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Abstract
While the physical interactions between the Golgi apparatus (Golgi) and lipid droplets (LDs) have been suggested through

system-level imaging, the Golgi-LD membrane contact sites (MCSs) remain largely uncharacterized. Here, we show evidence

to support the existence of Golgi-LD MCSs in HEK293 cells. We further suggest that vacuolar protein sorting-associated pro-

tein 13B (VPS13B) localizes to and promotes the formation of Golgi-LD contacts upon oleic acid (OA) stimulation using 3D

high-resolution microscopy. Depletion of VPS13B moderately affects the formation of Golgi-LD contacts upon OA treatment

in addition to the fragmentation of the Golgi. Although cellular functions of VPS13B-mediated contacts are still elusive, these

findings may provide a new insight into related diseases caused by loss-of-function mutations of VPS13B.
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Introduction
Membrane contact sites (MCSs) are microdomains where
opposing membranes of two organelles are tethered by
protein–protein or protein–lipid interactions (Eisenberg-Bord
et al., 2016; Gatta and Levine, 2017; Lees and Reinisch,
2020; Ugur et al., 2020). A growing body of evidence has
supported that MCSs are conserved cellular structures with
multiple fundamental functions such as organelle inheritance,
fusion, and fission, and the transfer of lipids, ions, and other
small metabolites (Abrisch et al., 2020; Elbaz and Schuldiner,
2011; Kumar et al., 2018; Lewis et al., 2016; Prinz et al.,
2020; Scorrano et al., 2019; Valverde et al., 2019; Wu et al.,
2018). The understanding of MCSs has been greatly improved
as tethering, effector, and regulatory proteins at MCSs being
identified (Eisenberg-Bord et al., 2016; Gatta and Levine,
2017). However, it is clear that only a small portion of the
complete cellular puzzle of MCSs has been investigated so
far and that, therefore, new MCSs and key players at such
MCSs await discovery (Bohnert and Schuldiner, 2018).

Vacuolar protein sorting-associated protein 13B (VPS13B)
is a member of bridge-like lipid transfer protein family
(BLTP) (Neuman et al., 2022) that is highly conserved in
animal species. The human genome contains four VPS13
genes (VPS13A, VPS13B, VPS13C, and VPS13D genes)
(Velayos-Baeza et al., 2004). Previous studies have revealed
that VPS13A and VPS13C are lipid transporters at endoplasmic
reticulum (ER)-associated MCSs including ER-mitochondria/
lipid droplet (LD)/plasma membrane (VPS13A) and ER-late

endosome/lysosome/LD MCSs (VPS13C) (Guillen-Samander
et al., 2022; Kumar et al., 2018; Park et al., 2022). VPS13D
has been reported to play roles in mitophagy in Drosophila
(Anding et al., 2018; Shen et al., 2021) and localizes to
ER-mitochondrial/peroxisomal contacts (Baldwin et al.,
2021; Guillen-Samander et al., 2021). Our results further
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showed that VPS13D plays a regulatory role in
ER-mitochondrial MCSs (Du et al., 2021) and facilitates LD
remodeling under starvation (Wang et al., 2021). Whether
VPS13B is associated with a specific type of MCS remains
unclear, though VPS13B has been previously implicated in
the maintenance of the Golgi structure (Seifert et al., 2011;
Seifert et al., 2015) and in cargo transport from early endo-
somes to recycling endosomes (Koike and Jahn, 2019).

In the present study, we show evidence to support the
existence of Golgi-LD MCSs. We further suggest that
VPS13B localizes to the Golgi-LD MCSs under oleic acid
(OA)-stimulated conditions. Overexpression of VPS13B pro-
moted the formation of Golgi-LD MCSs, and its depletion
affected the formation or the regulation of these contacts.
In addition, we show evidence that the ER was often
involved in the VPS13B-marked MCSs upon OA stimula-
tion, suggesting that VPS13B may function at ER-Golgi-
LD tripartite junctions.

