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Active sodium and potassium ion transport 
is believed to depend on the enzyme com- 
plex, (Na+ + K +  ) -adenosinetriphosphatase 
(1 ) . One of the most important correlations 
linking the sodium pump to this enzyme is 
the fact that ouabain and other cardioactive 
steroids inhibit the transport function in 
whole cells and the (Na+ + K+)-ATPase 
activity in whole cells and in microsomal 
preparations ( 2 ) .  In addition, ouabain binds 
to microsomal (Na+ + K+)-ATPase in a 
number of tissues ( 3 ) .  Binding of ouabain to 
electroplax microsomes enriched in enzyme 
activity has been correlated with inhibition of 
catalytic activity (4) and alteration of other 
properties of the enzyme ( 5 ) .  Although 
there is some controversy regarding the pre- 
cise mechanism of binding, it is clear that the 
rate of ouabain binding is dependent on 
interactions of the enzyme complex with sub- 
strates, products and ligands (6-9). There- 
fore, it is believed that the ouabain-binding 
factor (OBF) is both a part of the enzyme 
complex and of the sodium pump molecular 
machinery. 

However the structural relationship of the 
OBF within the enzyme-pump complex is not 
known. An understanding of the catalytic 
properties and structure of the enzyme and 
of the way in which ATP hydrolysis is linked 
to the transport function depends on separa- 
tion and purification of the various com- 
ponents. For this purpose, the use of enzyme 
catalytic activity alone as a marker is in- 
sufficient because other linking components 
not necessary for catalysis may be lost and 
because often there are large losses in cat- 
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alytic activity during separation procedures. 
Separation of OBF from red cell membranes 
has been reported ( 10). The present work is 
an attempt to solubilize and separate bound 
ouabain from electroplax microsomes under 
conditions that preserve the ouabain in 
bound form. 

Methods. Microsomal preparations of 
(Na+ + K+)-ATPase were obtained from 
Electrophorus electricus electroplax as de- 
scribed (1 1). Initial rates of ATPase activity 
were measured at  23" by a spectrophotomet- 
ric method based on oxidation of NADH 
(4). Protein measurements in stock suspen- 
sions were performed according to an estab- 
lished method (1 2 ) .  Chromatography was per- 
formed with Sepharose 4B2 equilibrated with 
the eluent, 5 mM Tris-HC1 (pH 7.2) a t  2". 
Column dimensions were 27.5 X 1 cm. Elu- 
tion was carried out at  2" by downward flow 
at 1 m1/20 min and 1 ml fractions were 
collected. Void volume was 7 or 8 ml in 
different experiments as indicated by the elu- 
tion of blue dextran.2 A portion of each frac- 
tion was used to measure the protein content 
by the method for dilute protein samples as 
described ( 12 ) . Bovine serum albumin dis- 
solved in the eluent was used as standard. I t  
was determined that Lubrol WX" 0.25% 
(w/v), did not interfere with measurement 
of standard protein samples as low as 2.5 
pg/ml. Another portion of each fraction was 
transferred to naphthalene dioxane scintilla- 
tion counting solution for radioactivity mea- 
surements in a Packard Tricarb spectrome- 

2 Obtained from Pharmacia Fine Chemicals, Inc., 

3 Obtained from ICI America, Inc., Stamford, CT. 
Piscataway, N J. 
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FIG. 1. Elution pattern of bound ouabain (Pi-de- 
pendent). Ouabain-microsomes were obtained as de- 
scribed in the text. The incubation medium for 
ouabain binding contained in addition, 3 mM 
Tris-POc and 3 m M  MgCE. Ouabain-microsomes, 
containing 0.65 nmoles bound 'HH/mg protein, were 
incubated in 0.25% (w/v) Lubrol WX (1:l vs 
protein), 5 mM Tris-HC1 (pH 7.21,  and 0.1 mM 
2.3-dimercaptopropanol in a volume of 0.4 ml for 30 
rnin a t  2 " .  The mixture was centrifuged a t  
50,OOOg for 30 rnin a t  2". The supernatant (see 
Table I, expt. A) was applied to Sepharose 4B foir 
chromatography as described in the text. The arrow 
indicates the elution of ldextran blue. ( 0 -  -) radio- 
activity; (.-) protein. 

ter. No quenching was observed by the meth- 
od of external standardization. In other ex- 
periments, a half of each fraction was used to 
assay ATPasle activity. 

