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Figure 1. Hypoxia induces acute and reversible loss of P4M × 2::GFP and PLC-PH::RFP from the PM in Drosophila 
follicle cells. (A–C) Representative frames showing follicle cells coexpressing P4M × 2::GFP and PLC-PH::RFP 
(A) or P4M × 2::GFP and Lgl::RFP (B) or PLC-PH::GFP and Lgl::RFP (C) undergoing hypoxia and reoxygenation. 
In A, at 1:04:00, asterisks (*) highlight cells that had already recovered P4M × 2::GFP but not PLC-PH::RFP. (A’–C’) 
Quantification of PM localizations of P4M × 2::GFP and PLC-PH::RFP (A’, n=18, 18, Figure 1—source data 1) 
or P4M × 2::GFP and Lgl::RFP (B’, n=20, 20, Figure 1—source data 2) or PLC-PH::GFP and Lgl::RFP (C’, n=20, 
20, Figure 1—source data 3) during hypoxia and reoxygenation. PM Index: ratio of mean intensity of PM and 
cytosolic signals, normalized by the average value of the first three frames. Time stamp in hr:min:sec format. Scale 
bars: 5 µm.
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Figure 2. PI4KIIIα regulates PM PI4P and PIP2 homeostasis and dynamic turnover under hypoxia/reoxygenation. 
(A) Representative frames showing follicle cells expressing P4M::GFP and PLC-PH::GFP undergoing hypoxia 
and reoxygenation. PI4KIIIα-RNAi cells are labeled by RFP. (A’) PM localization of P4M::GFP (n=24, 23, Figure 
2—source data 1) and PLC-PH::GFP (n=24, 24, Figure 2—source data 2) quantified in boundaries between 
wild type (WT) cells and between PI4KIIIα-RNAi (RNAi) cell. (B) Kymographs showing the persistent P4M::GFP 
puncta in both wild type and RNAi cells after hypoxia. White arrowheads point to puncta in RNAi cells at onset of 
hypoxia. Kymograph made by the maximum projection of 250 pixel wide line reslice of the time-lapse movie. (C) 
Kymograph showing the transient PLC-PH::GFP puncta (white arrowhead) in RNAi cells only. Kymograph made by 
the maximum projection of 300pixel wide line reslice of the time-lapse movie. Time stamp in hr:min:sec format. 
Scale bars: 5 µm.
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Figure 3. PM PI4P and PIP2 show accelerated loss under hypoxia and delayed recovery under reoxygenation in 
PI4K-3KD RNAi cells. (A) Representative frames showing follicle cells expressing P4M × 2::GFP or PLC-PH::GFP 
undergoing hypoxia and reoxygenation. PI4K-3KD cells are labeled by RFP. (A’) PM localization of P4M × 
2::GFP (n=10, 5, Figure 3—source data 1) and PLC-PH::GFP (n=14, 15, Figure 3—source data 2) quantified in 
boundaries between wild type (WT) cells and between PI4K-3KD (RNAi) cell during hypoxia and regoxygenation. 
(B) Strong reduction of PM P4M × 2::GFP (n=20, 17, Figure 3—source data 3) but not PLC-PH::GFP (n=20, 20, 
Figure 3—source data 4) in PI4K-3KD follicle cells. Time stamp in hr:min:sec format. Scale bars: 5µm.
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Figure 3—figure supplement 1. Dynamic turnover of PM P4M::GFP, PLC-PH::GFP and Lgl::GFP under hypoxia and reoxygenation in PI4K-2KD cells 
is similar to wild type cells. (A) Representative frames showing follicle cells expressing P4M::GFP, PLC-PH::GFP or Lgl::GFP undergoing hypoxia and 
reoxygenation. PI4K-2KD RNAi cells are labeled by RFP. (A’) PM localization of P4M::GFP (n=10,10, Figure 3—source data 5), PLC-PH::GFP (n=14,19, 
Figure 3—source data 6) and Lgl::GFP (n=15,17, Figure 3—source data 7) quantified in boundaries between wild type (WT) cells and between 
PI4KIIIα-RNAi (RNAi) cells. Scale bars: 5µm.
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Figure 4. PI4Ks regulate the PM localization of Lgl::GFP under hypoxia and reoxygenation. (A) Representative 
frames showing Lgl::GFP PM localization during hypoxia and reoxygenation. RNAi cells are labeled by RFP. Yellow 
arrowheads: transient Lgl::GFP puncta (only few highlighted). *: RNAi cells that failed to recover Lgl::GFP to PM. 
(A’) (TOP) PM localization of Lgl::GFP quantified in boundaries between wild type (WT) cells (n=23), between 
PI4KIIIα-RNAi (RNAi) cells (n=24) and between WT and RNAi (WT-RNAi) cells (n=24). (Figure 4—source data 1). 
(BOTTOM). PM localization of Lgl::GFP quantified in boundaries between wild-type (WT) cells (n=20), between 
PI4K-3KD (RNAi) cells (n=10) and between cells failed recovery (RNAi*) (n=10). (Figure 4—source data 2). (B) 
Kymograph highlights the transient Lgl::GFP puncta (arrowheads). Each kymograph was made by reslicing the 
movie with the maximum projection of a 150 or 250-pixel wide line (yellow bands in A). Time stamp in hr:min:sec 
format. Scale bars: 5 µm.
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Figure 5. Rbo regulates the homeostasis and dynamic turnover of PI4P, PIP2 and Lgl under hypoxia/reoxygenation. 