Results and Discussion

A Portion of LD Associates with the Golgi in
OA-Stimulated HEK293 Cells
System-level spectral imaging has observed that LDs fre-
quently contacted the Golgi in COS7 cells, suggesting that
the Golgi formed MCSs with LDs (Valm et al., 2017).
Consistent with the result, we found that a portion of LDs
(labeled by BODIPY-558/568) contacted the Golgi (marked
by Halo-Rab6A) in HEK293 cells, as revealed by tight asso-
ciations between these two organelles using high-resolution
live-cell airyscan confocal microscopy (Figure 1A). To
better visualize LDs, we cultured the cells in medium contain-
ing OA, to increase the size and abundance of LDs.

The Golgi structures remained largely peri-nuclear but
occupied a considerable volume in three dimensions (3D).
Thereby, we used 3D reconstructions of z-stacks through
high-resolution airyscan confocal microscopy to confirm
the association between the Golgi and LDs in
OA-stimulated HEK293 cells (Figure 1B). A small but sig-
nificant portion of LDs (∼10%) tightly associated with the
Golgi (Figure 1C and D), as revealed by co-localization ana-
lysis based on maximum intensity projections of z-stacks.

VPS13B Localizes to Golgi-LD MCSs
The physical associations between the Golgi and LDs may
represent Golgi-LD MCSs. However, the components of
such MCSs were unknown. Given that VPS13B is a BLTP
associated with the Golgi apparatus (Seifert et al., 2011),
we hypothesized that VPS13B may function at Golgi-LDs
MCSs. To confirm this hypothesis, we initiated an examin-
ation of the cellular localizations of VPS13B within animal
cells. We explored the localization of endogenous VPS13B
by immunofluorescence staining (IF) in HEK293 cells
(Figure 2A). Endogenous VPS13B mainly localized to the

Golgi (labeled by Halo-Rab6) (Figure 2A), which is in agree-
ment with previous studies (Koike and Jahn, 2019; Seifert
et al., 2015). Interestingly, ∼76% of potential Golgi-LD junc-
tions were marked by VPS13B (Figure 2B), while ∼82% of
Golgi-associated VPS13B puncta (or enrichments) were
present at Golgi-LD junctions (Figure 2C). The fluorescence
of endogenous VPS13B at these junctions was almost com-
pletely lost upon small-interfering RNAs (siRNAs)-mediated
VPS13B suppression (Figure 2D-F), validating the specifi-
city of the anti-VPS13B antibody in IF.

We ectopically expressed superfolder green fluorescent
protein (sfGFP)-tagged VPS13B (NM152564.5 isoform1)
(VPS13B^sfGFP), in which sfGFP was internally tagged to
VPS13B at a site shown to preserve yeast VPS13 function
(Lang et al., 2015), in HEK293 cells. We used HEK293
cells for this purpose as they are well suited for the transfec-
tion and expression of the huge VPS13B^sfGFP construct
(∼20 K base pairs in size). We further validated the localiza-
tion of VPS13B^sfGFP at Golgi-LD MCSs via 3D high-
resolution imaging. We found that VPS13B^sfGFP was pref-
erentially accumulated at Golgi-LD MCSs with LDs being
tightly tethered to the Golgi in response to OA stimulation
(Figure 2G). Notably, VPS13B^sfGFP marked an extensive
Golgi-LD MCSs (Figure 2H), whereas endogenous
VPS13B marked only spot-like contacts between the Golgi
and LDs (Figure 2A), suggesting that VPS13B overexpres-
sion may result in expansions of these contacts. In addition,
we found that the size of LDs at VPS13B-marked contacts
appeared to be slightly increased compared with that of
those not associating with these contacts, and
VPS13B^sfGFP overexpression further increased the size
of LDs contacting the Golgi (Figure 2I).

VPS13B Promotes the Formation of Golgi-LD MCSs
Next, we investigated whether VPS13B promoted the forma-
tion of Golgi-LD MCSs by live-cell confocal microscopy.
Remarkably, we noted that a substantially higher portion of
LDs (∼51%) was closely associated with the Golgi upon
expression of VPS13B^sfGFP (Figure 3A and B), compared
to either pAcGFP1-Golgi (GFP tagged trans-membrane
region of B4GALT1 as a general Golgi marker) or
Halo-Rab6 transfected cells, suggesting a potential role of
VPS13B in promoting Golgi-LD associations. In addition,
high-resolution confocal microscopy suggested that
VPS13B^sfGFP appeared to enrich at MCSs between large
LDs and the Golgi (Figure 3C).

