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The human Na+/Ca2+-K+ exchanger (hNCKX2) is widely expressed in the retina as well as in the 
brain. We use hNCKX2 as the prototypical NCKX because this cDNA expresses very well in cell 
lines. NCKX uses the inward sodium gradient and the outward potassium gradient to extrude 
cytoplasmic calcium from the cell. Based on our topological model we introduced one hundred and 
nineteen functional cysteine substitutions in the two sets of five transmembrane segments (TMS) 
that constitute the conserved domains in NCKX1-5 and are thought to contain the cation 
translocation pathway. A high resolution fluorometric method that measures reverse Na+/Ca2+-K+ 
exchange function was used to test the accessibility of these substituted cysteine residues to the 
membrane impermeant and thiol-specific reagent MTSET. The premise is that the chemical 
modification of the cysteine residue results in inhibition of cation transport if the residue in question 
is part of the cation transport pathway. Inhibition would result from placing a positively charged 
obstruction into this pathway. Alternatively, modification by MTSET could prevent the conformational 
change that accompanies cation transport via the alternate access mechanism. We tested one 
hundred and nineteen cysteine substitutions that covered all ten TMS and short connecting loops 
exposed to the extracellular space. Eight substitutions resulted in partial and twenty two 
substitutions resulted in near complete inhibition of cation transport when pre-incubated with 1 mM 
MTSET. The thirty cysteine substitutions that affected cation transport were distributed over TMS 2, 
3, 7, 8, 9 and 10 whereas no substitutions were found in TMS 1, 4, 5 and 6 that affected cation 
transport. We will discuss our results in the context of our topological model of the NCKX2 protein. 
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