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Calcium-dependent changes in intracellular phosphatidylserine distribution
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Phosphatidylserine (PS) is a major anionic phospholipid. Asymmetric
distribution of PS in the plasma membrane is well established, and Ca2+-activated TMEM16F-dependent
scrambling of PtdSer has been shown. In the present study, we developed a freeze-fracture electron
microscopy method that can define the PS distribution in the individual leaflets of cellular
membranes. Using this method, we found that the ER of mouse embryonic fibroblasts harbored abundant
PS in the cytoplasmic leaflet and much less in the luminal leaflet. Significant amount of PS
appeared in the luminal side of the ER upon treatment with the Ca2+ ionophore A23187 for 10 min.
Interestingly, the A23187 treatment also increased PS in the nuclear membrane. This Ca2+-induced PS
redistribution was not observed in TMEM16K KO cells, but was recovered in cells re-expressing
Flag-TMEM16K. The results indicate that TMEM16K mediates Ca2+-dependent phospholipid scrambling in
the ER.
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