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LET-767 determines lipid droplet protein targeting
and lipid homeostasis
Lin Fu1*, Jingjing Zhang1*, Yanli Wang1*, Huiyin Wu1*, Xiumei Xu1, Chunxia Li1, Jirong Li1, Jing Liu1, Haizhen Wang4, Xue Jiang
8, Zhihao Li1, Yaomei He1, Pingsheng Liu7, Yingjie Wu5,6, Xiaoju Zou3, and Bin Liang1,2

Lipid droplets (LDs) are composed of a core of neutral lipids wrapped by a phospholipid (PL) monolayer containing several
hundred proteins that vary between different cells or organisms. How LD proteins target to LDs is still largely unknown. Here,
we show that RNAi knockdown or gene mutation of let-767, encoding a member of hydroxysteroid dehydrogenase (HSD),
displaced the LD localization of three well-known LD proteins: DHS-3 (dehydrogenase/reductase), PLIN-1 (perilipin), and
DGAT-2 (diacylglycerol O-acyltransferase 2), and also prevented LD growth in Caenorhabditis elegans. LET-767 interacts with
ARF-1 (ADP-ribosylation factor 1) to prevent ARF-1 LD translocation for appropriate LD protein targeting and lipid
homeostasis. Deficiency of LET-767 leads to the release of ARF-1, which further recruits and promotes translocation of ATGL-
1 (adipose triglyceride lipase) to LDs for lipolysis. The displacement of LD proteins caused by LET-767 deficiency could be
reversed by inhibition of either ARF-1 or ATGL-1. Our work uncovers a unique LET-767 for determining LD protein targeting
and maintaining lipid homeostasis.

Introduction
Lipid droplets (LDs) are neutral lipid storage organelles that
conventionally function as hubs of cellular lipid and energy
metabolism. They are involved in regulation of gene expression
(Gallardo-Montejano et al., 2016; Mejhert et al., 2020), histone
sequestration (Cermelli et al., 2006), viral replication (Miyanari
et al., 2007), drug activity (Greenwood et al., 2019), and so on.
Either overproduction or underproduction of LDs has been im-
plicated in the etiology of human diseases, especially metabolic
disorders such as obesity, fatty liver, type 2 diabetes, cardio-
vascular diseases, as well as others (Zadoorian et al., 2023).
Therefore, LD homeostasis must be tightly regulated to ensure
its appropriate functions.

LDs have a unique architecture consisting of a core of neutral
lipids, mostly triacylglycerols (TAGs) or sterol esters, encircled
by a phospholipid (PL) monolayer decorated with tens to hun-
dreds of proteins (LD proteins) that vary among species and cell
types as shown by various proteomics-based approaches. The
functions of LDs are regulated by these LD proteins, which

represent a variety of functional classes, such as lipid metabo-
lism, membrane trafficking, and protein degradation (Bartz
et al., 2007; Bersuker and Olzmann, 2017; Fujimoto et al.,
2004; Gao et al., 2019; Vrablik et al., 2015; Zhang and Liu,
2019; Zhang et al., 2012). How LD proteins recognize and local-
ize to LD surfaces to function is one of the key aspects of cell
biology. Based on their trafficking pathways, LD proteins are
generally classified into twomajor and distinct classes: Class I LD
proteins are first inserted into the endoplasmic reticulum (ER)
membrane and then relocalized to the LD surface (ERTOLD),
while Class II LD proteins are initially translated in the cytosol
(Cyto) and subsequently recruited to the LD surface (CYTOLD)
(Kory et al., 2016; Olarte et al., 2022).

Class I LD proteins are generally thought to adopt a hairpin
conformation in which a hydrophobic domain embedded in the
monolayer is flanked by hydrophilic regions that are exposed to
the Cyto, forming a V shape extending from the membrane,
either during LD formation or after formation via ER-LD
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membrane bridges (Roberts and Olzmann, 2020). Examples of
Class I LD proteins include the lipid biosynthesis enzymes
glycerol-3-phosphate acyltransferase 4 (GPAT4) (Wilfling et al.,
2013) and diacylglycerol O-acyltransferase 2 (DGAT2) (Stone
et al., 2006), caveolin-1 (Ostermeyer et al., 2001) and caveolin-2
(Fujimoto et al., 2001), and HSD17B11 (Fujimoto et al., 2004; Yokoi
et al., 2007), among others. Class II LD proteins often contain
amphipathic helices with large hydrophobic residues, which de-
tect and bind to the hydrophobic PL packing defects (Prévost
et al., 2018). Examples of Class II proteins include the PLIN
family (Blanchette-Mackie et al., 1995; Greenberg et al., 1991;
Sztalryd and Brasaemle, 2017), the rate-limiting enzyme of
phosphatidylcholine synthesis CTP: phosphocholine cytidylyl-
transferase (Krahmer et al., 2011), the LD–LD fusogenic protein
CIDEA (Gong et al., 2011), and so on. Some class II proteins
target LDs by binding to other LD proteins, such as hormone-
sensitive lipase being recruited to LDs by perilipin 1 (Egan
et al., 1992; Sztalryd et al., 2003). As well, fatty acid modifi-
cation (conjugation of fatty acids such as myristate, palmitate,
and isopentane to proteins) also provides a hydrophobic an-
chor that facilitates binding to PL membranes (Bartz et al.,
2007; Suzuki et al., 2015). Altogether, the exact mechanism
of these LD proteins targeting LDs for proper LD functionality
is still largely unknown. Thus far, most studies on LD trans-
location have focused on the targeting motifs of LD proteins
per se. It is unknown whether there are other pathways or
specific proteins other than CYTOLD and ERTOLD required
for LD protein targeting.

The genetically tractable organism Caenorhabditis elegans has
conserved lipid metabolic pathways and stores neutral lipids in
LDs mainly in the intestine and hypodermis (Watts and Ristow,
2017; Zhang et al., 2013). In C. elegans, several proteins such as
DHS-3 (Zhang et al., 2012), DGAT-2 (Xu et al., 2012), PLIN-1/
MDT-28 (Na et al., 2015), and ACS-4 (Vrablik et al., 2015) have
been reported existing in LDs and have been used as marker
proteins for LDs. We identified LET-767, a homologue of mam-
malian 17β-HSD3/12, required for both CYTOLD and ERTOLD
pathway proteins, DHS-3, PLIN-1, and DGAT-2, targeting LDs.
LET-767 is localized in both the ER and LDs and may function to
prevent the LD translocation of ARF-1 and ATGL-1 for appro-
priate LD protein targeting and lipid homeostasis.

Results
RNAi reduction of LET-767 disrupted the targeting of LD
proteins
LDs contain a core of neutral lipids wrapped by monolayer PLs
decorated with LD proteins. The lipid dye LipidTOX stains the
neutral lipids of LDs. DHS-3 is a short-chain dehydrogenase/
reductase localized to LDs, and the DHS-3::GFP (Table S1) is a
well-established LD marker that generally forms a ring encir-
cling the LipidTOX-stained LDs in C. elegans (Na et al., 2015;
Zhang et al., 2012). Therefore, we established an approach to
identify genes or proteins required for the localization of DHS-
3::GFP to LipidTOX-stained LDs (Fig. 1 A). We hypothesized that
disruption of LD protein targeting may eventually result in al-
tered LD size and lipid accumulation. Using RNAi knockdown,

we screened 51 candidate genes in total (Table S2), including
those affecting LD size in our previous screen (Zhang et al.,
2021). Through this, we found that compared with the control
(Con), RNAi knockdown of let-767 resulted in smaller LDs (Fig. 1,
B and C), similar to RNAi of acs-1 (acetyl-CoA synthetase), but to
a lesser extent as we previously reported (Zhang et al., 2021).
More importantly, the green fluorescence of DHS-3::GFP was
mostly displaced with the LipidTOX-stained LDs and displayed
aggregation or diffusion in let-767RNAi worms (Fig. 1 D), sug-
gesting that reduction of LET-767 probably affects the LD lo-
calization of DHS-3::GFP.

