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Long-term autophagy is sustained by activation of CCT3
on lipid droplets
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Supplementary Fig. 1. Fluorescent labeling of de novo-synthesized PC

(A) De novo-synthesized PC labeling. (a) The outline of the method. Cells were cultured for 1 h
with propargylcholine, a choline analog with an alkyne residue. After fixation, alkyne
incorporated to the PC head group was conjugated with Cy3-azide by click reaction and
observed by fluorescence microscopy. (b) Control experiments. MEFs cultured for 1 h in
regular medium containing 0.25 mM propargylcholine and treated in the full click reaction
solution (i), in a solution without copper (ii), or in a solution without ascorbic acid (iii). MEFs
cultured with 0.25 mM propargylcholine and 5 mM choline (iv) or without propargylcholine
(v), and treated in the full click reaction solution. Micrographs were taken by the same
setting. Bar, 10 ym.

(B) PC (magenta) and organelle markers (green). MEFs cultured for 1 h with 0.25 mM
propargylcholine in regular medium. ER and mitochondria are shown by immunolabeling of
cytochrome P450 and Tom20, respectively. Bars, 10 pm.

(C) GFP-WIPI1 (green), endogenous LC3 (magenta), and PC (blue) in MEFs cultured for 1 h
with 0.25 mM propargylcholine in starvation medium. PC puncta colocalizing with GFP-
WIPI1 alone (green arrows), LC3 alone (magenta arrows), and both GFP-WIPI1 and LC3
(white arrows) are shown. Bar, 10 ym.

(D) PC labeling with a low propargylcholine concentration. MEFs were cultured for 1 h in
starvation medium containing 2.5 uyM propargylcholine and treated in the full click reaction
solution. PC (magenta), GFP-LC3 (green). Bar, 10 uym.

(E) Distribution of PC (magenta) and endogenous LC3 (green) in human primary fibroblasts
and Huh7 cells cultured for 1 h with 0.25 yM Torin1 and 0.25 mM propargylcholine in
regular medium. Bars, 10 um.

(F) Labeling of existing PC. The PC labeling was performed as in Fig. 1D, except that
starvation medium was added with 62 yM choline. Bar, 10 um. The total area and the
number of PC puncta in a cell were measured. The center line indicates the median, box
boundaries indicate the 25th and 75th percentiles, whiskers are Tukey-type, and the
average is marked as +. Pooled data from three independent experiments (n = 60); ***p =
0.0002 (two-tailed Mann-Whitney test).

Source data are provided as a Source data file.
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Supplementary Fig. 2. Labeling of de novo-synthesized PC in freeze-fracture EM.

(A)

(D)

The outline of the method. Cells cultured for 1 h with propargylcholine in starvation medium
were quick-frozen and freeze-fractured, and freeze-fracture replicas were subjected to the
click reaction to conjugate biotin to the alkyne residue in PC. The replica is labeled with anti-
biotin antibody and gold-conjugated secondary antibody, and observed by electron
microscopy.

Autophagosomes. MEFs expressing GFP-LC3 were cultured for 1 h in starvation medium
and freeze-fracture replicas were labeled with anti-GFP antibody. The diagram shows
membrane leaflets observed in the convex and concave profiles of the freeze-fracture
autophagosome. Bars, 0.2 ym.

PC labeling density in respective membrane leaflets of outer and inner autophagosomal
membranes and the outer nuclear membrane (ONM). The center line indicates the median,
box boundaries indicate the 25th and 75th percentiles, whiskers are Tukey-type, and the
average is marked as +. Pooled data obtained in three independent experiments. The total
number of areas measured: 49 (autophagosome) and 14 (ONM). The result combining
cytoplasmic and non-cytoplasmic leaflets is shown in Figure 2B.

The PC labeling in the ER is comparable to that in the ONM. The cytoplasmic and non-
cytoplasmic leaflets are marked with arrowheads and arrows, respectively. Bar, 0.2 um.