Electron micrographs showed that a cluster of small vesi-
cles were present around LDs in VPS13B overexpressed
cells (Figure 3D). Currently, the nature of the vesicle
cluster is unclear. Interestingly, SHIP164, a newly identified
VPS13-related protein, was localized to a cluster of small
vesicles of early endocytic pathway (Hanna et al., 2022).
We speculated that the vesicle cluster might be clustered
Golgi vesicles possibly from ER-Golgi intermediate compart.
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Given the dynamic nature of the Golgi and LDs, we
tracked the movement of LDs relative to the Golgi over
time in HEK293 cells expressing VPS13B^sfGFP in OA
medium. We found that LDs were tightly associated with
the Golgi, and these VPS13B^sfGFP-mediated associations

could last for more than 2 min by live-cell imaging, which
was more stable than those in cells without VPS13B overex-
pression (Figure 3E and F). Collectively, our findings sug-
gested that VPS13B might facilitate the tethering between
the Golgi and LDs under OA-stimulated conditions.

Figure 1. A portion of LD associates with the Golgi in OA-stimulated HEK293 cells. (A) Representative airyscan images of a live BODIPY

558/568 (green)-labeled HEK293 cell expressing Halo-Rab6 (magenta). (B) 3D images of the cell in (A) with three different angles (80°, 140°,

and 300°) along z-axis were shown. A stack of 26 z-planes with 0.19-μm thickness in each stack was taken. Yellow arrows denoted LDs

tightly associated with the Golgi. (C) The maximum intensity projections of 3D reconstructions of the cell in (A) showing Golgi-LD

interactions. (D) Quantification of Golgi-LD interactions in BODIPY558/568-labeled cells expressing Halo-Rab6 (n = 12) based on the

maximum intensity projections from 3D constructions. Mean ± SD. Scale bar, 10 μm in (A, B, and C).
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Figure 2. VPS13B localizes to Golgi-LD MCSs. (A) Airyscan images of fixed BODIPY558/568 (magenta)-labeled HEK293 cells expressing

pAcGFP-Golgi (blue) in IF with anti-VPS13B antibody (green). Yellow arrows denoted endogenous VPS13B foci adjacent to Golgi-LD

junctions. (B) Percentage of Golgi-LD junctions (n = 286 from 20 cells) marked with endogenous VPS13B. Mean ± SD. (C) Percentage of

Golgi-associated, endogenous VPS13B puncta or enrichments (n = 1570 from 20 cells) at Golgi-LD junctions. Mean ± SD. (D) Western blots

demonstrated the efficiency of siRNA-mediated VPS13B suppression. (E) Confocal images of scrambled (top panel) or VPS13B siRNAs

treated (bottom panel) HeLa cells expressing pAcGFP-Golgi (blue) in IF by anti-VPS13B antibody (green). Contrast range of images was set

to same level for both cells. (F) Quantification of VPS13B fluorescence intensity in IF of scrambled (n = 46) or VPS13B siRNAs (n = 39)

treated cells. Mean ± SD. Two-tailed unpaired Student t-test. (G, H) High-resolution 3D image of a BODIPY558/568 (magenta)-labeled

HEK293 cell expressing VPS13B^sfGFP (green) and Halo-Rab6 (blue), with two insets from boxed regions with yellow arrows denoting

specific enrichment of VPS13B^sfGFP at Golgi-LD MCSs. (I) Quantification of the size of LDs at the Golgi-LD junctions (n = 157, 24 cells),

LDs not at junctions (n = 167, 24 cells) or LDs at VPS13B^sfGFP-marked junctions in cells expressing VPS13B^sfGFP (87, 13 cells). Mean ±
SD. Two-tailed unpaired Student t-test. Scale bar, 10 μm in (A) and 2 μm in insets in (A, E, and H).
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Figure 3. VPS13B promotes the formation of Golgi-LD MCSs. (A) Representative airyscan confocal images of a BODIPY558/568 (LD

marker, magenta)-labeled HEK293 cell expressing VPS13B^sfGFP (green), Halo-Rab6 (blue). Yellow arrows denoted the hyper-tethering of

