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We have previously shown &at an active (H ++ K+)-ATPase can be ex~acted from gas~ic a~c~ 
membran~ us~g n-ocfflglucos~e (Soum~mo~ A., Grda~ F. and Lewi~ MJ.M.  (1983) Bioc~m. B~phy~ 
A~a 73~ 579-585). This ex~a~ confined an h~ome~c enzyme d 390-420 kDa and c o ~ n e d  68% ~ ~e  
K %sfim~a~d ATP~e spec~c activi~ ofi~nMly ~ e n L  We demons~a~ h~e ~ ~activatio~ induced 
during a mo~ d~sicM~ deigned protocol, ~ ~soci~ed wi~ ~e  appea~nce ~ smaller, polymorphic 
s t r u c ~ s  wi~ molec~ar m~s d 330-360 and 240-250 kDa ~tim~ed u~vg m ~ e c ~  ~¢ve chromato~a- 
phy and ~ycer~ ~a~ents. Th~ sugges~ that (H ++ K +)-ATPase solubfl~ation by woc~l~uco~de ~ a 
com~ex process i n v ~ n g  fi~t ex~action of the enzyme as an active polyme~ wi~ sub~que~ depolymeri- 
cation and inactivation d t~s polyme~ Depo~mefization was spe~fically sm~ed by ~eating the ~rge 
h~ome~c n-oc~l~ocoside~x~acted (H + + K +)-ATPase wi~ ivc~asing concen~ations ~ efther n-oc~l- 
glucoside or cholate. De~ent- induced changes we~ c h ~ a c ~ z e d  by cenffi~gation on ~ycerol ~ad~m~ 
Progressive ~s~acement ~ ATPase a c t i ~  ~to three ~ f f e ~  peaks at 32%, 26% and 20% ~ycerol was 
found wi~ ~ c ~ g  de~rge~ concen~ations, wOc~l~uco~de ~ d  enzyme actiGfi~ and w~ mo~ 
deklerious for phosphata~ &an for ATPase activi~. Moreove~ ~ indvced the ~ o c i a t i o n  d p h o s p h a ~  
and ATP~e ~s~ibution proffle~ At concen~afions ~ ~2 ~ 1.15%, ch~a~ ~duced ~e  ~s~aceme~ d ~e  
~ycerol gra~e~ proffies but no ~ss d actidfies and no ~ o c i a t i o n  of phosph~a~ and ATPa~ pro~e~ 
Higher concen~ations of ~ d e ~ e ~  (2.5%) Mso inactivated the ATPa~ concomitantly wi~ ~e  
appe~ance of a protein peak with no ~ t e d  activi~ at 16-18% ~yceroL From t~s s~dy we suggest that 
s~u~za t ion  ~ gastric (H ++ K+~ATP~e can be ac~¢ved through ~e  ex~acfion ~ a polym~ by 
woc~iglucoside and through subsequent depolymerization u~ng c h d ~  We suggest ~ ~e  ~ f f e ~  ~zes 
coffespond to monomer, ~me~, ~ime~ and perhaps ~ a m e ~ .  The monome~ were apparently ~active 
under p~se~  te~ cond~ons. 

Located on the a p ~  membrane of the secret- 
ing p a f i ~  cell, (H÷+ K÷~ATPase is widdy 
thought to be involved in gastric H ÷ secretion. 

* To whom correspondence should be sent. 

T~s enzyme has been reposed to be a membra- 
neous p ~ y m ~  of 95 kDa s u b u ~  [1]. Its mono- 
m~s, ~ e d  afar  so&um d o d e c ~ s ~  mem- 
brane ~e~ment, are ~active and s~ubilization of 
an active form of (H÷+ K+~ATPa~ has ~ng 
been unsucc~sfuL It is st~ a m ~ r  of debate 
wh~h~  the mi~mM f u n ~ n M  stru~ure is mon~ 
mefi~ ~mefi~ tfimefic or ~ a m e f i c  [1-5]. S~u- 
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bifization of an active ( H + +  K+)-ATPase was 
achieved u~ng n-octylglucoside [6,7] and the ex- 
tracted enzyme was a large polymer which elicited 
transport capadty a~er reconstitution on fipo- 
somes [8]. 