DHS-3 is a close homolog of 17β-HSD11 (Liu et al., 2018),
which was reported to be mostly localized in the ER under
normal conditions but concentrated on LDs under a certain
condition (Yokoi et al., 2007). The SEL(1-79)::mCherry::HDEL
(ER resident protein) and GFP::SP12 (ER resident protein signal
peptidase) (Table S1) are two indicators for the ER (Zhang et al.,
2021). The DHS-3::GFP and mCherry::HDEL displayed distinct
fluorescence in Con worms, but mostly overlapped in let-
767RNAi worms (Fig. 1, E and F), suggesting that the DHS-3::
GFP may be retained in the ER under LET-767 reduction. A
similar result was seen with DHS-3::mCherry and GFP::SP12
(Fig. 1, G and H). Thus, these results suggest that LET-767 is
necessary for the translocation of DHS-3 from the ER to LDs.

Next, to test whether the regulation of LD targeting by LET-
767 is specific for DHS-3 or also for other LD proteins, we ex-
amined another two well-known LD proteins in C. elegans. The
perilipin protein PLIN-1/MDT-28 is a conserved LD protein in
C. elegans and mammals (Na et al., 2015). Similar to DHS-3::
mCherry, the PLIN-1::mCherry (Table S1) was also expressed in
LDs as a ring structure in Con worms, while it was mostly re-
tained in the ER in let-767RNAi worms (Fig. 1, I and J). DGAT-
2 is a homolog of diacylglycerol O-acyltransferase 2 that in-
corporates fatty acids into diacylglycerol to biosynthesize TAG
(Wu et al., 2018; Xu et al., 2012; Yang et al., 2022). As previously
reported (Xu et al., 2012), similar to DHS-3::GFP/DHS-3::
mCherry and PLIN-1::mCherry, the green fluorescence of GFP::
DGAT-2 (Table S1) was localized to LDs as a ring structure in Con
worms, but interestingly, it colocalized with Lyso tracker in let-
767RNAi worms (Fig. 1, K and L), suggesting a displacement of
DGAT-2. Taken all together, these lines of evidence indicate that
LET-767 is essential for LD proteins correctly targeting LDs.

Genetic mutation of let-767 consistently led to the dislocation
of LD proteins
To verify the effect of LET-767 on LD protein targeting, we ex-
amined available and potential mutations of let-767 from the C.
elegans “million mutant project” (Table S1) (Thompson et al.,
2013) (Fig. S1 A). Both Nile Red and LipidTOX staining of fixed
worms fed on either an E. coli HT115 diet orOP50 diet showed that
one (gk553841, M297V) out of seven mutations in let-767 dis-
played significantly reduced LD size and lipid accumulation (Fig.
S1, B–E). Similar to let-767RNAi but to a lesser extent, let-
767(gk553841) worms also had decreased LD size and TAG
content (Fig. 2, A–C), suggesting that this amino acid (M297)
is essential for its function. We then crossed the DHS-3::GFP,
DHS-3::mCherry, PLIN-1::mCherry, and GFP::DGAT-2 into let-
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Figure 1. Reduction of LET-767 disrupted LD protein targeting. (A) Schematic workflow of RNAi screen for genes affecting LD size and DHS-3::GFP LD
localization. LipidTOX staining of fixed worms. (B) LipidTOX staining of LDs in young adult WT worms under RNAi treatments. White arrows indicate LDs.
(C) Quantification of LD diameter from B. Data are presented as mean ± SD of six representative animals for each worm strain. Statistical difference between
Con and a specific RNAi treatment, ***P < 0.001 by one-way ANOVA. (D) Localization of DHS-3::GFP with respect to LDs stained by LipidTOX. White arrows
and yellow arrows indicate the localization of DHS-3::GFP on LDs or not, respectively. The enlarged image was from the corresponding merged image.
(E) Localization of DHS-3::GFP with respect to the ER marked by mCherry::HDEL. White arrows indicate LDs and yellow arrows indicate the localization of
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767(gk553841) worms, respectively, and found that the fluores-
cence of DHS-3::GFP, DHS-3::mCherry, and PLIN-1::mCherry
was mostly expressed in the ER, and GFP::DGAT-2 was in the
lysosome in let-767(gk553841) worms (Fig. 2, D–J). These results
were completely consistent with the effects of let-767RNAi
(Fig. 1). Thus, these results confirm that dysfunction of LET-767
either by RNAi or by gene mutation caused an altered localiza-
tion of LD proteins.

LET-767 is localized to the ER and LDs
LET-767 was reported to share homology with human types 3
and 12 17β-HSD (17β-HSD3/12) (Desnoyers et al., 2007). Se-
quence analysis revealed that LET-767 may contain three dis-
tinct regions including a transmembrane region (1–38 amino
acid [AA]), KR (NAD+ binding site, 39–68 AA), and Adh Short
(short-chain dehydrogenase, 69–316 AA) regions (Fig. 3 A). To
trace the expression of LET-767, we generated a single-copy
integrated strain for the translational expression of let-767::gfp
(Fig. 3 A and Table S1). The green fluorescence of LET-767::GFP
was observed mainly in the intestine and hypodermis (Fig. S1 F),
the major sites for lipid synthesis and storage (Watts and Ristow,
2017). Compared with the Con, RNAi knockdown of let-767 re-
duced the mRNA level of let-767 detected by quantitative PCR
(qPCR), as well as LET-767::GFP fluorescence and protein level
detected with anti-GFP antibody, but not the GFP-tagged
translocation-associated membrane protein 1 (GFP::TRAM-1)
(Table S1) used as a Con (Fig. S1, G–I). Similarly, tram-1RNAi
significantly and specifically reduced the green fluorescence of
GFP::TRAM-1, but not LET-767::GFP (Fig. S1 G), showing the
specificity and efficiency of the RNAi silencing.

As mentioned above, LET-767 protein contains three regions
(Fig. 3 A). To examine which region is required for its proper
location and function, we also generated two additional worm
strains with truncated LET-767::GFP, which were LET-767(1-
38)::GFP and LET-767(39-316)::GFP (Fig. 3 A and Table S1). The
green fluorescence of LET-767::GFP was diffuse and localized to
LipidTOX-stained LDs (Fig. 3 B). However, it did not display the
typical ring pattern of LD proteins like DHS-3::GFP (Zhang et al.,
2012), PLIN-1::mCherry, and GFP::DGAT-2 (Fig. 1). To confirm
the LD location of LET-767, we isolated LDs from the let-767::gfp;
dhs-3::mcherry worms. Confocal microscopy showed that LET-
767::GFP was indeed localized to DHS-3::mCherry and Lipid Blue
labeled LDs as puncta (Fig. 3 C). Moreover, western blot analysis
with anti-GFP antibody also verified that LET-767 was expressed
in the LD fraction but was also present with high abundance
in other cellular components, including cytosol (Cyto), total
membrane, and post nuclear supernatant (PNS) (Fig. 3 D). Taken

together, these lines of evidence clearly support that LET-767 is
localized to LDs.

Next, to examine which region in LET-767 determines its ER
and LD location, we crossed let::767::gfp, let-767(1-38)::gfp, and let-
767(39-316)::gfp into dhs-3::mcherry and also mCherry::HDEL
worm strains (Table S1), respectively, and found that the green
fluorescence of LET-767::GFP and LET-767(1-38)::GFP, but not
the LET-767(39-316)::GFP, perfectly overlapped with mCherry::
HDEL (the ER marker) (Fig. 3, E and F), suggesting that the
N-terminal 1–38 AA of LET-767 are necessary for its location in the
ER. Meanwhile, this region (1–38 AA) was also required for its
localization to LDs since both LET-767::GFP and LET-767(1-38)::GFP
displayed contact with DHS-3::mCherry (Fig. 3 G) or LipidTOX
(Fig. 3 H) -labeled LDs, while this contact was reduced with LET-
767(39-316)::GFP, which appeared somewhat diffused. Taken to-
gether, these results suggest that the transmembrane region (1–38
AA) of LET-767 is necessary for its location in both the ER and LDs.

