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Abstract. A dual-wavelength fluorimeter was constructed, which used two light emitting diodes (LEDs) to
excite the fluorescence dye RH 421 alternately with two
different wavelengths. The ratio of the emissions at the
two excitation wavelengths provided a drift-insensitive
signal, which allowed detection of very small changes of
the fluorescence intensity. Those small changes were induced by ion binding and release in conformation E j of
the Na,K-ATPase. Titration experiments were performed
to determine equilibrium dissociation constants (± standard deviation) for each step in the complete binding
and release sequence: 0.12 ± 0.01 mM (E 2(K 2) H KE]),
0.08 ± 0.01 mM (KE] HE]), 3.0 ± 0.2 mM (NaE j HE]),
5.2 ± 0.4 mM
(Na2Ej H NaE j) and
6.5 ± 0.4 mM
(Na 3 E j H Na 2E j) at pH 7.2 and T= 16°C. These numbers
show that the affinities of the binding sites exposed to the
cytoplasm, are higher for K+ than for Na+ ions, similar to
what was found on the extracellular side. The physiological requirement for extrusion of Na+ from the cytoplasm,
and for import of K+ from the extracellular medium seems
to be facilitated not by favorable binding affinities in state
El but by the two ATP-driven reaction steps of the cycle,
E 2(K 2) + ATP --7 K 2E I . ATP and Na 3 E I . ATP H (Na 3 )
EI-P, which border the ion exchange reactions at the binding sites in conformation El'
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Introduction
Ion transport by the Na,K-ATPase involves a sequence of
conformational transitions and ion binding and release reactions (Glynn 1985; J0rgensen and Andersen 1988;
Lauger 1991). In the course of the transport cycle the enzyme can assume two principal conformations El and E 2
Correspondence to: H.-J. Apell

with inward-facing (E]) and outward-facing (E 2) ion-binding sites. Under physiological conditions the transport process is believed to be promoted by the different relative
ion affinities of the binding sites in the two conformations:
in E] binding of sodium is preferred over potassium, and
vice versa in E 2 (Simons 1974; Liuger 1991).
The transport stoichiometry of the Na,K-ATPase is well
known: under physiological conditions three sodium ions
are moved out of the cell and two potassium ions into the
cytoplasm per cycle. Since one positive net charge per
turnover is moved out of the cell, producing a contribution to the transmembrane electric current, in at least one
reaction step charge is moved through the membrane (protein) dielectric, and is said to be electrogenic (Liuger
1991). Various experimental evidence has been presented
that ion binding and release reactions are involved in the
electrogenicity of the transport. Several of these investigations were performed by an optical method. It was
shown that styryl dyes, especially RH 421, can be used to
detect charge-translocating partial reactions of the Na,KATPase (Klodos and Forbush 1988; Sturmer et al. 1991;
Forbush and Klodos 1991; Pratap et al. 1991). Although
the mechanism has not yet been clarified completely, it has
been demonstrated that in the flat membrane fragments
containing Na,K-ATPase in high density, RH 421 acts as
an indicator of the local electric fields generated by uncompensated charges inside the Na,K-ATPase (Buhler et
al. 1991).
The structure of the binding sites, and the mechanisms
that generate the binding affinities, are not known so far
(J0rgensen 1992). Indirect evidence on their structure was
collected by biochemical and biophysical investigations.
Negatively charged amino acids were identified as contributing to the ion-binding moiety (Goldshleger et al.
1992; Arguello and Kaplan 1994). Electrophysiological
and optical studies have provided evidence that the binding sites are buried within the protein in its E 2 conformation (StUrmer et al. 1991; Gadsby et al. 1993; Sagar and
Rakowski 1994, Wuddel et al. 1994), and the the sodiumspecific site in the E] conformation is also situated within
the protein dielectric (Hey se et al. 1994). Ion binding stud-
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