To gain fu~her in~ght into structure-function 
relationship of the enzym~ it will be necessary to 
isolate, separate and reconstitute ( H + +  K+) - 
ATPase subunits in an undenaturated state. As a 
first approach, the present study is an attempt to 
better understand n-octylglucoside-ATPase in- 
activation during solubifization. Preliminary re- 
sults were presented in a congress report [7]. 

MmefiMs ~ d  M ~ h ~ s  

MawNa~ 
p-Ni~ophen~ phosphat~ dithiothrdtol, ATP 

(magnesium sN0, Nycerol, cholic add, phos- 
phoenolpyruvate and Hepes buffer were purchased 
from Ngma ChemicN Company (St. Louis, MO, 
U.KA.). Cholate was recrystMfized before use. Tris 
buffer was purchased from Merck (Darm~adt,  
F.R.G.), n-octyl~ucoNde and pyruva~ kinase 
(NycerN solution) ~om Boehringer (F.R.G3. 

MeNods 
Preparation of gastric ves~les. M~rosomN frac- 

tions were prepared in sucrose bu f~ r  (sucrose 250 
mM, Hepes 40 mM buffered at pH 7.3 with Tris 
powde~ dithiothr~tol 2 mM) from fresh hog 
stomachs by differentiN centrifugation as previ- 
ou~y described [9]. The gastric membranes were 
purified by discontinuous sucrose gradients [6]. 
The band of mate r iN 'a t  the in~fface of the 
8.3-30% sucrose laye~ was co l~c~d and used in 
this study. 

Assay procedures. Protons were determined 
according to Bradford [10] u~ng bo~ne  serum 
Mbumin as standard. ATPase activity was mea- 
sured as p re~ou~y described [6] in the presence of 
2 mM ATP-M~ 4 mM phosphoeno/pyruva~, 1 
uni t /ml  pyruvate kinas~ 40 mM Hepe~Tris (pH 
7-7.2) with cr without 20 mM KCI. Phosphatase 
acfi~ty was measured as pre¼ouNy described [6] 
in the presence of 5 mM p-ni~ophen~ phosphat~ 
5 mM MgClz, 40 mM Hepe~Tris (pH 6.9) with or 
without 20 mM KCI. Phosphorylation was mea- 
sured as pre~ouNy described [6] in the presence o[ 

5 ~M [y-~P]ATP, 2 mM MgC12 plus or minus 20 
mM KC1. 10-s incubations were performed at 
0 - 4 ° C  and stoppped by preopitafion in add. 

Solubi#zaron of A TPase acidity. Gastric mem- 
branes (10-15 mg/mD were treated at 0°C with 
n-octylgluco~de 1.5% for 15-30 min. These ex- 
tracts (whole ex~act) were subsequently ~ther 
centrifuged for 1 h at 40000 rpm (70 Ti rotoL 
Beckman) to obtMn a 100000 × g supernatant or 
diluted 20-fold in detergen~free sucrose buffer 
and centrifuged for 45 min at 40 000 rpm (70 Ti 
roto~ Beckman) to obt~n a p~let cont~ning 'n- 
octylglucoside-ex~acted (H + + K +)-ATPasC. The 
p~let  was resuspended in 0.5% n-octyl~ucosid~ 
treated with 0.5-1.9% n-octylglucoside or 
&25-L15% cholate at 0°C for 10-30 min, and 
centrifuged on ~ycerol gradient .  