More importantly, LET-767::GFP overexpression could com-
pletely rescue the LD size and TAG content in let-767(gk553841)
worms, although it had no effect in wild-type (WT) worms
(Fig. 3, I–K), suggesting that LET-767 indeed plays a role in
regulating LD size and lipid homeostasis. In contrast, both let-
767(1-38)::gfp and let-767(39-316)::gfp could not rescue the LD size
in let-767(gk553841) worms (Fig. 3, I–K). Thus, these results
suggest that the entire LET-767 protein determines its role in the
regulation of LD size and lipid homeostasis.

Displacement of LD proteins by LET-767 reduction may not be
due to the deficiency of C17iso and C18:1(n-9)
In C. elegans, LET-767 was reported to be required for the pro-
duction of branched-chain and long-chain fatty acids (Fig. S2 A)
(Entchev et al., 2008). Indeed, both let-767RNAi worms and let-
767(gk553841) worms showed reduced levels of the monomethyl
branched-chain fatty acids C15iso and C17iso and monounsatu-
rated fatty acid C18:1(n-9), as well as the stearoyl-CoA desaturase
(SCD) activity as indicated by the ratio of C18:1(n-9) to C18:0
(Fig. S2, B and C) to different extents. In C. elegans, FAT-5, FAT-6,
and FAT-7 are three SCDs converting C16:0 to C16:1(n-7) and C18:
0 to C18:1(n-9), respectively (Brock et al., 2006, 2007), which are
substrates for biosynthesis of polyunsaturated fatty acids and
also complex lipids such as TAGs, PL, and sphingolipids (Fig. S2
A). Consistently, the expression of FAT-6::GFP and FAT-7::GFP
was significantly reduced in let-767RNAi worms compared with
the Con worms (Fig. S2, D and E). Thus, these observations
raised the question of whether the dislocation of LD proteins by
LET-767 deficiency was due to the reduction of the branched-
chain and long-chain fatty acids.

DHS-3::GFP on the ER. (F) Intensity profiles of labeled scans from high-magnification regions, E-1 and E-2, show the localization of DHS-3::GFP visualized in E.
(G) Localization of DHS-3::mCherry with respect to ER marked by GFP::SP12. White arrows indicate LDs and yellow arrows indicate the localization of DHS-3::
mCherry on the ER. (H) Intensity profiles of labeled scans from high-magnification regions, G-1 and G-2, show the localization of DHS-3::mCherry found in G.
(I) Localization of PLIN-1::mCherry with respect to ER marked by GFP::SP12. White arrows indicate LDs and yellow arrows indicate the localization of PLIN-1::
mCherry on the ER. (J) Intensity profiles of labeled scans from high-magnification regions, I-1 and I-2, show the localization of PLIN-1::mCherry found in I.
(K) Localization of GFP::DGAT-2 with respect to lysosome stained by Lyso tracker. White arrows indicate LDs and yellow arrows indicate the localization of
GFP::DGAT-2 on the lysosome. (L) Intensity profiles of labeled scans from high-magnification regions, K-1 and K-2, show the localization of GFP::DGAT-2 found
in K. All fluorescence images were captured by high-resolution laser confocal microscopy (ZEISS, Carl LSM800). For all of the represented animals, the anterior is
on the left and the posterior is on the right. Scale bar represents 1 μm in enlarged panels and 5 μm in others, respectively, unless specifically indicated.
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For use as positive Con, dietary supplementation of C17iso or
C18:1(n-9) could completely recover the LD size and lipid accu-
mulation indicated by GFP::DGAT-2 as well as the LipidTOX
staining in fat-6RNAi worms and acs-1RNAi worms (Fig. S2, F
and G), respectively, in which ACS-1 is involved in the biosyn-
thesis of C17iso (Fig. S2 A), as we previously reported (Zhang
et al., 2021). However, dietary supplementation of C17iso or C18:
1(n-9) as well as the combination of C17iso and C18:1(n-9) had no
effect on the lysosome misplacement of GFP::DGAT-2 in let-
767RNAi worms (Fig. 4 A). Furthermore, the reduced LD size
and lipid accumulation indicated by LipidTOX staining in both

let-767RNAi and let-767(gk553841) worms could not be rescued by
dietary supplementation of these fatty acids (Fig. 4, B and C). In
C. elegans, dysfunction of LET-767 was shown to affect growth
(Kuervers et al., 2003) and lumen formation (Zhang et al., 2011).
Consistent with these reports, LET-767 reduction resulted in
serious developmental delay and altered ER morphology, and
these phenotypes also could not be recovered by feeding the
above-mentioned dietary fatty acids (Fig. 4, D and E). Taken
together, these results suggest that the displacement of LD
proteins by LET-767 reduction may not be due to the lack of
branched-chain and long-chain fatty acids.