Batches of microsomes were labeled with 
ouabain as described (4) but with certain 
modifications. Microsomes, 4.55 mg protein, 
were incubated with 0.1 mM [3H]-ouabain 
(sp act 6.22 )( lo2 Ci/mole) in 75 mM 
Tris-HC1 (pH 7.4) plus other additions as 
indicated in a volume of 1 ml for 60 min at  
23'. The mixture was centrifuged for 60 min 
at  50,OOOg and 2'. The pellet was washed 
three times by resuspension in 30 ml of 5 
mM Tris-HC1 (pH 7.2), 1 mM MgC12 and 
resedimented. The washed pellet was final- 
ly suspended in 5 mM Tris-HC1 and stored 
overnight in liquid nitrogen. Prior to use, the 
ouabain-microsomes were again sedimented 
and the supernatant, which contined no sig- 
nificant radioactivity, was decanted. 

Results and Discussion. Figure 1 shows the 
elution pattern of bound ouabain which has 
been extracted into Lubrol. In  this experi- 
ment, 3H-ouabain is first bound to micro- 
somes in the presence of Mg2+ and Pi. The 
ouabain-microsomes are then incubated in 

0.25% Lubrol (w/v) (1:l vs protein) for 30 
min at 2'. After sedimentation a t  50,OOOg for 
30 min at  2 O ,  84% of the radioactivity and 
33% of the protein are found in the superna- 
tant fraction (Table I ) .  It was determined 
that free ouabain applied to the Sepharose 
4B column is eluted almost entirely in frac- 
tions 1 7  to 30. About 0.8% is eluted in frac- 
tions 14 to 20 and less than 0.005% in frac- 
tions 7 to 14. When the Lubrol extract is 
chromatographed, 54% of the applied radioac- 
tivity is found in fractions 7 to 14 (zone I) 
along with 48% of the applied protein. All of 
the ouabain in this zone is presumed to be 
bound to microsomal components. An addi- 
tional 15% of the applied radioactivity is 
found in fractions 14 to 30 (zone 11). It is 
likely that almost all the ouabain in zone I1 
is also bound to particles or aggregates of 
varying sizes. I t  is unlikely that any signifi- 
cant portion of the radioactivity in fractions 
17-30 (zone 111) is bound since we have 
found that after passage of the pooled frac- 
tions of zone I11 through Sephadex G-10, no 
radioactivity is present in the exclusion vol- 
ume with the protein. 

We do not yet know what proportions of 
bound ouabain dissociate during Lubrol ex- 
traction prior to chromatography and during 
chromatography. Therefore, we cannot deter- 
mine what proportion of the free ouabain in 
zone I11 derive originally from the micro- 
somes sedimented during the Lubrol extrac- 
tion. This information will be necessary to 
determine the total amount of OBF that is 
extracted into the Lubrol supernatant frac- 
tion. However, on the basis of available in- 
formation, we can conclude that a t  least 53% 
(zones I and 11) of the olrginal microsomal 
bound ouabain is extracted into Lubrol and 
preserved in bound form after chromatogra- 
phy. At least 45% (zone I )  of the original 
bound radioactivity is found in fractions con- 
taining only 16% of the original protein, rep- 
resenting a purification of a t  least 2.8-fold in 
this pod. 

Extracts of ouabain-microsomes in which 
the ouabain is first bound by the substrate- 
dependent path exhibit similar distributions 
of protein and radioactivity (Fig. 2 ) .  Howev- 
er, the total recovery of bound ouabain after 
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TABLE I. Extraction of Microsoiiics with 1,ubrol and Sep:ir:itioii on Scpliarose 4B CoIuinn." 

