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Background: The endoplasmic reticulum (ER)–plasma membrane 

(PM) junctions are of critical importance for many cellular processes 

such as lipid metabolism, protein synthesis and folding, and post-

translation modification. These functions are tightly linked to the role 

of the ER as the main intracellular Ca2+ store and a pivotal regulatory 

element in cellular Ca2+ signaling. We have recently shown that 

privileged Ca2+ refilling of the endothelial ER via Ca2+ entry from the 

extracellular space involves a specialized junctional ER–PM contact 

[1]. We proposed that this process is critically dependent on junctional 

cooperation of NCX1 with the STIM–Orai signaling machinery in ER–

PM regions. Taking advantage of a novel TIRF microscopy method 

that enables precise spatial delineation of subplasmalemmal 

organelle architecture, we set out to further analyze subcellular NCX1 

localization in endothelial ER–PM junctions in detail. 

Methods: We used the recently introduced FDM (fluorescence 

density mapping) TIRF microscopy approach to visualize ER 

junctional areas [2] in the subplasmalemmal space of cultured 

EA.hy926 (human umbilical vein endothelium-derived cells). Cells 

were genetically modified to express the FDM reporter RFP or the 

junctional marker MAPPER along with a GFP-NCX1 fusion protein. 

Results: We demonstrate suitability of FDM-TIRF microscopy in 

endothelial cells. Our experiments identify a subpopulation of ER–PM 

junctions in EA.hy926 cells that hosts NCX1 and is likely to serve as 

the platform for STIM–Orai Ca2+ entry. 

Discussion: Our results provide strong evidence for privileged ER 

Ca2+ refilling by a subplasmalemmal Ca2+ control unit that requires a 

specialized ER–PM junctional architecture harboring NCX1. This 

signaling element may be considered an attractive therapeutic target 

to preserve or restore endothelial functions. 
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