Figure 2. Genetic mutation of let-767 consistently led to the dislocation of LD proteins. (A)Nile Red staining (taken by ZEISS Axio Imager M2microscopy)
and LipidTOX staining (taken by high-resolution laser confocal microscopy, ZEISS, Carl LSM800) of LDs in fixed worms. The stained particles are LDs in
representative worms. (B) Quantification of LD diameter from A. Data are presented as the mean ± SD of six representative animals for each worm strain.
(C) Lipid contents were measured by TLC and GC and presented as % of TAG in total lipids (TAG+PL). Data are presented as the mean ± SD of four biological
repeats for each worm strain. (D) Localization of DHS-3::GFP with respect to ER marked by mCherry::HDEL. White arrows indicate LDs and yellow arrows
indicate the localization of DHS-3::GFP on the ER. (E) Intensity profiles of labeled scans from high-magnification regions, D-1 and D-2, show the localization of
DHS-3::GFP found in D. (F) Localization of DHS-3::mCherry with respect to ERmarked by GFP::SP12. White arrows indicate LDs and yellow arrows indicate the
localization of DHS-3::mCherry on the ER. (G) Intensity profiles of labeled scans from high-magnification regions, F-1 and F-2, show the localization of DHS-3::
mCherry found in F. (H) Localization of PLIN-1::mCherry with respect to ER marked by GFP::SP12. White arrows indicate LDs and yellow arrows indicate the
localization of PLIN-1::mCherry on the ER. (I) Intensity profiles of labeled scans from high-magnification regions, H-1 and H-2, show the localization of PLIN-1::
mCherry found in H. (J) Localization of GFP::DGAT-2 with respect to lysosome stained by Lyso tracker. White arrows indicate LDs and yellow arrows indicate
the localization of GFP::DGAT-2 on lysosome. (K) Intensity profiles of labeled scans from high-magnification regions, J-1 and J-2, show the localization of GFP::
DGAT-2 found in J. (D–J) All worms were fed with E. coli OP50. Significant difference between WT and a specific mutant strain treated with Con or let-767RNAi,
**P < 0.01, ***P < 0.001 by one-way ANOVA. All fluorescence images were captured by high-resolution laser confocal microscopy (ZEISS, Carl LSM800), unless
specifically indicated. For all of the represented animals, the anterior is on the left, and the posterior is on the right. Scale bar represents 1 μm in enlarged
panels and 5 μm in others, respectively, unless specifically indicated.
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Figure 3. LET-767 is localized in the ER and LDs. (A) The prediction of LET-767 domain structure and schematic diagram of LET-767 truncation in C. elegans.
Black box: Adh Short (short-chain dehydrogenase regions); blue box: KR (NAD+ binding site regions); orange red box: transmembrane region. (B) Localization of
LET-767::GFP on LipidTOX-stained LDs. White arrow indicates LDs and yellow arrow indicates the localization of LET-767::GFP on LDs. Scale bar in merged and
enlarged panels represent 10 and 1 μm, respectively. (C) The localization of LET-767::GFP and DHS-3::mCherry on isolated LDs stained by Lipid Blu.
(D) Western blot analysis of LET-767 in various cellular fractions. LET-767::GFP and DHS-3 were detected by anti-GFP antibody and anti-DHS-3 antibody,
respectively. Anti-BIP antibody was employed to detect the ER, and red arrow indicates BIP (binding immunoglobulin protein). Total loading amounts were
adjusted and normalized via SDS-PAGE silver staining (bottom panel). TM, total membrane. (E) Localization of mCherry::HDEL with various LET-767::GFP
truncations. (F) Intensity profiles of labeled scans from high-magnification regions, E-1, E-2, and E-3, show the colocalization of LET-767::GFP and mCherry::
HDEL found in E. (G) Localization of DHS-3::mCherry with various LET-767::GFP truncation. White arrows indicate LDs and yellow arrows indicate the
overlapped LET-767::GFP with DHS-3::mCherry. (H) Localization of various LET-767::GFP truncations on LDs stained by LipidTOX. White arrows indicate LDs
and yellow arrows indicate the localization of LET-767::GFP on LDs. (I) LipidTOX staining of LDs in indicated worm strains. White arrows indicate LDs.
(J) Quantification of LD diameter from I. Data are presented as the mean ± SD of six representative animals for each worm strain. (K) Lipid contents were
measured by TLC/GC and presented as % TAG in total lipids (TAG+PL). Data are presented as the mean ± SD of three biological repeats for each worm strain.
Significant difference betweenWT and an indicated worm strain, ***P < 0.001, significant difference between two indicated worm strains, ###P < 0.001, the P
values are indicated by one-way ANOVA. ns, no significance. All fluorescence images were captured by high-resolution laser confocal microscopy (ZEISS, Carl
LSM800). For all of the represented animals, the anterior is on the left and the posterior is on the right. Scale bar represents 1 μm in enlarged panels and 5 μm
in others, respectively, unless specifically indicated. Source data are available for this figure: SourceData F3.
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Figure 4. Dietary supplementation of C17iso and/or C18:1(n-9) had no effects on let-767 deficiency worms. (A) Localization of GFP::DGAT-2 in Con and
let-767RNAi worms supplemented with C17iso and/or C18:1(n-9). White arrows indicate LDs and yellow arrows indicate the localization of GFP::DGAT-2 on
lysosome. (B) LipidTOX staining of LDs in fixed worms. White arrows indicate LDs. (C) Quantification of LD diameter from B. Data are presented as the mean ±
SD of six representative animals for each worm strain. Significant difference between WT and an indicated worm strain, ***P < 0.001 by one way ANOVA; ns,
no significance. (D) The growth and development analysis of let-767RNAi or let-767(gk553841) worms supplemented with C17iso and/or C18:1(n-9) at 72 h. Scale
bar represents 5 mm. (E) Representative images of ERmorphology indicated by mCherry::HDEL in let-767RNAi worms under treatment of dietary C17iso and/or
C18:1(n-9). Yellow arrows indicate the aggregation of the ER. The white dashed lines indicate the worm boundaries. All fluorescence images were captured by
high-resolution laser confocal microscopy (ZEISS, Carl LSM800). For all of the represented animals, the anterior is on the left and the posterior is on the right.
Scale bar represents 5 μm, unless specifically indicated.
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In addition, LET-767 was recently shown as a 3-ketoacyl re-
ductase involved in fatty acid elongation pathway and the ER
membrane quality (Garcia et al., 2023). We found that RNAi
knockdown of several other genes including sbp-1 (sterol regu-
latory element binding protein), hpo-8 (enoyl-CoA hydratase),
elo-5 (3-ketoacyl synthase), pod-2 (acetyl-CoA carboxylase), and
rab-5 (GTPase) involving in fatty acid metabolism pathway and
the ER homeostasis, indeed caused an altered ER morphology
indicated by mCherry::HDEL (Fig. S2 H), which was similar to
let-767RNAi (Fig. 4 E). However, none of them affected the LD
localization of DHS-3::GFP and GFP::DGAT-2 (Fig. S2, I and J),
suggesting that a defect of the ER may not cause the mis-
regulated pattern of LD proteins and LET-767 may play distinct
roles in regulating the ER integrity and LD protein targeting.

LDs are wrapped by a PL monolayer. Altered LD PLs may
change the tension of the LD surface, thereby affecting the lo-
cation or dislocation of some LD proteins. Branched-chain and
long-chain fatty acids are critical substrates for biosynthesis of
PL. Inhibition of SCD/FAT-6 or ACS-1 disrupts the biosynthesis
of these lipids (Brock et al., 2007; Zhang et al., 2021). However,
although RNAi knockdown of either acs-1 or fat-6 led to small
LDs as we previously reported (Zhang et al., 2021), neither
knockdown affected the LD localization of DHS-3::GFP and GFP::
DGAT-2 (Fig. S2, K–P). Thus, these results further demonstrate
that it is the LET-767 protein itself, not altered fatty acids, that
determines the LD location of these LD proteins.

LET-767 antagonizes ATGL-1 to maintain lipid homeostasis for
LD protein targeting
To explore how LET-767 affected LD protein targeting and lipid
accumulation, we performed an RNA sequencing (RNA-Seq)
analysis between the Con worms and let-767RNAi worms. Dif-
ferentially expressed genes were enriched into pathways such as
lipid metabolism, intracellular transport, lysosome, and so on
(Table S3 and Fig. 5, A and B). As mentioned above, both the SCD
activity and the expression of FAT-6::GFP and FAT-7::GFP were
reduced in let-767RNAi worms (Fig. S2, D and E). Consistently,
RNA-Seq results and qPCR confirmed that the mRNA expression
of fat-6 and fat-7 was decreased in let-767RNAi worms (Fig. 5, B
and C). In contrast, the mRNA expression of genes involved in
COPI-dependent traffic, vesicle-mediated transport, autophagy,
lysosome, and lipolysis (fatty acid degradation and β-oxidation)
was upregulated in let-767RNAi worms compared with the Con
(Fig. 5, A, B, and D). These observations raised the question of
whether the dislocation of LD protein and reduced LD size under
LET-767 deficiency was due to the upregulation of the above
pathways, instead of downregulated lipogenesis.

Both lipophagy and lipolysis play critical roles in LD degra-
dation (Schott et al., 2019). As mentioned above, we observed
that RNAi reduction (Fig. 1 K) or genetic mutation (Fig. 2 J) of let-
767 led to increased lysosome size and number by Lyso tracker
staining. We further confirmed this phenomenon via another
lysosome marker LMP-1::mCherry (Table S1), which colocalized
with GFP::DGAT-2 under let-767RNAi treatment (Fig. S3 A),
suggesting that DGAT-2 was indeed misplaced to the lysosome
under this condition. Bafilomycin A1 is widely used to block
autophagosome–lysosome fusion and to inhibit lysosome

function (Mauvezin and Neufeld, 2015). Although application
of Bafilomycin A1 reduced the sizes and numbers of lysosomes
indicated by LMP-1::GFP (Table S1 and Fig. S3 B) and Lyso
tracker (Fig. S3 C) in let-767RNAi worms, it could not reverse
the location of GFP::DGAT-2 back to LDs (Fig. S3 C) or recover
the LD size (Fig. S3 D) in these worms. Therefore, these results
suggest that upregulated lysosome function may not contribute
to LET-767 deficiency–triggered LD protein displacement and
LD size reduction.