(A) Representative frames follicle cells expressing P4M × 2::GFP or PLC-PH::GFP or Lgl::GFP undergoing hypoxia 
and reoxygenation. rbo-RNAi cells are labeled by RFP. Time stamp in min:sec format. (A’) PM localization of 
P4M::GFP (n=10, 10, Figure 5—source data 1), PLC-PH::GFP (n=20, 20, Figure 5—source data 2) and Lgl::GFP 
(n=20, 20, Figure 5—source data 3) in A quantified in wild type (WT) and rbo-RNAi (RNAi) cells. (B) Kymograph 
highlights the earlier onset of P4M::GFP puncta in post-hypoxia RNAi cells. White arrowheads point to the onset 
of puncta in post-hypoxia RNAi and WT cells. (C) Kymograph highlights the transient PLC-PH::GFP puncta (white 
arrowheads) seen only in post-hypoxia RNAi cells. (D) Kymograph showing the absence of Lgl::GFP puncta in post-
hypoxia RNAi cells. Scale bars: 5µm.
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Figure 5—figure supplement 1. PM localization of Rbo is resistant to hypoxia. (A) PM localization of Rbo::GFP persisted under hypoxia, regardless of 
the transient loss of PM PIP2. (B) Quantification of PM Rbo::GFP and PLC-PH::RFP under hypoxia (105 min) and reoxygenation (550 sec). n=22. (C) Lack 
of Rbo::GFP expression in rbo-RNAi follicle cells (labeled by the expression of nuclear RFP) Scale bars: 5 µm.
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Figure 6. YPP1/TTC7 regulates the homeostasis and dynamic turnover of PI4P, PIP2 and Lgl in cells undergoing 
hypoxia and reoxygenation. (A) Representative frames follicle cells expressing P4M × 2::GFP or PLC-PH::GFP 
or Lgl::GFP undergoing hypoxia and reoxygenation. ttc7-RNAi cells are labeled by RFP. Time stamp in min:sec 
format. (A’) PM localization changes of P4M × 2::GFP (n=10, 10, Figure 6—source data 1), PLC-PH::GFP (n=20, 20, 
Figure 6—source data 2) and Lgl::GFP (n=20, 20, Figure 6—source data 3) in A quantified in wild type (WT) and 
ttc7-RNAi (RNAi) cells.(B and C) Reduction of PM RBO::GFP in ttc7-1-RNAi cells (n=24, 24, Figure 6—source data 
4). Scale bars: 5µm.
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Figure 7. ATP inhibition induces acute and reversible loss of P4M × 2::GFP and PLC-PH::RFP from the PM in 
HEK293 cells. (A, B) Representative cells showing the PM localization of P4M × 2::GFP (A) or PLC-PH::GFP (B) and 
MaLionR ATP sensor during ATP inhibition and subsequent washout with low-glucose medium.(A) Top cell: 
P4M × 2::GFP recovery on PM was immediately followed by ATP sensor brightness increase (n=9). Bottom cell: 
measurable ATP increase lagged well behind the PM recovery of P4M × 2::GFP (n=6). Intracellular P4M × 2::GFP 
puncta were overexposed but excluded from quantification. (A’) Normalized quantification of PM localization 
of P4M × 2::GFP and MaLionR intensity (n=15, 19 cells, respectively). Figure 7—source data 1. (B) Top cell: 
synchronous PLC-PH::GFP recovery and ATP senor brightness increase (n=13). Bottom cell: PLC-PH::GFP PM 
recovery slightly preceded the detectable ATP increase (n=12). (B’) Normalized quantification of PM localization of 
PLC-PH::GFP (green) and MaLionR intensity (red) in ATP inhibition cells (solid dots, n=13) or serum-free medium 
treated cells (blank diamonds, n=12 cells) Figure 7—source data 2. (C) A representative cell showing the PM 
localization of P4M × 2::GFP and PLC-PH::RFP during ATP inhibition and subsequent washout. (C’) Quantification 
of PM P4M × 2::GFP and PLC-PH::GFP (n=13 cells) (Figure 7—source data 3). (D) Normalized PM localization 
index of P4M × 2::GFP, PLC-PH::RFP and cyto index of MaLionR sensor in cells treated with ATP inhibition followed 
by washout with buffer containing DMSO or Wortmannin (WM, 20 µm). (n=48, all samples). Figure 7—source data 
4; 5. Scale bars: 10 µm.
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Figure 7—figure supplement 1. Real-time monitoring of intracellular ATP changes in follicular cells and HEK293 cells undergoing hypoxia and 
reoxygenation. (A) Heat map of the (uncalibrated) FRET ratio of AT[NL] (an ATeam FRET-based ATP sensor) in follicular cells of a dissected ovary 
undergoing hypoxia and reoxygenation ex vivo. (A’) Quantification of FRET ratios in A. Dashed lines are the mean FRET ratios measured at different 
spots (white circles in A) over the time. Thick red line: average of the all measurements. (Figure 7—source data 6). (B) A representative HEK293 cell 
expressing GFP and MaLionR ATP sensor undergoing hypoxia and reoxygenation. (B’) Quantification of GFP and MaLionR intensities in HEK293 cells 
undergoing hypoxia and reoxygenation (n=12). GFP served as a negative control that did not show intensity changes under hypoxia and reoxygenation. 
(Figure 7—source data 7) (C) Representative HEK293 cells expressing MaLionR and P4M × 2 GFP or PLC-PH::GFP undergoing hypoxia and 
reoxygenation. Time stamp in min:sec format. Scale bars: 10 µm.
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Figure 7—figure supplement 2. Wortmannin inhibits 
PM PI4P recovery after ATP inhibition. Representative 
cells showing the PM localization of P4M × 2:GFP and 
PLC-PH::RFP during ATP inhibition and washout with 
DMSO or wortmannin (WM). Scale bar: 10 µm.