G~cerol gradients. Gradients were made as pre- 
viously described [6] u~ng successive laye~ of 18, 
20, 23, 26, 29, 32, 35, 38 and 41% glycerol pre- 
pared in sucrose buffer which cont~ned tither 
0.5% n-octylgluco~de (series A and B) or 0.1% 
cholate (series C). Membrane extracts (1 to 1.35 
ml) were layered on top of the gradient (15.65 ml) 
and centrifuged at 40 000 rpm for 2 h in a Beck- 
man 70 Ti roto~ 

Sephacryl co~mn~ Column (1 cm × 60 cm) was 
packed w~h Sephacryl $400 gd  (Pharmada Fine 
Chemical~ ~nd equihbrated with 50 mM Tris-HC1 
(pH 7.4), 0.2% cholate and 100 mM NazSO 4 prior 
~ution of the membrane extracts. 

R e s ~  

L S ~ u b ~ z ~ n  of gastric membran~ wi~ n-oc- 
~lglucoside 

G~tr i c  membran~ w~e  s~ubH~ed ufing n- 
octyl~uco~de and proteins p r~en t  ~ h e  'w h ~e  
extracf or the '100 000 × g s u p ~ n ~ a n f  were sep- 
arated by ~ y c ~  gra~ents or Sephacryl gd chro- 
m ~ o g r a p ~ .  

I1. G~cerol gra~en~ W h e ~  native ga~ric 
membran~  centrifuge ~ tight pell~s, 95-100% of 
the proteins present in the wh~e  extract and the 
100 000 × g su p ~n ~an t  were recovered wi t~n the 
~ y c ~  gra~ents. Protons ~ the wh~e extract 
w ~e  b roa~y  ~ r i b u ~ d  ~ h e  gra~ent  from 15 
to 32% ~ y c ~  (Fig. 1). Protons of the 100000 × g 
supernatan~ ~pr~en t ing  65-76% of the who~ 
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~ g  1. Pro~ns, ATPas~ ~trophen~pho~h~ase ~NPPas~ and ~ o s ~ o ~ o n  W o ~  ~ a wh~e extract on ~ e r o l  ~a~en~. 
Gastric membranes (11.9 mg/~)  were ~e~ed ~ th  1.5% n - o ~ u c o ~ d e  ~r 30-60 ~ n  at 0°C, ~aded on t ~  ~ ~ e r d  ~a~en~ 
and c e m r i ~ d  for 2 h at 400~ ~m. Grad~ms were c ~ e d  and acfi~fies me~u~d as described ~ M~eri~s and M~ho~. T~s 
proffie ~ representative of a series of ~ur ~a~ems. 

extract proteins, r e m ~ n e d  in the tightest gradient  

f fact ion~ with a peak at 18% glycerol (Fig. 2). 
In the whole extracL K+-sfimulated ATPase 

was present in one broad peak, whose maximum 
was at 26% Oycerol (Fig 1). This peak accounted 
for 45-52% of activity present in the nativ~mem- 
brane~ Both K+-sfimulated phosphatase and K +- 
senfifive phosphorylation had broader di~fibu- 
tions with severM apparent peaks; one at 18-20% 
glycerol; a m~or peak at 26% glycerol, which 
ove~apped that of ATPase activity and a third 

minor  peak at 30-34% glycerol. The d i~ f ibuf ion  

of phosphatase and  phosphoryla t ion  activities 

more d o s d y  para l lded  the d i~ f ibu t ion  of t o t ~  
proteins than did that of ATPase  actifity. 

K+-dependent  ATPase in the 100000 × g  su- 
perna tan t  was present  in a t ingle peak which was 
m a x i m ~  between 21 and 24% glycerol according 

to the preparat ions  tested (Fig. 2). This peak 
accounted for only 12-16% of the t o t ~  ATPase 