% % 
Applied to 

Expt. Total Pellet Super colunin I b  1 I b  1110 

A. 
Bound 3H 0.64 iinioles 16 84 0.40 111noles 54 15 33 
Protein 0.99 nig A7 33 0.30 nig 48 30 38 

B.  
Round 3H 0.46 nmoles 26 74 0.25 ninoles 3'7 12 46 
Protein 1.02 nig 59 41 0.30 mg 41 28 31 

c. 
(Mg'++?r'a++K+) -960 IT'.'' 47 72 U'" 7.3 0 0 

(Mg'+)-ATPase 58 ITca 62 21 U"" 23 0 0 
ATPase 

Protein 1.02 mg 56 0.42 mg 50 33 32 

a Microwmes were treated with 2.5% Lubrol WX ( 1  : 1 vs protein). The conditions for experi- 
ment A are described in  Fig. 1 a i d  those for experiment €3 in Fig. 2. I n  experiment C, native 
microsonies were treated with Lubrol and the supernatant was cliroiiiatographed as in  Fig. 1. 
The left  par t  of the Table shows total quantities in  the complete Lubrol suspension of micro- 
somes and the percentages found in the pellet and supernatant portions after centrifugation. 
The right par t  shows tot:il quantities applied to the column and tlic proportions (relative to 
quantities applied) eluted in different zones. 

bZone I consists of column fractions 7-14, zone 11, 1&20, zone TTT,  17-30. Free ouahain is 
cliited in  zone 111 when applied separately. 

U = 1 nmole A T P  hyclrolyzed per minute at 23". 
Values are for total suspension 30 miii after addition of 0.25?4 Lubrol and prior to sedimen- 

tation. The Lubrol concentration in the assay medium is 0.005%. Corresponding values for na- 
tive microsonies are: (Mg2+ + Ka+ + K+), 2373 U ;  (Mg2'), 160 U. 

Values are for activity of Lubrol extract stored a t  2 O  for 24 hr and assayed with the eluted 
fractions. Corresponding values for the extract assayed immediately as applied to coluinn are : 
(Mg2+ + Na' + K+), 338 U ;  (Mg2+), 27 U. 

chromatography is smaller. Zones I and I1 
contain 3 5 % of the original bound radioactivi- 
ty while 2 7 %  of the original bound ouabain is 
found in zone I together with 17% of the 
original protein. These data suggest that the 
ouabain bound in the Pi-dependent path 
(Fig. 1) is more stable than that bound in 
the substrate-dependent path. I t  is of interest 
that the recoverable bound ouabain exhibits 
identical elution patterns despite the different 
initial binding conditions. 

It is important to determine in what way 
the functional activities of the pump-enzyme 
complex are altered or inactivated by the 
extraction and separation procedures em- 
ployed. A Lubrol extract was incubated with 
"-ouabain, Mg2+ and Pi and chromato- 
graphed on Sepharose 4B (Fig. 3 ) .  The elu- 

tion pattern of radioactivity is similar to that 
in Figs. 1 and 2.  I n  this experiment a large 
excess of ouabain was used accounting for the 
large peak of free ouabain in zone 111. In 
the fractions of peak binding, Nos. 7 and 8, 
the average is 0.57 nmoles ouabain/mg pro- 
tein, which represents a lower limit for the 
binding capacity of the extract. This mini- 
mum value is a t  least the specific binding 
capacity of the native microsomes (0.65 
nmoles/'mg protein, Table I, Expt. A).  

The effects of Lubrol on enzyme activity 
were studied. Addition of 0.25% Lubrol to 
native microsomes results in about 60% inhi- 
bition of both the Mg2+-dependent and 
(Na+ + K+ ) -ATPase activities within 30 
min at  2' (Table I, Expt. C) .  About 47% of 
the residual total activity is found in the 
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FIG. 2. EIution pattern of bound ouabain (sub- 
strate-dependent) . Ouabain-microsomes were ob- 
tained as described in the text. The incubation medi- 
um for ouabain binding included, in addition, 2.5 
m M  Tris-ATP, 2.5 mM MgCL, and 75 mM NaCI. 
Ouabain-microsomes, containing 0.44 nmoles bound 
'H/mg protein, were inlcubated in Lubrol and the 
extract (see Table I, Expt. B) was chromatographed 
on Sepharose 4B as in Fig. 1. The arrow indi- 
cates the elution of dextran blue. ( 0  - -) radioactivi- 
ty ; ( 0-) protein. 