Next, we turned to examining the lipolysis pathway. atgl-1
encodes an ortholog of mammalian adipose triglyceride lipase,
and its expression was significantly increased in let-767RNAi
worms compared with the Con worms (Fig. 5, B and D). More-
over, the mRNA expression of atgl-1 was also upregulated in let-
767(gk552841) worms (Fig. 5 E). Consistently, RNAi knockdown
of let-767 significantly increased the fluorescence intensity and
protein level of ATGL-1::GFP (Table S1 and Fig. 5, F and G). More
importantly, let-767RNAi treatment apparently led to translo-
cation of ATGL-1::GFP to LDs (Fig. 5, H and I). On the other hand,
RNAi knockdown of atgl-1 significantly repressed the fluores-
cence intensity of ATGL-1::GFP and atgl-l mRNA (Fig. S3, E and
F), but had no effect on the fluorescence intensity, protein level,
and LD location of LET-767::GFP (Fig. S3, G–I). Taken together,
these results suggest an antagonistic role of LET-767 for the
expression and LD translocation of ATGL-1.

Next, we hypothesized that inhibition of activated lipolysis
might rescue the decreased LD size and lipid accumulation
caused by LET-767 deficiency. A previous report showed that
LID-1 (LD protein 1) binds to ATGL-1 to modulate lipolysis during
nutritional deprivation (Lee et al., 2014). The mRNA expression
of lid-1 was also significantly increased in let-767RNAi worms
(Fig. 5, B and D), similar to atgl-1 but to a lesser extent. However,
inactivation of LID-1 by RNAi or gene mutation (xd288) had no
effect on the LD size and lipid accumulation in let-767RNAi
worms (Fig. S3, J and K). In contrast, inactivation of ATGL-1 by
either RNAi or gene mutation (xd314) significantly increased the
LD size and lipid accumulation in both let-767RNAi and let-
767(gk553841) worms (Fig. 5, J and K). Remarkably, atgl-1RNAi
treatment could relocate DHS-3::GFP from the ER and GFP::
DGAT-2 from the lysosome back to LDs in the let-767RNAi
worms (Fig. 5, L–N). Taken together, these results suggest that
LET-767 actually antagonizes ATGL-1 to maintain lipid homeo-
stasis for LD protein targeting.

LET-767 interacts with ARF-1 for LD protein targeting
Given the observation that LET-767 deficiency–caused LD
translocation of ATGL-1 and inhibition of atgl-1 could reverse the
displacement of LD protein targeting, we thus investigated the
underlyingmechanism. We conducted an immunoprecipitation-
mass spectrometry (IP-MS) analysis using LET-767::GFP as bait
to identify its interacting proteins (Fig. S4 A). In total, 96 pro-
teins including LET-767 were pulled down (Table S4). As well-
known LD proteins, DHS-3, PLIN-1, and DGAT-2 were not
detected in the IP-MS of LET-767 (Table S4). One protein of
interest we noticed from our data is ARF-1 (Fig. S4 B), an or-
tholog of human ARF1/COPI involved in vesicular trafficking.
Previous reports in other organisms or systems have shown that

Fu et al. Journal of Cell Biology 8 of 18

LET-767 determines lipid droplet protein targeting https://doi.org/10.1083/jcb.202311024

https://doi.org/10.1083/jcb.202311024


Figure 5. LET-767 antagonizes ATGL-1 to regulate LD protein targeting and lipid homeostasis. (A) Kyoto Encyclopedia of Genes and Genomes pathway
enrichment analysis of WTworms treated with Con and let-767RNAi. The data was analyzed by DAVID v6.8. Blue columns indicate downregulation, and the red
columns indicate upregulation. DEG, differentially expressed genes. (B) Heat map of lipogenesis genes and lipolysis genes from A. (C and D) Relative mRNA
level of selected lipogenesis genes (C) and lipolysis genes (D). Data are presented as the mean ± SD of four biological repeats for each worm strain. Significant
difference between Con and let-767RNAi, *P < 0.5, ***P < 0.001 by two-tailed t test. (E) Relative mRNA level of atgl-1 in let-767(gk553841) mutant worm. Data
are presented as the mean ± SD of four biological repeats for each worm strain. Significant difference between WT and let-767(gk553841) worms, ***P < 0.001
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Arf1/COPI proteins localize to cellular LDs, are sufficient to bud
nano-LDs from cellular LDs, and are required for LD localization
of specific TAG-storage and catabolism enzymes, such as ATGL,
GPAT4, and DGAT2 (Beller et al., 2008; Ellong et al., 2011; Soni
et al., 2009; Wilfling et al., 2014). Our RNA-Seq results also
showed that LET-767 reduction activated the expression of
several genes involved in COPI-dependent traffic (Fig. 5 A and
Fig. S4 C). These observations raised the question of whether
Arf1/COPI, like ATGL-1, is involved in the disrupted LD protein
targeting and decreased lipid accumulation caused by LET-767
reduction.

To this end, we first examined six potential Arf/COPI genes
with available RNAi clones and found that RNAi knockdown of
arf-1 but not the others significantly increased the LD size of let-
767RNAi worms (Fig. S4, D and E) and also let-767(gk553841)
worms (Fig. 6, A and B). Compared with the WT (N2), deletion
(ok796) of arf-1 significantly restored the LD size and TAG con-
tent of let-767RNAi worms (Fig. 6, C–E), which displayed similar
phenotypes as atgl-1(xd314) (Fig. 5, J and K; and Fig. 6 E). Next, to
confirm the interaction between LET-767 and ARF-1, we gen-
erated a transgenic strain for the translational expression of
ARF-1::RFP (Table S1). The red fluorescence of ARF-1::RFP was
observed throughout the whole body of worms including the
head, intestine, and hypodermis (Fig. S4 F). RNAi knockdown of
arf-1 significantly reduced the fluorescence of ARF-1::RFP (Fig.
S4, G and H), suggesting the efficiency of the RNAi. Confocal
microscopy showed that, unlike LET-767::GFP, ARF-1::RFP did
not show colocalization with GFP::DGAT-2, DHS-3::GFP, and
LipidTOX (green) (Fig. S4 I), suggesting that ARF-1 may not lo-
calize to LDs in C. elegans. In contrast, ARF-1::RFP did overlap
with GFP::SP12 in the intestine (Fig. S4 J), suggesting the ER
localization of ARF-1. Compared with the Con, the fluorescence
level of ARF-1::RFP was significantly increased by let-767RNAi
(Fig. S5 A). On the other hand, arf-1RNAi did not affect the
fluorescence expression and LD location of LET-767::GFP (Fig.
S5, B–D), which is similar to the relationship between LET-767
and ATGL-1 (Fig. S3, G–I).

Confocal microscopy and Co-IP analysis consistently con-
firmed a colocalization between LET-767::GFP and ARF-1::RFP
(Fig. 6, F and G). Furthermore, we found that ARF-1 could in-
teract with either the transmembrane region (1–38 AA) or
KR+Adh region (39–316 AA) of LET-767 indicated by confocal

microscopy analysis (Fig. 6 F) and Co-IP analysis (Fig. 6 G). More
importantly, although RNAi knockdown of arf-1 did not affect
the LD targeting of GFP::DGAT-2 and DHS-3::GFP, it could re-
verse their misplacement from the lysosome and ER back to LDs,
respectively, in the let-767RNAi background (Fig. 6, H–K). Taken
together, these lines of evidence suggest that LET-767 interacts
with ARF-1 to ensure appropriate LD protein targeting.

