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(B #9(Purpose)]
Phospholipids are asymmetrically distributed between the outer and inner leaflets of the plasma membrane, and
phosphatidylserine (PtdSer) is exclusively localized in the inner leaflet. PtdSer is exposed to the cell surface in various
biological processes, such as apoptosis, blood clotting and activation of lymphocytes. The exposure of PtdSer is regulated by
the down-regulation of flippases and the activation of scramblases, which nonspecifically and bidirectionally transport
phospholipids between the leaflets. Xkr8 has been identified as a scramblase that is activated during apoptosis, but its
exogenous expression in the mouse Ba/F3 pro B cell line induces constitutive PtdSer exposure. The purpose of this study is to

elucidate how Xkr§ is activated independently from cleavage by caspase.

[HiEAR B ONS B (Methods/Results))
TMEMI6F "Ba/F3 expressing mouse (m) Xkr8 (/67 BaF-Xkr8) were incubated with Cy5-Annexin V or NBD-PC at 4°C or
20°C and analyzed by flow cytometry. The transformants exposed PtdSer at 4°C but not at 20°C, although they incorporated
NBD-PC at 20°C, suggesting that mXkr8 in Ba/F3 constitutively scrambles phospholipids, but the PtdSer exposure is blocked
by flippases at 20°C. When /67 “BaF-Xkr§ were pretreated with staurosporine (STS), a broad kinase inhibitor, PtdSer
exposure was blocked. In contrast, PtdSer exposure was observed even at 20°C afier treatment with phosphatase inhibitors such
as pervanadate (PV) or calyculin A. In line with this, pre-treatment with STS significantly inhibited the NBD-PC
incorporation, while PV and calyculin A enhanced it, indicating that Xkr8-mediaied phospholipid scrambling is regulated by
phosphorylation.

To identify the phosphorylation sites, mXkr8 protein was purified from /67 "BaF-Xkr8 cells that had been treated
with PV, digested with AspN or chymotrypsin, and analyzed by LC-MS/MS. These analyses revealed three phosphorylation
residues (Thr-356, Ser-361, and Thr-375) dewnstream of the caspase recognition site of mXkr8. To confirm these residues
were the targets for phosphorylation, they were mutated 1o alanine, and the mutant protein (3/T-3A) was introduced into Xkr8 -
16F- -Ba/F3 cells. Transformants expressing S/T-3A mutant mXkr8 did not expose PtdSer, while mXkr8 in which two
aspartate residues in the caspase recognition site were mutated still supported constitutive PtdSer exposure, indicating that the
phosphorylation-induced PtdSer exposure did not require caspase. On the other hand, Xkr8 165 Ba/F3 expressing
phosphomimic mutant mXkr8, in which the three phosphorylation sites were mutated to aspartate (5/T-3D), exposed PtdSer at
4°C after treatment with STS.

Unlike phosphatase inhibitors, however, $/T-3D mutant did not support PtdSer exposure at 20°C. To examine the
possibility that flippases were inhibited by phosphorylation, the flippase activity was assayed by measuring the incorporation
of NBD-PS. Pre-treatment with STS had little effect on the flippase activity, but PV or calyculin A strongly inhibited the
incorporation of NBD-PS. To confirm the effect of the flippases on Xkr8-mediated PtdSer exposure, mXkr8 were introduced
into wild-type W3 cells or ATP1IAATPI1IC TMEMIGF "W3 (TKO-W3) cells, in which two flippases expressed in W3 cells
(ATP11A and 11C) were knocked out. W3 cells expressing mXkr8 did not support PtdSer exposure at 15°C, but TKO-W3 celis
expressing mXkr8 exposed PtdSer, indicating that the flippase activity normally counteracted Xkr8's ability to expose PtdSer.

#  4&(Conclusion))
mXkr8 scramblase can be activated by phosphorylation independently from the caspase-mediated cleavage. PtdSer exposure 1o

the cell surface can occur by the phosphorylation-mediated activation of Xkr§ and flippase down-regulation,