Lubrol supernatant fraction, representing 
about 28% of the total activity in the origi- 
nal microsomes. After 24 hr storage at  2 O ,  

the Lubrol extract contains about 3% of the 
original total activity and, of this, about one- 
third is Mg2 +- -dependent . 

In  addition, the stored Lubrol extract loses 
its ability to bind ouabain. In an experiment 
perfolrmed as in Fig. 3 but using Lubrol 
extract stored for 24 hr at 2 O ,  no significant 
quantity of bound ouabain was recovered af- 
ter chromatography. 

A Lubrol supernatant extract of native mi- 
crosomes was also applied immediately to 
Sepharose 4B for chromatography (Table I, 
Expt. C, fig. not shown). Although only 0.2% 
of the total activity in the original micro- 
somes was recovered, all of this activity was 
found only in fractions 8 to 11 which corre- 
spond to the peak fractions for bound oua- 
bain. The highest specific activity found for 
total ATPase was 55.5 nmoles/mg/min in 
fraction 8, which is 2.4% of the starting spe- 
cific activity (2.34 pmoles/mg/min, Table 
I). Mg2+-dependent ATPase was also found 
only in the same fractions and the average in 
each was about one-half of the total activity. 
These values are too low to permit adequate 

distinction from the Na+-dependent en- 
zyme. Thus, in contrast to recovery of bound 
ouabain, recovery of enzyme activity is very 
poor under these conditions. But it is signifi- 
cant that the portion which is recoverable 
exhibits the same elution pattern as does 
bound ouabain. 

These data show that: (1) ouabain binds 
to Lubrol "solubilized" components; ( 2 )  the 
ouabain bound to components after Lubrol 
extraction has the same elution pattern as 
that bound to microsomes prior to extraction; 
and (3) the preservation of bound ouabain 
is much greater than that of catalytic activity 
under these conditions. These facts meac 
that under certain conditions which inac- 
tivate the enzyme, the isotopically labeled 
OBF may be an advantageous marker for 
purification of the pump-enzyme complex 
and possibly for separation of components for 
further studies. 

Summary. Lubrol WX extracts micro- 
somal-bound ouabain- [ 3H] into the 50,OOOg 
supernatant fraction. The bound ouabain can 
be separated by chromatography with 
Sepharose and recovered in parallel fractions 

FIG. 3. Ouabain-binding to  Lubrol extract of mi- 
crosomes. Microsomes, 2.047 mg protein, were incu- 
bated with 2.04'1 mg Lubrol WX in 5 mM Tris-HC1 
(pH 7.2) in a volume of 1 ml for 30 min at  2". 
The mixture was centrifuged for 30 min a t  50,OOOg 
a t  2". The supernatant was removed and incubated 
in 2.5 m M  Tris-POc, 2.5 mM MgCl, and 0.1 m M  
['HI-ousbain (sp act 2.5 X lo2 Ci/mole) for 45 min 
a t  26". A 0.4 ml portion, representing half of the 
ouabain-treated extract, and containing 0.5'44 mg 
protein and 0.1 mlM added 2.3-dimercaptopro- 
panol was applied to Sepharose 4B for chromatogra- 
phy as in Fig. 1. (0- -) ouabain; (0 - )  protein. 
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with recoverable adenosine t riphospha tase ac- 
tivity. Ouabain also binds to supernatant 
components in the Lubrol extracts and this 
bound ouabain has the same elution pattern 
as that bound to native microsomes prior to 
extraction with Lubrol. The proportion of 
bound ouabain that is recovered after chro- 
matography is much greater than that of en- 
zyme activity. Under these conditions, bound 
ouabain is a useful marker for enzyme ex- 
traction despite inactivation of the enzyme. 
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