LET-767 deficiency promotes ARF-1 to recruit ATGL-1 for LD
translocation
Since ARF-1 and ATGL-1 displayed similar phenomena under
LET-767 deficiency, it raised the question regarding their rela-
tionship. As mentioned above, let-767RNAi treatment led to the
LD translocation of ATGL-1::GFP (Fig. 5 H), and a similar effect
was observed with ARF-1::RFP as well (Fig. 7 A), suggesting that
both ARF-1 and ATGL-1 are recruited to LDs under LET-767 de-
ficiency. Therefore, we asked whether there is a direct inter-
action between ARF-1 and ATGL-1. Confocal microscopy analysis
revealed an obvious colocalization of ARF-1::RFP with ATGL-1::
GFP under let-767RNAi treatment (Fig. 7 B). Meanwhile, Co-IP
analysis using anti-GFP or anti-FLAG antibody consistently
showed a direct interaction between ATGL-1::GFP and ARF-1::
RFP, which was somewhat enhanced under let-767RNAi treat-
ment (Fig. 7 C).

Next, we examined whether the increased expression and LD
location of ATGL-1 were dependent on ARF-1. In the Con worms,
RNAi knockdown of arf-1 did not affect the expression of ATGL-
1::GFP; however, it did alleviate the increased fluorescence and
protein level of ATGL-1::GFP in let-767RNAi worms (Fig. 7, D and
E). More importantly, the LD translocation of ATGL-1::GFP in let-
767RNAi worms was remarkably reversed under arf-1RNAi
treatment (Fig. 7, F and G), suggesting that LET-767
deficiency–induced expression and LD relocation of ATGL-1 are
dependent on ARF-1. As Con, fat-6RNAi or acs-1RNAi, which had
no effect on LD targeting of DHS-3::GFP and GFP::DGAT-2 (Fig.
S2, H–M), did not affect the expression and location of ARF-1::
RFP and ATGL-1::GFP, although acs-1RNAi slightly repressed the
fluorescence intensity of ATGL-1::GFP (Fig. S5, E–H). Altogether,
these lines of evidence indicate that ARF-1 interacts with ATGL-
1 to facilitate their LD translocation, thereby preventing the LD
targeting of LD proteins such as DHS-3, PLIN-1, and DGAT-2,
when LET-767 is dysfunctional.

by two-tailed t test. (F) Fluorescence intensity (left) and quantification (right) of ATGL-1::GFP. Scale bar represents 100 μm. Images were taken by ZEISS Axio
Imager M2. (G) Top: Western blot analysis of ATGL-1::GFP using anti-GFP antibody. Bottom: Quantification of ATGL-1::GFP. Data were normalized to the
internal Con β-ACTIN. Data are presented as the mean ± SD of three biological repeats for each worm strain. Significant difference between Con and let-
767RNAi, ***P < 0.001 by two-tailed t test. (H) Localization of ATGL-1::GFP with respect to LDs stained by LipidTOX. White arrows indicate LD and yellow
arrows indicate the localization of ATGL-1::GFP on LDs. (I) Quantification of ATGL-1::GFP LD localization from H. (F and I) Statistical difference between Con
and let-767RNAi, ***P < 0.001 by two-tailed t test. (J) LipidTOX staining of LDs in fixed worms. White arrows indicate LDs. (K) Quantification of LD diameter
from J. Data are presented as mean ± SD of six representative animals for each worm strain. (L) Localization of GFP::DGAT-2 with respect to lysosome stained
by Lyso tracker. White arrows indicate LDs and yellow arrows indicate the localization of GFP::DGAT-2 on lysosome. (M) Quantification of GFP::DGAT-2 LD
localization from L. (K and M) Significant difference between WT and an indicated worm strain, ***P < 0.001, significant difference between two indicated
worm strains, ###P < 0.001, the P values are indicated by one-way ANOVA. (N) Left: Localization of DHS-3::GFP with respect to ER marked by mCherry::HDEL.
White arrows indicate LDs and yellow arrows indicate the localization of DHS-3::GFP on ER. Right: Intensity profiles of labeled scans from high-magnification
regions, N-1, N-2 and N-3, show the localization of DHS-3::mCherry found in left. n, the number of measured worms for each worm strain. All fluorescence
images were captured by high-resolution laser confocal microscopy (ZEISS, Carl LSM800), except F. For all of the represented animals, the anterior is on the
left and the posterior is on the right. The scale bar represents 1 μm in enlarged panels and 5 μm in others, respectively, unless specifically indicated. Source data
are available for this figure: SourceData F5.
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Figure 6. LET-767 interacts with ARF-1 to ensure proper LD protein targeting. (A and C) LipidTOX staining of LDs in fixed worms. (B and D) Quanti-
fication of LD diameter from A and C, respectively. Data are presented as the mean ± SD of six representative animals for each worm strain. (E) Lipid contents
were measured by TLC/GC and presented as % TAG in total lipids (TAG+PL). Data are presented as the mean ± SD of three biological repeats for each worm
strain. (F) Localization of ARF-1::RFP with LET-767::GFP truncations. Yellow arrows indicate the overlapped ARF-1::RFP with LET-767::GFP. (G) Co-IP showed
that ARF-1 interacts with LET-767 truncations detected by anti-FLAG or anti-GFP antibody. IB, immunoblot. (H) Localization of GFP::DGAT-2 with respect to LD
stained by Lyso tracker. White arrows indicate LDs and yellow arrows indicate the localization of GFP::DGAT-2 on lysosome. (I) Quantification of GFP::DGAT-
2 LD localization from H. n = 7 for each worm strain and presented as the mean ± SD. (J) Localization of DHS-3::GFP with respect to ER marked by mCherry::
HDEL. White arrows indicate LDs and yellow arrows indicate the localization of DHS-3::GFP on ER. (K) Quantification of DHS-3::GFP LD localization from
J. Significant difference between WT and an indicated worm strain, ***P < 0.001, significant difference between two indicated worms, ###P < 0.001, the P
values are indicated by one-way ANOVA. All fluorescence images were captured by high-resolution laser confocal microscopy (ZEISS, Carl LSM800). For all of
the represented animals, the anterior is on the left and the posterior is on the right. Scale bar represents 1 μm in enlarged panels and 5 μm in others, re-
spectively, unless specifically indicated. Source data are available for this figure: SourceData F6.
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Discussion
LDs play multiple important roles in cells. How proteins cor-
rectly target LDs is critical for maintaining LD functions. In this
study, taking advantage of a candidate screen in C. elegans, we
identified LET-767 as a novel regulator to determine LD protein
targeting and lipid homeostasis. We found that LET-767 is lo-
calized in both the ER and LDs and interacts with ARF-1 to
prevent ARF-1 LD translocation and recruitment of ATGL-1 to
maintain appropriate LD protein targeting and lipid homeosta-
sis. Dysfunction of LET-767 by both RNAi knockdown and gene
mutation consistently disrupted the LD targeting of LD marker
proteins DHS-3, PLIN-1, and DGAT-2, while reversely promoting
the LD translocation of ARF-1 and ATGL-1 for lipolysis, which
eventually led to reduced LD size and lipid accumulation (Fig. 8).

LET-767 is a homolog of 17β-HSD (Desnoyers et al., 2007).
Limited studies have reported that LET-767 is involved in
growth and development (Kuervers et al., 2003), tubulogenesis
and lumen formation (Zhang et al., 2011), and recently ER stress

(Garcia et al., 2023). LET-767 was present in two C. elegans LD
proteomes (Vrablik et al., 2015; Zhang et al., 2012), but whether
it is an LD protein has not yet been characterized. Our work
revealed that LET-767 locates in both the ER and LDs, which is
dependent on its N-terminus transmembrane region (1–38 AA).
GFP fluorescence and biochemical analysis demonstrated that
LET-767 is an LD protein, although it does not form typical ring
like LD markers DHS-3, PLIN-1, and DGAT-2. Dysfunction of
LET-767 disrupted LD protein targeting as well as reduced LD
size and lipid accumulation. Thus, our work uncovers an un-
characterized role of LET-767 in LD biology.

Thus far, two major and distinct pathways, CYTOLD and
ERTOLD, for proteins targeting LDs have been unraveled (Olarte
et al., 2022). LET-767::GFP is not only detected in LDs but also in
other intracellular fractions including colocalization with the ER
markers mCherry::HEDL, suggesting that LET-767 may be a ER-
to-LD protein. Deletion of the transmembrane region (1–38 AA)
in LET-767 affects its ability to localize to both LDs and the ER.