LDs to Golgi upon VPS13B^sfGFP expression. Asterisks represented neighboring cells with normal distribution of LDs. (B) Quantification of

Golgi-LD interactions in BODIPY558/568-labeled cells expressing a general Golgi marker pAcGFP-Golgi (n = 16), Halo-Rab6 (n = 18), or

co-expressing VPS13B^sfGFP and Halo-Rab6 (n = 12). Mean ± SD. Two-tailed unpaired Student t-test. (C) High-resolution lightning images

of a cell as in (A) in medium with OA (500 μM) for 16 hours. Left: whole cell image; right: an inset from a boxed region in whole cell image.

Yellow arrows denoted the specific enrichment of VPS13B^sfGFP at Golgi-LD MCSs. (D) Representative electron micrographs showing a

cluster of vesicles (red arrows) near LD in HEK293 cells expressing VPS13B^sfGFP in OA medium with one inset from boxed regions on the

right. M: mitochondria; N: nucleus; ER: endoplasmic reticulum. (E) Time-lapse images of a BODIPY558/568 (magenta)-labeled HEK293 cell

expressing VPS13B^sfGFP (green) and Halo-Rab6 (blue). Time in sec. (F) Duration of Golgi-LD contacts as in (D) or in cells without

VPS13B^sfGFP expression by live cell imaging with a time window of 2 min. Time in sec. Mean ± SD. Two-tailed unpaired Student t-test.

Scale bar, 10 μm in whole cell image and 2 μm in insets in (A); 2 μm in whole cell image and 0.5 μm in the inset in (C); 1 μm in left panel and

0.5 μm in right panel in (D); 10 μm in (E).
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The Depletion of VPS13B Affected the Formation of
Golgi-LD Contacts
To explore whether VPS13B was required for the formation
of Golgi-LD contacts, we examined the effects of
siRNA-mediated VPS13B depletion on the Golgi-LD con-
tacts by high-resolution 3D confocal microscopy. In agree-
ment with previous studies (Seifert et al., 2011), VPS13B
depletion resulted in Golgi fragmentation (Figure 4A and B
and Figure 2E). Further, we quantified the percentage of
LDs contacting the Golgi and found that VPS13B depletion
reduced the portion of LDs involving in the Golgi contacts,
but to a moderate extent (Figure 4C). We speculate that the
dispersed Golgi mini stacks in VPS13B-depleted cells
increased the probability of contacts with LDs, which
might compensate the effect of VPS13B depletion.
Notably, we noticed that a portion of LDs appeared to be
adjacent to but not physically contacted the Golgi in
VPS13B-depleted cells (Figure 4D; yellow arrows), as
revealed by 3D reconstruction with three different angles
(0°, 90°, and 180°) along with the y-axis. Notably, our
results could not exclude that VPS13B depletion indirectly
affected the formation or the regulation of Golgi-LD con-
tacts through affecting the Golgi morphology. Of note, we

found that the size of LDs at contact with the Golgi was
reduced in response to VPS13B siRNA treatment
(Figure 4E), suggesting a regulatory role of VPS13B in
LD size.

Lack of Stable Association Between VPS13B and VAPs
Previous studies showed that VPS13 proteins, including
VPS13A/C/D, tethered the ER via its FFAT or
phospho-FFAT motif in its N terminal to the other organelles
via a region in its C-terminal, and the organization allowed
VPS13 proteins to mediate lipid transfer from the ER to the
other organelles (Melia and Reinisch, 2022). Based on a pre-
diction algorithm for the FFAT motif reported in previous
studies (Murphy and Levine, 2016; Slee and Levine,
2019), seven putative FFAT motifs were found in the N ter-
minal portion of VPS13B (residues 1-1500) (Figure S1A).
However, the N terminal fragment of VPS13B containing
these FFAT motifs did not substantially associate with the
ER adaptors, such as VAPA (Figure S1B), VAPB
(Figure S1C), or MOSPD2 (Figure S1D), in cells without
OA stimulation, suggesting that VPS13B may not be able
to stably target the ER via FFAT or Phospho-FFAT.

