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(Na + + K + )-ATPase from kidney outer medulla was incorporated into tightly-sealed, single-shelled lipid
vesicles by a detergent-dialysis procedure. The rate of ATP-driven potassium extrusion from vesicles formed
from different phosphatidylcholines (PC) was measured optically, using a voltage-sensitive dye in the
presence of valinomycin. High transport rates were observed for di(18: l)PC, di(20: l)PC and di(22: l)pC,
whereas vesicles formed from di(14: l)PC and di(16: l)PC were virtually inactive. The variation of pumping
activity with lipid structure mainly results from differences in the amount of enzyme incorporated with the
correct orientation into the vesicle membrane, and to a lesser extent from lipid-dependent variations of the
intrinsic turnover rate of the enzyme. The activation energy of ion transport decreases in the order
di(16: l)pC, di(18: l)pC, di(20: l)pC = di(22: 1)pC.

Introduction
The (Na + + K +)-pump, like other transport
ATPases of biological membranes, requires lipid
for its function [1]. Removal of lipid by detergent
extraction or phospholipase treatment leads to a
loss of activity; relipidation partially or fully restores function [2~12] (see Ref. 1 for a survey of
the earlier literature). Experiments in which the
native lipid is removed and replaced by chemically
defined lipids offer the possibility of studying the
influence of lipid structure on the activity of the
(Na ++ K +)-ATPase [1-5]. Functional reconstitution requires that the pump protein is incorporated
into the membrane of tightly sealed lipid vesicles
so that ATP-driven ion translocation across the
vesicle membrane can be observed. However, in
most reconstitution experiments with lipids of
known structures which have been carried out in
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the past [2-5] only the enzyme actlVlty of the
(Na + + K +)-ATPase could be measured after association of the protein with the lipid. It is not
clear whether in these experiments the pump molecule is incorporated in such a way that it spans the
bilayer and whether in the enzymatic test ATP-hydrolysis is coupled to ion translocation.
In the following, we describe reconstitution experiments with chemically defined phosphatidylcholines using a detergent dialysis method,
which yields tightly sealed, single-shelled vesicles
[13-15]. With these vesicles ATP-driven potassium
extrusion has been studied by an optical technique
using a potential-sensitive dye [12]. In the presence
of valinomycin the voltage across the vesicle membrane approximates the Nernst potential for
potassium. Measuring the transmembrane voltage,
the time-course of K + concentration in the vesicle
interior can be followed. In this way rates and
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