Figure 7. ARF-1 recruits ATGL-1 for their LD translocation. (A) Left: Localization of ARF-1::RFP with respect to LDs stained by LipidTOX (green). White
arrows indicate LDs and yellow arrows indicate the localization of ARF-1::RFP on LDs. Right: Quantification of the colocalization of ARF-1::RFP with LipidTOX
(green). (B) Left: Colocalization of ATGL-1::GFP with ARF-1::RFP, indicated by yellow arrows. Right: Quantification of the colocalization of ATGL-1::GFP and
ARF-1::RFP. (A and B) Significant difference between Con and let-767RNAi, ***P < 0.001 by two-tailed t test. (C) Co-IP showed that ARF-1 directly interacts
with ATGL-1 detected by anti-FLAG or anti-GFP antibody. IB, immunoblot. Blue arrow indicates the target band. (D) Fluorescence intensity (left) and
quantification (right) of ATGL-1::GFP. Scale bar represents 100 μm. Images were taken by ZEISS Axio Imager M2. (E)Western blot of ATGL-1::GFP detected by
anti-GFP antibody and its quantification by normalization to the internalized Con β-ACTIN. Data are presented from two biological repeats for each worm
strain. (F) Localization of ATGL-1::GFP with respect to LDs stained by LipidTOX.White arrows indicate LDs and yellow arrows indicate the localization of ATGL-
1::GFP on LDs. (G) Quantification of ATGL-1::GFP LD localization from F. (D and G) Significant difference between Con and RNAi, ***P < 0.001, significant
difference between two indicated worm strains, ##P < 0.01, ###P < 0.001, the P values are indicated by one-way ANOVA. Data are presented as the mean ± SD,
n, the number of measured worms for each worm strain. All fluorescence images were captured by high-resolution laser confocal microscopy (ZEISS, Carl
LSM800), except D. For all of the represented animals, the anterior is on the left and the posterior is on the right, except A is the opposite. Scale bar represents
1 μm in enlarged panels and 5 μm in others, respectively, unless specifically indicated. Source data are available for this figure: SourceData F7.
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How LET-767 localizes in the ER and is translocated to LDs, and
whether it acts like other known ER-to-LD proteins, needs fur-
ther investigation. In mammalian systems, DGAT-2 (Stone et al.,
2006) and ATGL (Smirnova et al., 2006) are classified into ER-
TOLD pathway proteins, while perilipins (Rowe et al., 2016) are
CYTOLD-targeting proteins. In C. elegans, DHS-3 (Zhang et al.,
2012), PLIN-1 (Na et al., 2015), and DGAT-2 (Xu et al., 2012) are
reported as LD proteins, though the N-terminus of DHS-3 de-
termines its LD association (Liu et al., 2018), but how they target
LDs is unknown. Deficiency of LET-767 led to the dislocation of
DHS-3::GFP/DHS-3::mCherry and PLIN-1::mCherry to the ER,
and GFP::DGAT-2 to the lysosome, instead of in LDs. Thus, LET-
767 is necessary for appropriate LD targeting of DHS-3, PLIN-1,
and DGAT-2 no matter whether they transit via the ERTOLD or
CYTOLD pathway.

Vesicle-associated membrane protein-associated protein was
found in a primary adipocyte LD-associated proteome (Ding
et al., 2012). Arf1/COPI proteins are required for LD localiza-
tion of some proteins such as ATGL, GPAT4, and DGAT2 (Beller
et al., 2008; Ellong et al., 2011; Soni et al., 2009; Wilfling et al.,
2014). Although deficiency of ARF-1 alone in C. elegans did not
affect DHS-3, PLIN-1, and DGAT-2 targeting LDs, ARF-1 could
recruit and interact with ATGL-1 for their LD translocationwhen
LET-767 was dysfunctional, suggesting a conserved role of ARF-
1 regulating ATGL-1 LD localization, in spite of its dependence on
LET-767 deficiency. On the other hand, interestingly, inactiva-
tion of LET-767 disrupted the LD targeting of DHS-3, PLIN-1, and
DGAT-2, but oppositely promoted the expression and the LD
translocation of ARF-1. Moreover, inhibition of ARF-1 could re-
verse LET-767 deficiency caused LD displacement of DHS-3,
PLIN-1, and DGAT-2. Thus, the increased expression and LD
location of ARF-1 triggered by LET-767 deficiency may actually
function to prevent the LD localization of DHS-3, PLIN-1, and
DGAT-2, which is distinguished from the well-characterized role
of Arf1/COPI for LD localization of GPAT4 and DGAT2 in other
systems (Beller et al., 2008; Ellong et al., 2011; Soni et al., 2009;

Wilfling et al., 2014). Therefore, Arf1/COPI may play dual roles
in a context-dependent manner regulating LD protein targeting.
Interestingly, a recent report also showed that either inactivated
yArf1 or hyperactive yArf1 could induce LD formation and TAG
accumulation (Enkler et al., 2023).

Arf1/COPI was reported to promote the formation of ER-LD
membrane bridges for LD translocation of some LD proteins
(Wilfling et al., 2014). However, we observed that ARF-1 is
mostly expressed in the ER, but is not present in LDs under
normal conditions in C. elegans. Moreover, deficiency of ARF-1 in
C. elegans did not affect DHS-3, PLIN-1, and DGAT-2 targeting
LDs, implying that ARF-1 may not directly be involved in the
ER-LD bridge for DHS-3, PLIN-1, and DGAT-2 targeting to LDs
in C. elegans. Given that the location of LET-767 is in both the
ER and LDs, whether LET-767 plays a role in mediating the ER
and LD contact or bridge for the LD translocation of LD pro-
teins, at least for DHS-3, PLIN-1, and DGAT-2, needs to be
further investigated.

Materials and methods
C. elegans strains and maintenance, RNAi
Unless specifically indicated, worms were maintained on NGM
(nematode growth medium) plates seeded with E. coli HT115,
which is the host strain for RNAi interference at 20°C. Strains
were obtained from the Caenorhabditis Genetic Center or kindly
provided by the Xun Huang lab (Institute of Genetics and De-
velopmental Biology, Beijing, China), Pingsheng Liu lab (Insti-
tute of Biophysics, Beijing, China), Ho Yi Mak lab (Hong Kong
University of Science and Technology, Hong Kong), Jennifer L.
Watts lab, Xiaochen Wang lab (Institute of Biophysics, Beijing,
China), and Chonglin Yang lab (Yunnan University, Kunming,
China). Strains used in this study are listed in Table S1. For
construction of transgenic worms, constructed plasmids were
injected into EG4322 (ttTi5605; unc-119[ed9]) following the MOS
(Minos 1) protocol (Frøkjaer-Jensen et al., 2008).