Figure 4. The Golgi-LD interactions in VPS13B-depleted cells. (A) Representative confocal images of a BODIPY 558/568 (green)-labeled

HeLa cell expressing pAcGFP1-Golgi (magenta) upon treatments of VPS13B siRNAs. (B) The maximum intensity projections of 3D

reconstructions of the VPS13B-depleted cell in (A) showing possible Golgi-LD interactions. (C) Quantification of Golgi-LD interactions in

BODIPY558/568-labeled cells expressing pAcGFP-Golgi in response to either scrambled (n = 17) or VPS13B siRNAs (n = 17). Mean ± SD.

Two-tailed unpaired Student t-test. (D) 3D images of the VPS13B-depleted cell in (A) with three different angles (0°, 90°, and 180°) rotating

along with y-axis were shown. A stack of 26 z-planes with 0.19-μm thickness in each stack was taken. Yellow arrows denoted LDs adjacent

but not physically contacting the Golgi. (E) Quantification the size of LD adjacent to the Golgi in BODIPY558/568-labeled cells in response

to either scrambled (n = 17) or VPS13B siRNAs (n = 17). Mean ± SD. Two-tailed unpaired Student t-test. Scale bar, 10 μm in whole cell

image and 1 μm in insets in (A); 2 μm in insets in (B–D).
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In addition, we asked whether VPS13B overexpression
could enhance the interaction between the ER and the Golgi,
the latter of which VPS13B localized on. Consistently, expres-
sion of VPS13B^sfGFP alone appeared not to result in a strong
tethering of the ER to the Golgi, as revealed by the colocaliza-
tion analysis between these two organelles (Figure S1E and F).
Importantly, it should be noted that our results did not exclude
the possibility that VPS13B was transiently associated with
the ER in the form of ER-Golgi-LD tripartite contacts.
Alternatively, VPS13Bmight be recruited to the ER (or ER sub-
domains) via unknown adaptors, other than VAPs orMOSPD2.

A growing body of evidence showed that VPS13-containing
lipid transporters might be responsible for organelle biogenesis
(Melia and Reinisch, 2022). For instance, bridge transporter
Atg2 was required for autophagosome biogenesis (Osawa
et al., 2019; Valverde et al., 2019). Yeast Vps13 was required
for the prospore formation in yeast (Park and Neiman, 2012;
Park et al., 2013) and strains lacking the protein failed to sporu-
late (Enyenihi and Saunders, 2003). Vps13B was essential for
acrosome biogenesis during sperm development (Da Costa
et al., 2020). Vps13D was suggested to be necessary for peroxi-
some biogenesis (Baldwin et al., 2021).

Since our results suggested that the ER might be involved
in VPS13B-marked MCSs, the mechanisms through which
VPS13B recognized the ERmembrane remained to be dissected.
The following question was whether and how VPS13B trans-
ferred lipid acrossMCSs? The C-terminus of VPS13B is reported
to mediate its Golgi localization (Seifert et al., 2011). Therefore,
membrane targeting ability of VPS13B appears to be solely
attributed to its C-terminus. Since VPS13 proteins (VPS13A/
C/D) were bridge-like lipid transporters that anchored the ER
on the N-terminus and targeted the other organelles via the
C-terminus (Melia and Reinisch, 2022), VPS13B may be dis-
tinct from its VPS13 paralogs regarding the lipid transfer
mode. Nevertheless, it is possible that VPS13B is transiently
associated with the ER via FFATmotifs at its N-terminus; alter-
natively, there may be an unknown element at the N-terminus of
VPS13B that is responsible for targeting VPS13B to the ER.

Furthermore, does VPS13B promote the growth of the
Golgi, LDs, or other membrane structures in the ER? These
questions are required to be extensively addressed in future.
Loss-of-function mutations of VPS13B lead to Cohen disease,
a complex syndrome featured by global developmental delay
and intellectual disability (Kolehmainen et al., 2004), and the
answers to these questions will provide new mechanistic
insights on this disease.

