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Abstract

In a September 2018 paper published in Nature Communications, Gong et al. identified the 

domains through which human PMCA1 and neuroplastin (NPTN) interact. Upon binding, 

hPMCA1 TM domains separate T110 in TM1 and A370 in TM3 to reveal the Ca2+-binding site. 

Thus, NPTN is able to directly modulate the accessibility of cytosolic Ca2+ to PMCA.

Graphical Abstract

In recent years, our understanding of the regulation of Ca2+ clearance has expanded beyond 

calmodulin binding and multimerization to the concept that native PMCAs act as part of a 

complex requiring other modulators to function in a physiological context. Recent 

investigations have revealed the extracellular immunoglobulin superfamily members 

neuroplastin (NPTN) and close paralog basigin (BASI) as key regulators of PMCA 

complexes. Supporting this, double knockout studies of NPTN and BASI demonstrated 

decreased Ca2+ clearance1. In a paper by Gong et al. published in Nature Communications 

in September 2018, a new structure of human PMCA1d (hPMCA1) in complex with the 

recently identified regulator neuroplastin is presented2. Utilizing cryo-electron microscopy, 

Gong et al. resolved hPMPCA1/NPTN to 4.1 Å. This revealed that hPMCA1 and NPTN 

primarily interact via the NPTN TM and hPMCA1 TM10, which is distal from TM1–9, with 

additional stabilizing interactions along the TM8–9 linker. Additionally, NPTN binding alters 

PMCA conformation. As hPMCA1 TM7 and TM10 rotate toward NPTN TM, TM1 and 
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TM4 are moved toward TM2, exposing the hPMCA1 cytosolic Ca2+ binding site. Thus, 

while NPTN interactions may be limited to hPMCA1 TM10, NPTN binding to hPMCA1 

induces major structural changes throughout the hPMCA1 TM domain that ultimately affect 

Ca2+ binding. Finally, hPMCA1 was found in these studies to engage in a gate-locking 

mechanism between residues T110 in TM1 and A370 in TM3 to control access to the Ca2+ 

binding site. The studies by Gong et al. not only offer valuable structural information to 

NPTN/PMCA interactions, but also reveal a novel binding pattern between a P-type ATPase 

and a partner protein. Furthermore, the degree of homology between NPTN and BASI open 

the possibility that these structural findings could extend to molecular modeling to predict 

how BASI interacts with PMCA.

The differences in hPMCA1 and hPMCA1-NPTN raise the question of what differences 

may exist between purified PMCA structure and in vivo conformation in the presence of 

endogenous PMCA modulators. The data presented by Gong et al. show purified hPMCA1 

required NPTN for ATPase activity in vitro, supporting a model in which PMCA activity is 

NPTN-dependent2. Data from an in vivo study by Korthals et al. show NPTN co-localized 

with both PMCA1 and PMCA4 in T cells, suggesting that NPTN may modulate multiple 

PMCA isoforms in other tissue types3. This extends to evidence of a physiological role for 

NPTN-mediated regulation, as T cells from Nptn−/− mice displayed elevated resting Ca2+ 

and Th1 bias. Notably, although Nptn−/− T cells exhibit an elevated baseline and diminished 

Ca2+ clearance, PMCA expression was downregulated over 70%. Thus, how much NPTN 

modulates Ca2+ signals by regulating PMCA expression versus as a direct binding partner 

that induces a conformational change in PMCA remains to be defined. Additionally, 

PMCA2 expression restores partial Ca2+ clearance, suggesting not every isoform is 

dependent on the same regulatory partners, and some may not require partners for Ca2+ 

transporting activity. The host of proteins involved in the regulation of PMCAs may prove as 

multi-faceted as PMCA splice variants themselves, demonstrating the continued importance 

of studies such as by Gong et al. to define how physical interactions with regulatory proteins 

control PMCA conformation and function. Previous investigations by us and others have 

revealed regulation of PMCA activity by the ER membrane proteins STIM1 and POST4,5. 

The extent to which these phenomena are co-dependent has not been assessed, however, it is 

tempting to speculate that changes in PMCA function due to association with proteins like 

STIM1 or POST might result from changes in PMCA/neuroplastin association, a concept 

presented in figure 1.

NPTN was first defined in neurons, which express different PMCA isoforms between 

different neuronal populations (reviewed in 6). In the adult rat brain, for example, PMCA1, 

although ubiquitously expressed, is enriched in the cortex and hippocampus, PMCA2/3 in 

the cerebellum and forebrain, and PMCA4 in the cortex7. While PMCA2 may be less reliant 

on NPTN, this could vary across PMCA isoform and therefore across cell type. Therefore, 

the ability of NPTN to alter basal Ca2+ could have important ramifications for understanding 

neuronal excitotoxicity, synaptic function, and neurological disease8. The clinical 

importance of BASI as a marker of resistance and potential therapeutic target in a variety of 

cancers also continues to gain momentum (reviewed in 9). Others have forayed into defining 

mechanisms of how BASI contributes to invasiveness, namely through modulation of 

glycolysis and matrix metalloproteinase expression by tumor cells and stromal cells10,11. 
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Mechanistic studies into whether regulation of PMCA contributes to these processes will be 

valuable for understanding how BASI/NPTN-mediated signaling may be targeted. 

Ultimately, future studies may prove critical to define how physical associations between 

PMCA isoforms and its regulators control PMCA function to integrate control of Ca2+ 

clearance with other aspects of Ca2+ signal generation.
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Figure 1. Regulation of PMCA by protein interactions.
(A) As shown in Gong et al (2018)2, PMCA directly associates with neuroplastin via its 

TM10 domain (PDB: 6A69). STIM1 has also been shown to associate with STIM15 and 

POST4. (B) The possibility that association between STIM1 and/or POST with PMCA 

(PDB: 3W5C) may negatively regulate its association with neuroplastin (modified PDB: 

6A69) is presented.
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