activity present in the of iginfl  membrane  prepara- 

tions. The profile of d i~f ibuf ion  was strikingly 
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Fi R 2. Proteins, ATPase, p-nitrophen~phosph~ase (pNPPas@ and phosphorylation profiles of a 100000 × g supern~ant on ~ycerol 
gra&ents. Gastric membranes 0 2  mg/ml) were ~eated with 1.5% n-oct~ucos~e for 30 min at 0°C and centrifuged for 1 h at 
40000 rpm. The supern~ant was collect& ~aded on top of a ~ycer~ gra~ent and centrifuged for 2 h at 40000 rpm. Gra&ents were 
collec~d and the actififies were measured as described in Ma~riMs and Me~od~ except phosphorylation w~ch was measured ~ the 
presence of [~ ~ ~ATP tracer only (no unlabelled ATP) to ~crease the sen~fi~ty of the assa~ These profiles are represen~tive of a 
series of three gra~ent~ 
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Fig 6. P r ~ o ~  Mg2+-ATPase and (Mg2+ + K + )ATPase proNes of e~ra~ed hMomeric ATPase fol~wing ~e~ment  with chMa~ 
and centfifugafion on NycerN gra~ent~ Gastric membran~ (13.2 and 12.4 mg of protein/ml) were sNuNfized with 1.5% 
n-octyl~ucos~e for 20 rain N 0°C, ~ d  154Md ~ 2 mM ~thiothreitol, 40 mM Hepes-Tfis (pH 7.3) and centrifuged ~ r  1 h at 
40000 rpm. P ~  were suspended at 13.2 and 10.1 mg of protein/ml and ~ea~d with ~95% and 1.1% chNate, respecfivdN T ~ a ~ d  
ma~riMs were ~aded on mp of the gra~ents wNch contNned 0.5% n-ocfflNucoNde (samNe wi~ 0.95% c h N ~  or &1% chMa~ 
GamNe wi~ 1.1% chNate). 

Fig. 6 illu~rates a particular feature which was 
repeatedly found when high concentrations of 
cholate of n-octylglucoside were used. A protein 
peak appeared on top of the gradient, in very hght 
fractions (16% glycero0. This peak was not associ- 
ated with an enzyme activity, suggesting that the 
corresponding structure was inactive. Increasing 
cholate concentration up to 2.5% inhibited all 
activity. 

D~cusf ion  

Solubihzation of an active (H++ K+)ATPase 
has, so fac only been achieved ufing n-octyl- 
glucoside. The most active solub~ form was a 
large polymer of 390-420 kDa. In this study, we 
demon~rate that ~eatment with n-octylNucoside 
for longer times decreased acti¼ty and created 
smaller polymorphic structures. Loss of activity 
was particularly impo~ant for phosphatas~ Dif- 
ferentiN recovery of the two subpans of (H++ 
K+)-ATPase activity is not a new concepL having 
been described during enzyme inactivation with 
thimerosM or phospholipase [12,13]. Howevec this 

study demon~rates that the inhibition of (H++ 
K+)ATPase activity is associated with the ap- 
pearance of smaller protein structures. Rdevance 
of such data to the function of the ATPase will 
require more information on structure-activity re- 
lationships. 

The present data suggest that solubilization of 
(H÷+ K+)ATPase can be dissociated into two 
steps: the extraction of a large polymer and its 
subsequent depolymefization. Although n-octyl- 
glucoside is, at present, the only detergent success- 
ful for ex~action, our study demon~rates that 
cholate, recently used for (H++K+)ATPase  
reconstitution [81 is preferable for depolymefiza- 
tion because it decreased the inactivation (up to 
1.15% detergen0. It should be noted that when 
cholate-ueated samples were centrifuging on n-oc- 
tylgluco~de-containing gradients, a marked de- 
crease of phosphatase activity was found due to a 
loss of activity during centrifugafion. This demon- 
strated that phosphatase inactivation by n-octyl- 
gluco~de was not due to depolymerization i~d~ 
which could be obtained to a Nmilar degree but 
without inactivation, using cholate but to a inhibi- 
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tory effect of n-octyl~ucofide on the enzyme. 
As previously found ~], Nycer~  medium N- 

lows a good recovery of soluble ATPase acti~ties. 
It Nso enables separation of protNns as effidenfly 
as that seen with m~ecular  fieve chromatography 
in the ~ange of 250 to 450 kDa m~ecular  masses. 
Elution on Sephacryl gds  wa~ howeve~ ddmeri-  
ous to enzyme acti~ty. Recoveries were espedally 
low in fractions contNning the lightest structures. 
Moreove~ in most case~ reconstitution with phos- 
pholipid was required to recover K%senfitivity of 
lhe ATPase following molecular sieve chromatog- 
raphy. Therefore, ~a~iona t ion  of ATPase act i~ty 
on NycerN gradien~ was pre~rable.  