Methods and Materials

Plasmids and siRNA Oligonucleotides
Human VPS13B ORF was cloned from HeLa cDNA, and
fully sequenced (NM152564.5. isoform1). The internal
sfGFP tagged VPS13B (VPS13B^sfGFP) was generated by
inserting sfGFP sequence after V1265 of VPS13B in the

frame. All truncated VPS13B mutants used in this study
were generated by PCR using VPS13B^sfGFP as template
and cloned it into mGFP-N1 (addgene 54767) or mGFP-C1
(addgene 54579). pAcGFP-Golgi was bought from Clontech
(Cat. No.632464). Halo-Rab6 was generated by inserting
Rab6A coding sequence obtained by PCR using HeLa cDNA
as template into Halo-C1 vector. mito-BFP was a gift from Gia
Voeltz (Addgene 49151). Halo-VAPA/VPAB/Sec61β(Sec61)/
MOSPD2 were generated by inserting the coding sequences
obtained by PCR from HeLa cDNA as templates into Halo-C1
vector. All of constructs used in this study were generated by
usingClonExpress®II One Step Cloning kit (Vazyme, C112-01).

Oligonucleotides for human VPS13B siRNAs were
synthesized by RiboBIO (Guangzhou, CN) against target
sequence 5′-GACCTTACTTGTCATAATA-3′ (siRNA#1);
5′-GCCTATGTTTATTCGTATA-3′ (siRNA#2); As a control,
scrambled siRNA 5′-CGUUAAUCGCGUAUAAUACGCGU
AT-3′ (RiboBIO) was used.

Antibodies and Reagents
Anti-Tubulin (100109-MM05 T; Sinobiological) was used at
1:1000 dilutions for Western blot. Anti-VPS13B (HPA043865;
Sigma), anti-GM130 (11308-1-AP; Proteintech) antibodies
were used 1:100 for IF. The following reagents were used
in this study: OA (O1008; sigma); BODIPY 558/568
(ThermoFisher, D3835), and antibiotics such as G418
(10131027) and puromycin (A1113803) were obtained from
Thermofisher. All EM reagents were purchased from Electron
Microscopy Sciences.

Cell Culture and Transfection
Human embryonic kidney 293 cells (ThermoFisher, R70507)
were grown in DMEM (Invitrogen) supplemented with 10%
fetal bovine serum (Gibco) and 1% penicillin/streptomycin.
All of the cell lines used in this study are free of mycoplasma
contamination.

For transfection, cells were seeded at 4×105 cells per well in a
six-well dish 16 h before transfection. Plasmid transfections were
performed in OPTI-MEM (Invitrogen) with 2 µl Lipofectamine
2000 per well for 6 h, followed by trypsinization and replating
onto glass-bottom confocal dishes at 3.5×105 cells per well.
Cells were imaged in live-cell medium (DMEM with 10% FBS
and 20 mM Hepes no antibiotics) 16–24 h after transfection. For
all transfection experiments in this study, the following amounts
of DNA were used per 3.5 cm well (individually or combined
for cotransfection): 1000 ng for VPS13B^sfGFP; 500 ng for trun-
cated VPS13B mutations; 500 ng for pAcGFP-Golgi; 50 ng for
Halo-Rab6 or Rab6 mutants; and 500 ng for mito-BFP.

BODIPY 558/568 Staining in Live Cell
Cells were washed once with PBS and were changed to com-
plete medium containing 3 μM BODIPY558/568 and
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incubated at 37°C for the indicated period of time. Cells were
washed with PBS three times and changed to imaging
medium (DMEM supplemented with 10% FBS and 20 mM
Hepes without phenol red) prior to imaging.

Halo Staining in Live Cell
Cells were incubated with complete medium with 5 nM
Janilia Fluo® 646 HaloTag® Ligand for 30 min. Cells
were washed three times with complete medium to remove
extra ligands, followed by incubation for another 30 min.
Medium was replaced with imaging medium to remove
unconjugated Halo ligands that have diffused out of the
cells prior to imaging.

