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PAT Proteins Inhibit Starvation-induced Lipid Droplet Coalescence
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ABSTRACT Objective: Lipid droplet coalescence is one of the ways to effectively increase lipid droplet (LD) size. However, compared
with other methods, this method is less researched. This study aimed to establish a cell model of LD coalescence for its further biological
study. Methods: Two cell lines, namely rat kidney fibroblast cell line NRK and mouse pre-adipocyte cell line 3T3-L1, were cultured with
oleic acid (OA) to induce a large number of cytosolic LDs. To establish lipid droplet coalescence model, the cells were cultured with
starvation buffer, and the dynamic changes of LDs were tracked by time-lapse observation with confocal microscopy. Then, by adding
autophagy inhibitors or overexpressing PAT proteins (PLIN1/ADRP/TIP47) with overexpressing CCT as a positive control, their roles in
regulating LD coalescence were studied in this model. Results: Starvation-induced LD coalescence was obviously observed about 3 hours
after the starvation buffer treatment. The LD coalescence process was characterized by a fast fusion as we observed the process could be
completed within 20 seconds from two LDs contact to their fusion into a large LD. The coalescence process was different from
CIDE-mediated LD fusion which was a slow process. Autophagy inhibitors could inhibit autophagy, but did not significantly alter LD
coalescence, indicating that starvation-induced LD coalescence did not depend on autophagy. Further, compared with overexpressing
GFP, overexpressing LD proteins, including GFP-CCT, GFP-PLIN1, GFP-ADRP, or GFP-TIP47, significantly blocked LD diameter increase
caused by starvation-induced LD coalescence. Conclusions: This study established a starvation-induced LD coalescence cell model and
demonstrated PAT proteins (PLIN1, ADRP, TIP47) inhibited LD coalescence.
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Fig.1 Starvation induced an increase in lipid droplet diameter in 3T3-L1 cells

LDs in 3T3-L1 cells with starvation treatment or not. 3T3-L1 cells were treated with 200 pM oleic acid for 16 hours. LDs were stained with the BODIPY

493/503 in green, nuclei were stained by Hoechst in blue. Scale Bar: 50 pm.
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Fig.2 Starvation induced LD coalescence in NRK cells
(A) LDs in NRK cells with starvation treatment or not, LDs were labeled with BODIPY 558/568 C12 in red. Scale Bar: 10 pm. (B) Statistical analysis of
largest LD diameter in NRK cells with starvation buffer treatment or not in the experiment (A). ***, P<0.001(n represents the number of cells counted).
(C) Captured images from time-lapse video of starved NRK cells. LDs were stained with BODIPY 493/503 in green. White squares indicating LD

coalescence; Red star showing two LDs fusing and forming a single larger round LD. The upper left number (hh:mm:ss) indicating time. Scale Bar: 5 pm.
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Fig.3 Autophagy inhibition by autophagy inhibitors has no effect on LD diameter increase by starvation

(A) Detection protein levels of autophagy marker p62 and LC3 in NRK cells with starvation buffer or not. (B) Statistical analysis of GFP-LC3 puncta in

NRK-GFP-LC3 cells with autophagy inhibitors or not. (C) Representative images of LDs in starvation buffer with autophagy inhibitors or not in bright

field. (D) Statistical analysis of autophagy inhibitors' effect on the diameter of LDs induced by the starvation buffer, NS, no significance;

*** P<0.001(n represents the number of cells counted ).
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Fig.4 PAT proteins inhibited starvation induced LD coalescence

(A) Western Blot analysis of LD protein expression level and autophagy-related marker proteins in GFP and GFP-CCT, GFP-PLIN1, GFP-ADRP or

GFP-TIP47 transfected NRK cells with starvation buffer treatment or not. (B) Representative images corresponding to (A); Scale Bar: 10 pm.

(C) Diameter of largest LDs in NRK cells(n represents the number of cells counted ). NS, no significance; *, P<0.05, **, P<0.01; *** p<0.001.
(D) Representative images of LDs in Cherry, Cherry-CCT, Cherry-PLIN1, DsRed-ADRP transfected NRK-GFP-LC3 cells with starvation buffer treatment

or not; LDs were stained by lipidTOX deep red. Scale Bar: 10 pm.
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