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Numerous active transport proteins, also called ion pumps, help maintain the electrochemical gradients for ions across the membranes, necessary for a multitude of physiological reactions. Na+/K+ pump, a P-type ATPase, is a ubiquitous example of such an ion pump. It removes 3 Na+ ions from the inside of the cell in exchange of 2 K+ ions, thus making it electrogenic, in the presence of ATP. Na+-K+ pumps electrogenicity, net charge movement across the membrane owing to the exchange of ONLY 2 K+ ions for 3 Na+ ions, has been known since decades. However, the precise knowledge of when during the exchange step, where in the membrane, and how much (in each step), does the charge get transferred has remained elusive. Although earlier studies proved that release and rebinding of Na+ ions on the extracellular face of the enzyme involved charge transfer, information on whether K+ ions participation/movement also causes some charge transfer had remained controversial. Although, voltage sensitive dyes confirmed change in the strength of the local membrane electric field with extracellular K+, and the voltage dependency of the affinity of extracellular K+ strongly suggested a role for K+ ions in charge transfer, but no transient charge movements accompanying K+ ions movement were observed   This had been counter-intuitive given that atleast 2 steps in a cycle were expected to be electrogenic given the known voltage and extracellular ion dependency of the pump. The authors note that previous attempts to confirm transient charge transfer during K+ ions movement might have failed owing to the parameters used in those studies. This paper attempts to clarify the role of K+ ions in the net charge transfer during one exchange cycle. They do this by studying the voltage dependent properties of extracellular K+ dependent reaction steps by the pump. 
Transient charge movement: In order to concentrate on the voltage dependent properties of K+ transport, conditions were created which promoted electroneutral one-for-one K+-K+ exchange. Intracell solution was saturated with K+ while extracell solution was varied. In addition to slow down the rate constants of each step in the reaction, experiments were carried out at low temperature of 11-21 oC and extracell K+ was replaced with its congener Tl+. Subsequently currents were measured both in the absence and presence of ouabain, a blocker of Na+/K+ ATPase, where difference between the two gives current due to the pump. Indeed transient (difference) pump currents were seen upon rapid fluctuations in voltage confirming the existence of charge movement associated with K+ ion movement. 
Charge movement properties: 
Step-up & step-down voltages: Equivalent ‘on’ and ‘off’ charges upon voltage steps in opposite direction suggested rapidly reversible electrogenic step during K+ ion exchange. 
Effects of different extracellular Tl+ concentration: In addition, transient charge movement is only seen when extracellular Tl+ concentration activates pump current at submaximal levels. This suggests that ion binding to the pump is an electrogenic step. 
Effects of voltage: At higher extracellular Tl+ concentration i.e. 100 μM, the rate constant for relaxation of ‘on’ charge exhibited an asymmetric relationship with voltage i.e. it was unchanged for positive potentials but rose asymmetrically at higher negative potentials, similar to Na+ associated charge movement. Further, upon closer analysis it was revealed that the voltage dependence of the current decay is captured entirely in the forward binding step, and left authors with the supposition that the voltage dependence of the ion dissociation step was too fast to be observed.
Inference: From above findings, if Tl+ got bound in a well, then changes in both, voltage and extracellular Tl+ should have similar effects on Tl+ transport rate. In addition, the kinetics of charge movement should depend on and vary according to the activating extracell ion.
Indeed, forward reaction kinetics were exclusive in being dependent on extracell Tl+ concentration. Further, as in a voltage dependent process, a 4-fold change in extracell Tl+ concentration (from 25 to 100 μM) did not affect the total charge moved with Tl+, but did shift its voltage dependency in the hyperpolarizing direction. 

Indeed, when Tl+ was replaced by K+, although the charge movement versus voltage relationship for K+ was similar to that of Tl+, selectively higher reverse rate constant was observed for K+.  

Na+ versus K+ dependent transient charge movements: Although multiple qualitative similarities are seen amongst the two, their inherent uniqueness is supported by differences in maximal amount of charged moved by them, in their equivalent charges (‘z’ values), and in their activation energies.  

To capture their individual results in a single picture, the authors generated a 4-state model which mechanistically links the reactions involved with K+-K+ exchange with their observations.
The model: 
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K+i + Ei  ↔  Ea  ↔  Eb  ↔  Eo + K+o
           Ø2 
Ø4  
   Ø6
However, the model tells that the amount of a particular intermediate conformation of the enzyme, say Eb, both is and is not dependent on extracell K+, both of which cannot be true and it necessitates Eb concentration to be equal to zero. Therefore the extracell K+ binding is a transitional step before a rapid conversion of ion bound enzyme Eb to Ea. 

Conclusion: Taken together the findings support the hypothesis of extracell K+ binding being an electrogenic reaction step during the K+-K+ exchange cycle. 
Caveats: The lack of correlation between the ratio of total charge moved by Na+ compared to K+ (3) and ratio of their apparent valencies (1.3) implies existence of additional intermediate enzymatic reaction steps between voltage dependent ion binding step and rate limiting step for charge movement. Or the large difference in total charge moved with Na+ versus K+ could be due to different distributions of enzyme intermediates under exclusive environs of Na+-Na+ and K+-K+ exchanges. Or the currents detected in the experiments might have been undermined owing to incomplete inhibition of the pump by ouabain at the concentration used.