Live Imaging by Confocal Microscopy
Cells were grown on glass-bottom confocal dishes. Confocal
dishes were loaded to a laser scanning confocal microscope
(LSM780, Zeiss, Germany) equipped with multiple excita-
tion lasers (405 nm, 458 nm, 488 nm, 514 nm, 561 nm, and
633 nm) and spectral fluorescence GaAsP array detector.
Cells were imaged with the 63× 1.4-NA iPlan-Apochromat
63× oil objective using the 405-nm laser for BFP, 488-nm
for GFP, 561-nm for mStrawberry, OFP, tagRFP, or
mCherry. Cells were imaged in live cell chamber supplied
with 5% CO2 at 37°C.

High-Resolution Airyscan Live Cell Imaging
Cells on confocal dishes were loaded to a laser scanning con-
focal microscope (LSM900, Zeiss, Germany) with Airyscan2
in equipped with≥ 32 GaAsP-PMT array detector, 63×/1.4
oil objective (working distance 190 μm), four lasers
(405 nm 5 mW, 488 nm 5 mW, 561 nm 5 mW, and 640 nm
5 mW) with corresponding filters. Cells were imaged with
405-nm laser for BFP, 488-nm for GFP, 561-nm for OFP,
tagRFP, or mCherry and 640-nm for Janilia Fluo® 646
HaloTag® Ligand.

Live Cell Imaging by Leica SP8 Equipped with Lightning
Super-Resolution Module
Cells on confocal dishes were loaded to Leica SP8 equipped
with lightning super-resolution module equipped with HC
PL APO CS2 100×/1.4 oil objective, four lasers (415 nm,
499 nm, 567 nm, and 662 nm) with corresponding filters.
Cells were imaged in optiMEM with Hepes buffer in live
cell chamber supplied with 5% CO2 at 37°C.

Immunofluorescence Staining
Cells were fixed with 4% PFA (paraformaldehyde, Sigma) in
PBS for 10 min at room temperature. After washing with

PBS three times, cells were permeabilized with 0.1%
Triton X-100 in PBS for 15 min on ice. Cells were then
washed three times with PBS, blocked with 0.5% BSA in
PBS for 1 h, incubated with primary antibodies in diluted
blocking buffer overnight, and washed with PBS three
times. Secondary antibodies were applied for 1 h at room
temperature. After washing with PBS three times, samples
were mounted on Vectashield (H-1000; Vector
Laboratories).

Electron Microscopy
Oleic acid–stimulated HEK293 cells ectopically expressing
VPS13B^sfGFP were fixed with 2.5% glutaraldehyde in
0.1 M Phosphate buffer, pH7.4 for 2 h at room temperature.
After washing three times with 0.1 M phosphate buffer, cells
were scraped and collected with 0.1 M phosphate buffer fol-
lowed by centrifugation at 3000 rpm. The pellet was resus-
pended in PBS (0.1 M), and centrifuged at 3000 rpm for
10 min. This step was repeated three times. The samples
were post-fixed with pre-cold 1% OsO4 in 0.1 M
Phosphate buffer for 2-3 h at 4°C, followed by rinsing with
PBS 3 times (3× 20 min). The samples were dehydrated in
graded ethanol (50%, 70%, 85%, 90%, 95%, and 2×
100%) with 15 min for each condition. The penetrations
were performed in an order of acetone-epoxy (2:1);
acetone-epoxy (1:1); epoxy. Each round of penetration was
performed at 37°C for 12 h. The samples were embedded
in epoxy resin using standard protocols. Sections parallel to
the cellular monolayer were obtained using a Leica EM
UC7 with a thickness of 60–100 nm and examined under
HT7800/HT7700. Golgi apparatus, the ER, mitochondria,
and LDs were identified based on their respective morph-
ology and were traced by hand.

Image Analysis
All image analysis and processing were performed using
ImageJ (National Institutes of Health). MCSs were automat-
ically identified by colocalization plugin with overlapping
pixels representing potential MCSs. LD or Golgi number
was measured manually with the assistance of an ImageJ
plugin Cell Counter.

Statistical Analysis
All statistical analyses and p-value determinations were per-
formed in GraphPad Prism6. All the error bars represent
mean±SD. To determine p-values, ordinary one-way
ANOVA with Tukey’s multiple comparisons test was per-
formed among multiple groups, and a two-tailed unpaired
Student t-test was performed between two groups.
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