoxxinK 
a f a i r l y  h o m o g e n e o u s  c o m p o s i t i o n ,  x 6 o o o .  
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Fig. 4. D e t a i l  of band  co l l ec t ed  at  a d e n s i t y  of 1.o 9. S m o o t h - s u r f a c e d  m i c r o s o m e s  d o m i n a t e  the  
p ic ture ,  x 3 o o o o .  

T A B L E  I l l  

A T P a s e  A C T I V I T Y  O F  T H E  P A R T I C U L A T E  A N D  S O L U B I L I Z E D  E N Z Y M E  P R E P A R A T I O N  S H O \ V I N G  T H E  

S T I M U L A T I O N  A N D  I N H I B I T I O N  O B T A I N E D  \ V I T H  2 0  m M  H C O : ~ -  A N D  I O  m M  S C N - ,  R E S P E C T I V E L Y  

E~*zymt .4 TPase activity (/¢moles Pi per mg per h) 

3Ig 2~ HCO a S C N  HCO:~ ~ .qCN 

P a r t i c u l a t e  , I  .4 3 t .o3 16.7 I5.23 
S o l u b l e  32.6  toI  .o6 I4.2 r2.98 

a c t i v i t y  occurred, but as a general rule the HCO:~ st imulat ion of ATPase act iv i ty  ot 
the soluble preparation ranged from 3 to 7 t imes in Necturus.  

Fig. 5 shows the distribution of e n z y m e  in different tissues of the Necturus.  
The highest act iv i ty  was obtained in the gills of this animal. ATPase of the antrum 
had a low specific act iv i ty  and was not sensit ive to HCO:~- and SCN.-  

DISCUSSION 

The present work shows that in Necturus gastric mucosa,  a SCN--HCOa -sensi- 
t ive ATPase is localized in the oxynt ic  cell. This enlarges on the observation of I;owrE 
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el al. ~ t ha t  in deve lop ing  tissue the appea rance  of the  enzyme coincides with the  
funct ional  d i f ferent ia t ion of the  oxyn t i c  cell. 

E lec t ron  microscopic s tudies  have also shown tha t  the  HCO a -sensi t ive ATPase  
is localized in the  apical  microvi l l i  of the  toad  oxynt ic  cell 14, and  carbonic  anhydrase  
has a p p a r e n t l y  a s imilar  local izat ion 15. The high ac t iv i ty  of the ATPase  in the smooth  
vesicular  e lements  of the oxynt ic  cell homogenates  subs tan t i a t e s  these electron 
microscopic observat ions  in the  in tac t  tissue. These vesicles m a y  be der ived from the 
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Fig. 5- The occurrence of the HCOa---activated SCN -inhibited ATPase (solubilized) ill Necturus 
gills, gastric fundus, antrum, kidney and brain. 

apical  microvi l l i  of the  oxyn t i c  cell, the  rest  of t i le p l a sma  m e m b r a n e  of the  cell, or the  
smooth-sur faced  endoplasmic  re t iculum.  The larger  p ropor t ion  is p re sumab ly  der ived  
from the apical  microvi l l i  since these comprise  the  largest  amoun t  of smooth mem- 
brane  e lements  in the  oxyn t i c  cell. A l though  these vesicles had  a high ATPase  
ac t iv i ty ,  there  was v i r tua l ly  no nucleoside mono- or d iphospha tase  ac t iv i ty .  

Solubi l izat ion of the  ATPase  was achieved using a non-ionic detergent ,  Tr i ton  
X-zoo.  The me thod  produced  a h ighly  act ive p repara t ion ,  and  has been appl ied  to a 
va r i e ty  of t issues from var ious  species (G. SACHS, unpubl i shed  observat ions) .  

As a consequence of solubi l izat ion there  was a m a r k e d  increase in the  s ens i t i v i t y  
of ATP hydro lys i s  to HCO3- s t imula t ion  and SCN-  inhibi t ion.  The solubil ized enzyme 
showed a lO-15 ° o residual  ac t iv i ty  in the  presence of SCN , and a be t t e r  t han  3-fold 
s t imula t ion  b y  HCO 3 . 

The  ac t iva t ion  of the basal  Mg2+-ATPase ac t i v i t y  by  HCO a , or conversely  ti le 
inhibi t ion  of this  basal  MgZ+-ATPase ac t i v i t y  b y  SCN-,  m a y  be considered analogous  
to the  ac t iva t ion  of the  (Na + + K+)-ATPase  b y  the presence of Na  + + K + or the  
inhibi t ion  of this  enzyme by  ouabain.  

Thus,  in the  case of the Tr i ton-solubi l ized  enzyme,  there  would appea r  to be a 
selective ex t rac t ion  of the  HCO 3 - ac t iva t ed  enzyme.  The ac t i v i t y  in the absence of 
added  HCO 3 could be due to the  presence of a non-specific ATPase,  or also to  
ac t iva t ion  of the  "HCOa -ATPase"  by,  for example ,  O H - .  Hence there  will be SCN-  
inhibi t ion  in the  absence of added  base,  as was found to be the  case. The SCN--  
insensi t ive ac t iv i ty  m a y  then be regarded  as being due to a non-specific Mg2+-ATPase. 

I t  has  been suggested t ha t  acid secret ion is a consequence of inward  HCOa 
t r anspo r t  across the oxyn t i c  cell membrane  TM and  DURBIN AND K A S B E K A R  5 have  
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suggested that this ATPase is involved in HCO 3 -C1 exchange.  The marked increase 
of H C 0  3- act ivation obtained with the partial purification occurring as a consequence 
of solubil ization could, therefore, be regarded as circumstantial  evidence that this 
e n z y m e  could indeed be involved in HCOa transport.  

In view of this, when the act iv i ty  in different tissues is compared in Necturus,  
the highest act iv i ty  was found in the gills. Certain gills absorb Na + and secrete H ~, 
perhaps b\' an N a ~ - H  + exchange mechanismlL This tissue has a high carbonic an- 
hydrase content  TM. Na + reabsorption is inhibited by diamox 19 as is the H~ secretion 17. 
In the case of the gastric mucosa d iamox inhibits CI- transport 2° and acid secretion 21. 
The effect, therefore, of a carbonic anhydrase inhibitor on transport in these tissues, 
and the presence of an e n z y m e  st imulated by HCO a , a product of the carbonic 
anhvdrase reaction, would also argue for a role of the ATPase in transport. The ATPase 
itself is not sensit ive to diamox,  hence since d iamox inhibits transport in both gills 
and gastric inucosa, it is l ikely that carbonic anhvdrase is functionally l inked to 
the ATPase. 
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