(E) Arepresentative set of micrographs used to measure PC labeling density in the

(F)

autophagosome and the ONM of the same cell. MEFs cultured for 1 h in starvation medium.
Boxed areas in the left figure are magnified in the middle and right figures. Bars, 0.2 ym.
PC (magenta) and GFP-Sec23 (green). MEFs were cultured for 1 h with 0.25 mM
propargylcholine either in regular medium or in starvation medium. Bar, 10 pm.

Source data are provided as a Source data file.
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Supplementary Fig. 3. CCTB3 in MEFs

(A) Distribution of CCTB3-mCherry (magenta) and GFP-LC3 (green) in MEFs treated for 1 h
with 0.25 uM Torin1 in regular medium. Bar, 10 ym.

(B) Distribution of CCTB3-mCherry (magenta) and endogenous LC3 (green) in MEFs starved for
1 h. Bar, 10 ym.
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Supplementary Fig. 4. MEFs starved for 8 h

(A) Distribution of de novo-synthesized PC, GFP-DFCP1, and endogenous LC3 in MEFs
starved for 8 h. Propargylcholine (0.25 mM) was added only for the last 1 h. (a) PC
(magenta) and GFP-DFCP1 (green). Bar, 10 um. (b) PC (red), GFP-DFCP1 (blue), and LC3
(green). The diagram shows the correlation of the three labels and the putative omegasome
structure. Bar, 2 pm.



(B) The punctum size of GFP-DFCP1 in MEFs with or without CCTB3 overexpression. Pooled
data from three independent experiments. The number of puncta counted: 1534 (WT) and
1591 (CCTB3 overexpression). ***p = 0.0002 (two-tailed Mann-Whitney test).

(C) Western blotting of CCTB. MEFs were transfected with either control siRNA or one of three
siRNAs targeted to sequences that are common to CCT2 and CCTp3. MEFs treated with
siRNA#2 were used except in Supplementary Fig. 4D. Western blotting for actin is shown as
a loading control.

(D) The effect of CCT siRNA #3 in MEFs starved for 8 h. The total area of immunolabeled LC3
puncta (n = 60). ****p < 0.0001 (two-tailed Mann-Whitney test).

(E) Rescue experiment after CCTB RNAIi. MEFs transfected with cDNAs for mCherry alone,
mCherry-tagged CCTB2, CCTB3, and three CCTB3 mutants (H59G, K92G, 1-206) were
compared (n = 60). ****p < 0.0001 (two-tailed Mann-Whitney test).

(F) The effect of CCTp knockdown on the number of GFP-ULK1 puncta in MEFs starved for 8
h. Pooled data from three independent experiments (n = 90). Two-tailed Mann-Whitney test.

In box plots, the center line indicates the median, box boundaries indicate the 25th and 75th

percentiles, whiskers are Tukey-type, and the average is marked as +. Source data are provided

as a Source data file.
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Supplementary Fig. 5. MEFs in prolonged autophagy

(A) CCTP3-mCherry (magenta) and perilipin-2 (green) in MEFs starved for 8 h. Bar, 10 ym

(B) CCTP3-mCherry (magenta) and LDs (green) in MEFs treated with 0.25 yM Torin1 for 4 h.
Bar, 10 um.

(C) Endogenous CCTp (magenta) and LDs (green) in MEFs starved for 8 h. Bar, 10 um.

(D) CCTp2-mCherry (magenta) and endogenous LAMP1 (green), a marker for late
endosome/lysosomes, in MEFs starved for 8 h. Bar, 10 um.

(E) The autophagic flux in MEFs cultured for 8 h in EBSS, EBSS containing the OA-BSA
complex, and EBSS containing BSA alone.

(F) Thin layer chromatography. LDs were obtained from MEFs cultured in OA-containing regular
medium for 1 day or from MEFs cultured for 8 h in OA-containing EBSS. A standard lipid
mixture made of cholesterol ester (CE), triglyceride (TG), free cholesterol (FC), and
phosphatidylcholine (PC) was run in four different amounts. CE and TG in LD samples were
quantified using a calibration curve obtained by the spot density of standard samples.

(G) The effect of 20 uM T863 alone and a mixture of 20 uM T863 and 1 yM avasimibe on LD
formation in MEFs starved for 8 h.



