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Isolation of Na,K-ATPase from the outer
medulla of rabbit kidney
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membrane-bound Na,K-ATPase
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Figure 1. Sucrose density gradient centrifugation of membrane-bound Na,K-ATPase from rabbit
kidney outer medulla. A sample of 1.0 mg protein in 20 mM imidazole buffer, pH 6.8, containing 250
mM sucrose, 6 mM Tris and 6 mM EDTA was layered on a continuous sucrose density gradient (10-
50%, w/v) in 20 mM imidazole buffer, pH 6.8, and centrifuged at 180,000 g for 2 h using a Hitachi
(Model 55P-72) centrifuge with a vertical rotor (PV50TA), at 4�C. Fractions of 0.5 ml were collected
and assayed for protein concentration (A595 nm; filled circles); refractive index (% sucrose; triangles);
PNPPase activity (squares) and ATPase activity (open circles). ATPase, adenosine 5’-triphosphatase;
PNPPase, p-nitrophenyl phosphatase.

Figure 2. Solubilization of membrane-bound Na,K-ATPase with 1 mg/ml C12E8. Aliquots containing
different concentrations of membrane-bound Na,K-ATPase in 20 mM imidazole buffer, pH 6.8,
containing 250 mM sucrose, 6 mM Tris and 6 mM EDTA were mixed at 4�C with 1 mg/ml C12E8
and centrifuged for 1.5 h at 100,000 g using a Hitachi (Model 55P-72) centrifuge. The supernatant
was assayed for ATPase activity (filled circles) and solubilized protein (open circles). ATPase,
adenosine 5'-triphosphatase.
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Figure 4. Chromatography of Na,K-ATPase solubilized
with C12E8 on a Sepharose 6B column. A sample of
Na,K-ATPase solubilized with C12E8 (1:1, w/w) contain-
ing 154 U/mg was applied to a Sepharose 6B column
(1.4 x 119 cm) equilibrated and eluted with 5 mM Tris-
HCl buffer, pH 7.0, containing 1.0 mM EDTA, 150 mM
KCl and 0.005 mg/ml C12E8, at a flow rate of 21 ml/h.
Fractions of 3.5 ml were collected and aliquots were
assayed for protein concentration (dotted line)
(A280 nm); PNPPase activity (broken line) and ATPase
activity (solid line). The fractions indicated (peak II) were
pooled and correspond to solubilized and purified Na,K-
ATPase. Inset: Non-denaturing polyacrylamide gel elec-
trophoresis of Na,K-ATPase in different purification
steps: gel 1 - C12E8-solubilized extract stained with
silver nitrate; gel 2 - purified enzyme (peak II) stained
with silver nitrate, and gel 3 - phosphohydrolytic activity
of purified enzyme developed with 0.12% (w/v)
1-naphthyl phosphate and 0.12% (w/v) fast blue RR, in
the normal kinetic assay medium.
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Figure 3. Effect of C12E8 concentration on the solubilization of membrane-bound Na,K-
ATPase. Aliquots containing 1 mg of membrane-bound Na,K-ATPase in 20 mM imidazole
buffer, pH 6.8, containing 250 mM sucrose, 6 mM Tris and 6 mM EDTA were mixed at 4�C
with C12E8 at different concentrations and centrifuged for 1.5 h at 100,000 g using a Hitachi
(Model 55P-72) centrifuge. The supernatant was assayed for ATPase activity (filled circles)
and solubilized protein (open circles). ATPase, adenosine 5’-triphosphatase; C12E8, dodecyl-
octaethyleneglycol.
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Table 1. Extraction, C12E8 solubilization and purification steps of an Na,K-ATPase from
rabbit kidney outer medulla.

Step Volume Protein U/ml U/mg Yield Purification
(ml) (mg/ml) (%)

Outer medulla extract 63 11.30 890.4 78.8 100 1
Membrane fragment 53 1.40 702.9 689.2 66.4 7.5
Supernatant of solubilized 64 0.893 409.1 458.1 46.7 5.8

membrane
Pellet of solubilized 74.2 0.501 154.1 307.4 20.3 3.9

membrane
Concentrate of solubilized 35 1.34 382.9 285.8 23.9 3.6

extract
*Peak II 85 0.152 141.4 930.3 21.4 11.8

All assays were carried out in 50 mM HEPES buffer, pH 7.5, containing 3 mM ATP, 10
mM KCl, 5 mM MgCl2 and 50 mM NaCl, at 37�C, as described in Methods.
*Peak of a Sepharose 6B column.

Figure 5. Molecular mass determination of C12E8-solubilized Na,K-ATPase. Molecular mass
was determined using a Sepharose 6B column (0.8 x 133 cm) equilibrated and eluted with 5
mM Tris-HCl buffer, pH 7.0, containing 1 mM EDTA, 150 mM KCl and 0.005 mg/ml C12E8 as
described in Material and Methods. BSA (lozenge); alcohol dehydrogenase (open circle); ß-
amylase (filled circle); apoferritin tetramer (triangle); apoferritin dimer (open square); apofer-
ritin monomer (asterisk), and solubilized and purified Na,K-ATPase (filled square).
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Figure 6. pH sensitivity of the hydrolysis of p-nitrophenyl phosphate (PNPP) and adenosine
5’-triphosphate (ATP) by Na,K-ATPase solubilized with C12E8 (1:1, w/w) and purified on a
Sepharose 6B column. PNPPase (filled circles) and ATPase activities (open circles) are
shown. Assays were buffered with 50 mM buffer containing 5 mM MgCl2, 10 mM KCl and
50 mM NaCl and the substrate, i.e., 10 mM PNPP or 3 mM ATP (for details, see Material and
Methods). The reaction was started by the addition of 3.5 µg protein.

Table 2. Effect of several inhibitors on adenosine 5’-triphosphatase (ATPase) and
p-nitrophenyl phosphatase (PNPPase) activities of purified Na,K-ATPase from rabbit
kidney outer medulla.

Inhibitors Concentration Inhibition (%)

ATPase PNPPase

Ouabain 5 mM 99.1 99.9
Oligomycin 1 µg/ml 81.1 63.7
Sodium azide 100 µM 14.5 16.1
Vanadate 3 µM 98.5 93.2

All assays were carried at 37�C as described in Methods. ATPase activity was assayed
in 50 mM HEPES buffer, pH 7.5, containing 3 mM ATP, 10 mM KCl, 5 mM MgCl2 and
50 mM NaCl, using 10 µg of enzyme. Specific activity of 100% corresponds to 603.2 U/
mg. PNPPase activity was assayed in 50 mM HEPES buffer, pH 7.5, containing 10 mM
PNPP, 15 mM KCl and 10 mM MgCl2, using 10 µg of enzyme. Specific activity of 100%
corresponds to 38.5 U/mg.
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