The slfifl of ( H + +  K + ) A T P a s e  d~tribution 
induced by ch~a te  or n-octylNucofide ~eatm~nt 
could be i n ~ r p r e ~ d  as the appearance or disap- 
pearance of succesfive forms of enzym~ Thus, 
subtraction of profiles should emphasize the ex- 
i~ence of spedfic entities. Such an an~ y~ s  of 
n - o ~ u c o ~ d ~ v e a ~ d  profiles sugge~s the p re~  
ence of three K%ATPase  ~ructures at 30=31% 
Nycer~,  24-26% and 20-21%. These were assod- 
ated with protein peak~ at 31, 24 and 19-20% 
~ycerM, howeveL a fou~h p ro tdn  peak at 16-18% 
Nycer~  was Mso present. UNng the same analys~ 
for cholate ~ e a ~ d  samp~s d e m o n ~ r a ~ d  that 
K ~ s f i m u l a ~ d  ATPase could be separated into 
three peaks at 32-34%, 26-27% and 20% ~ycerol  
whose location was very dose to those found 
u~ng n-octyl~uco~de. A fourth peak of protein 
was Mso found at 16% ~yce r~ .  Phosphatase acfiv- 
i ~  was a ~ o d a ~ d  with all ATPase peaks. How- 
ever, it ~as unclear whether the fourth 16% ~ycerol  
peak of p ro tdn  was truly inactive in c h ~ a t ~  
treated samples. This uncer t~nty was due in part  
of the low resolution achieved in that zone of the 
~ y c e r ~  gradients and the question could not be 
solved by the use of molecular sieve chromatogra- 
phy because of the low acfi~ty of duted  ffa~ions. 
A t~mpt s  to improve resNufion of gradients by 
modifying ~ y c e r ~  den~fies have so far been 
unsuccessful. 

Our results suggest that, in our condition~ 
soluble (H + + K + ) A T P a s e  can e~st  as four sub- 
structures, the s m M ~  one bong  devoid of 
ATPase acfi~ty. Thus we suggest that the Nrgest 
complex Nolated a f a r  n-octyl~uco~de ~eatment  
of the membrane co~esponds to a 390-420 kDa 

teWamec the others to a 360-370 kDa tfimer and 
to a 210-235 kDa dimer. The 16% glycerol protein 
peak might correspond to a 135-150 kDa mono- 
me~ All forms would be surrounded by a core of 
phospholipids and detergent .  The tewamer~ tri- 
mers and dimers would be enzymatically acfiv~ 
whereas the monomers would be inactiv~ How- 
eve~ it is posfible that the monomers are not 
denatured and ~ remains to be tested whether 
they will be active in a phospholipidic environ- 
ment. It should also be noted that the so-called 
te~amer~ could be an aggregate of trimers sur- 
rounded by a large core of phospholipids or dete~ 
gents. These suggestions make no assumption con- 
cerning the homogenNty or the heterogen~ty of 
the subuni~. Further expefimen~ will be required 
to clarify this point and to investigate the trans- 
port capacity of the different structures after re- 
constitution [8]. 

Extenfion of these resulu to the understanding 
of previous unsuccessful a t t emp~ to solubifize 
(H + + K + ) A T P a s e  sugges~ that n-octylgluco~de 
has been more effective because of its relatively 
low capa~ty  to depolymefize the ATPase. More- 
ove~ direct solubifization with cholate was prob- 
ably unsuccessful because the concenuations used 
immediately led to production of the m o ~  depo- 
lymerized and inactive form. 
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