(H) The autophagic flux in MEFs cultured for 8 h in EBSS alone or EBSS containing 50 uM
Atglistatin. *p = 0.0186 (two-tailed Mann-Whitney test).

() The effect of chloroquine (CQ) on LD formation in MEFs. Cells were cultured in EBSS for 8
h with or without 20 uM chloroquine for the last 4 h. Bar, 10 um.

Source data are provided as a Source data file.
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Supplementary Fig. 6. PC and isolation membranes in MEFs
(A) PC synthetic activity. MEFs overexpressing CCTB3 or CCTB3(1-206) were compared with
untransfected MEFs. Cells were cultured for 8 h in starvation medium and ®H-choline was
added for the last 30 min. A representative result of two independent experiments.
(B) Formation and elongation of isolation membranes/autophagosomes (green, GFP-LC3) from
LDs where CCTB3-mCherry (magenta) accumulates. Selected images from Supplementary
Movie 3. Bar, 2 um.

(C) De novo-synthesized PC (magenta) and endogenous perilipin-2 (green) in MEFs starved for

8 h. Propargylcholine was added to the medium only for the last 1 h. Intense PC labeling is
marked by arrows. Bar, 10 um.

(D) EM of MEFs overexpressing CCTB3 and starved for 8 h. Electron-dense isolation
membranes (arrows) adhere to LDs. Bars, 0.2 um.

(E) EM of MEFs overexpressing CCTB3 and starved for 1 h. Isolation membranes (arrows) are
adjacent to the ER. Bars, 0.2 um.

Source data are provided as a Source data file.
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Supplementary Fig. 7. U20S starved for 24 h

(A)

(B)

(C)

(D)

(E)
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Distribution of GFP-DFCP1 (green) and LDs (magenta) in U20S starved for 24 h. Bar, 10
pm.

CCTp-null U20S. (a) Deletion of 4 bp in the target genome DNA was verified by
sequencing. (b) Western blotting by anti-CCTp antibody.

Cell survival. CCTB-null U20S transfected with cDNAs for mCherry alone, mCherry-tagged
CCTp2, CCTB3, and two CCTR3 mutants (K104G and 1-218) was cultured as shown in Fig.
7D. The cell numbers after three days of starvation were compared. Pooled data from two
independent experiments [n = 6 for CCTR3(1-218); n = 9 (for the others)]. *p = 0.0132 (two-
tailed Mann-Whitney test).

U20S expressing CEPT1 or CHPT1 shRNA was compared with U20S expressing control
shRNA. A representative result of two independent experiments. For the survival
experiment, n = 6, **p = 0.0022 (two-tailed Mann-Whitney test).

CCTB-null Huh7 starved for 24 h. (i) Distribution of CCT3-mCherry (magenta) and LDs
(green). Bar, 10 um. (ii) PC synthetic activity. (iii) The autophagic flux.

Autophagosomes (arrows) in wild-type and CCTB-null U20S starved for 24 h. Bar, 0.5 ym.



(G) Elongated isolation membranes in CCTB-null U20S starved for 24 h. IMAT membranes are
marked by arrows. Bars, 0.2 ym.
Source data are provided as a Source data file.



Supplementary Table 1. Sequences of PCR primers

Reverse:

Species Protein Primer sequence (5" - 3’)
Human CCTa Forward: ggaagatctaccatggatgcacagtgttcagccaagg
Reverse: acgcgtcgactggtcticttcatcctcactgatatc
CCTp2 Forward: ggaagatctaccatgccagtagttaccactgatgctg
Reverse: acgcgtcgactgcttttcatcctcatceccctege
CCTp3 Forward: ggaagatctaccatggtaggccatcaggagtgcatcatg
Reverse: acgcgtcgactgcttttcatcctcatceccctege
Mouse CCTa Forward: gaagatctaccatggatgcacagagttcagctaaagtc
Reverse: acgcgtcgactggtcctcttcatcctcgetgatgte
CCTp2 Forward: gaagatctaccatgccagtacttaccactgatgc
Reverse: acgcgtcgactgcttctcatcctcatccee
CCTp3 Forward: gaagatctaccatggacaaggacgaattct

acgcgtcgactgcttctcatcctcatcecce