Figure 8. A working model of LET-767 re-
quired for LD protein targeting. Under normal
condition (left panel), LET-767 presents in the ER
and LDs, where it interacts with ARF-1 to pre-
vent ARF-1 LD translocation and recruitment of
ATGL-1, thereby maintaining appropriate lipid
homeostasis and LD translocation of LD proteins
DHS-3, PLIN-1, and DGAT-2. Under LET-767 de-
ficiency (right panel), ARF-1 is released, and it
recruits ATGL-1 to the LDs for lipolysis, which
may reversely inhibit the targeting of DHS-3,
PLIN-1, DGAT-2 to the LDs. LET-767 deficiency
also alters ER morphology.
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Transgenic worms were constructed by homologous recom-
bination. LET-767::GFP worms were generated by fusing let-
767p::let-767 (2.25 kb promoter and full length of let-767), gfp
(amplified from pPD95.77), and linearized pCFJ151 (amplified
from pCFJ151, kindly provided by Shouhong Guang lab). LET-
767(1-38)::GFP worms were generated by fusing let-767p::let-
767(1-38) (2.25 kb promoter and 1–38 AA of let-767), gfp, and
linearized pCFJ151. LET-767(39-316)::GFP worms were generated
by fusing let-767p (2.25 kb promoter of let-767), let-767(39-316)
(39–316 AA of let-767), gfp, and linearized pCFJ151. ARF-1::RFP
worms were generated by fusing arf-1p::arf-1, flag::rfp (amplified
from Lenti V2-FLAG-RFP) and linearized pCFJ151. The following
primers were used for amplification of indicated fragments for
homologous recombination: 59-GGATATCTGGATCCACGAACA
AGCACTGAACACCACGAGC-39 and 59-GTCGACCTGCAGGCA
TGCAACTGAGATTTGGCTTCTCTTCC-39 (let-767p::let-767), 59-
GGATATCTGGATCCACGAACAAGCACTGAACACCACGAGC-39
and 59-GTCGACCTGCAGGCATGCAATGGCGACAGAAGAACG
TA-39 (let-767p::let7-67[1-38]), 59-GGATATCTGGATCCACGAA
CAAGCACTGAACACCACGAGC-39 and 59-CATGTTACCTGGAA
TTTACAG-39 (let-767p), 59-CTGTAAATTCCAGGTAACATGGA
TTTGAAGAAAAGAGCTGGA-39 and 59-TTCTAGATGGATCTA
GTGGTC-39 (let-767[39-316]), 59-TTGCATGCCTGCAGGTCGAC-39
and 59-CCAGAGCTCACCTAGGTATCTGCCGACTAGTAGGAAACA
GT-39 (gfp), 59-AGATACCTAGGTGAGCTCTGG-39 and 59-TTCGTG
GATCCAGATATCC-39 (linearized pCFJ151), 59-GGATATCTGGAT
CCACGAAGTCTGACGAAGAAGATGACC-39 and 59-CGTCATGGT
CTTTGTAGTCAGATCTATTCTTGAGCTGGTTG-39 (arf-1p::arf-1),
and 59-GACTACAAAGACCATGACGGTGATTATAAAGATCATGA
CATCGATTACAAGGATGACGATGACAAGATGGCCTCCTCCGAG
GACG-39 and 59-TTAGGCGCCGGTGGAGTG-39 (flag::rfp).

Feeding RNAi was performed using E. coli HT115 carrying the
L4440 plasmid as empty vector Con or double-stranded RNA–
expressing plasmids targeting the genes of interest. RNAi bac-
teria were cultured overnight at 37°C in Luria-Bertani containing
100 μg/ml ampicillin and then seeded onto the NGM plates
supplemented with 100 μg/ml ampicillin and 1 mM isopropyl
β-D-thiogalactopyranoside.

Nile Red and LipidTOX staining of fixed worms
Nile Red and LipidTOX (red, green) were used as the fluorescent
dyes for staining of neutral lipids. Staining of fixed worms was
conducted as previously described (Wu et al., 2018). Briefly,
around 1,000 young adult worms (1 day old) were collected and
fixed with 10% paraformaldehyde. After three freeze–thaw cy-
cles, LDs within the worm cells were stained with 2 μl Nile Red
(0.5 mg/ml, N1142; Invitrogen) or LipidTOX solution (1:4,000,
H34475, H34476; Life Technologies) for 60 min at room tem-
perature. Worms were washed three times with M9 buffer and
mounted onto 2% agarose pads for microscopic observation and
photography. The images were captured via the ZEISS Axio
Imager M2 fluorescence microscope (Carl ZEISS) equipped with
an Axiocam 506 mono camera and controlled by ZEN 3.0 soft-
ware or a high-resolution laser confocal microscope (LSM800;
Carl ZEISS) with a Plan-Apochromat 63×/1.4 Oil DIC (differential
interference contrast microscope) objective and PMT (photo-
multiplier) and GaAsP detectors by identical settings unless

specifically indicated, which were used to measure the diameter
of the LDs in the posterior of the intestine with ZEISS3.0 lite
standard software (ZEISS, Germany). Three or four biological
repeats were performed. In each biological repeat, >100 indi-
vidual worms were observed for phenotype determination, and
six representative worms were measured for the mean diameter
of LDs in each worm strain.

Bafilomycin A1 treatment and Lyso tracker staining
Synchronized L1 worms were cultured to early L4, and then the
Bafilomycin A1 (CAS#: 88899-55-2; MCE) was supplemented to
the plates at a final concentration 40 μM (diluent with M9 so-
lution). After incubating at least 12 h to young adults, worms
were stained for 3 h via Lyso tracker (Red DND-99, L7528; In-
vitrogen; LysoTracker) in the cultured plates at 1:500 dilutions
(diluent with M9 solution). Finally, worms were washed two
times with M9 buffer and mounted onto 2% agarose pads
for microscopic observation and photography with a high-
resolution laser confocal microscope (LSM800; Carl ZEISS)
with a Plan-Apochromat 63×/1.4 Oil DIC objective and PMT and
GaAsP detectors. Image processing was performed with ZEN
software, black edition (Carl Zeiss), and the images were ana-
lyzed using ZEN 3.0 software (Carl Zeiss).

Analysis of TAG
The extraction, separation, and analysis of worm lipids were
performed as described before (Wu et al., 2018). In general,
about 40,000 young adult worms were harvested for total lipid
extraction, the extracted lipid samples were loaded in triplicate
on Thin-Layer Chromatography (TLC) Silica gel 60G 25 Glass-
plates (HX16244921; Supelco), and then developed to the top of
the plate in the solvent system hexane: diethyl ether: acetic acid
(80:20:2). Individual TAG and PL bands were then scraped off
from the TLC plates with 1 ml of MeOH + 2.5% H2SO4 added for
methylation., Finally, fatty acids were analyzed with an Agilent
7890A gas chromatograph (GC). The content of TAG or PL was
determined by counting the fatty acids from each sample and
was shown as the percentage of TAG in total lipids (TAG + PL).
Three or four biological replicates were performed for TLC
analysis.

Analysis of fatty acid compositions
Approximately 2,000 young adults were harvested for fatty acid
extraction and analysis. To extract fatty acids and form methyl
esters, 1 ml of MeOH + 2.5% H2SO4 was added to the harvested
worms. They were then heated for 2 h at 70°C. Determination of
the fatty acids was done with an Agilent 7890A GC (Zhang et al.,
2021). Four biological replicates were performed for GC analysis.

Dietary supplementation of fatty acids
C18:1(n-9) (CDDE-U-46-A; ANPEL) was supplemented into worm
growth media plates at a final concentration 0.2 mM, and C17iso
(11-1615; Larodan) was dissolved in 100% DMSO and mixed with
cultured bacteria to 1 mM working concentration. The mixtures
were spotted onto plates for culturing worms. Experimental
and Con plates for a given assay were prepared with DMSO-
supplemented bacterial food (Zhang et al., 2021).
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mRNA isolation and qPCR
Synchronized young adult worms were harvested in RNAiso
plus (9109; Takara), as previously described (Wu et al., 2018),
after being crushed by a syringe and extracting the total RNA
sequentially with chloroform and isopropanol, dissolved in di-
ethyl pyrocarbonate–treated water. Then they were reversely
transcribed to cDNA using the PrimeScript RT reagent kit
(RR047A; Takara Bio, Inc.). mRNA levels were quantified in four
biological replicates using SYBR Green Master Mix (Applied
Biosystems) following manufacturers’ standard protocol on a
real-time PCR instrument 7900HT (ABI).

The following primers were used to detect the mRNAs level
of indicated genes: 59-TTTCACAAATGGGAGGAGGC-39 and 59-
GTCCACCCCAAAGCCAATC-39 (tbb-2), 59-TCATGGATCCACAAG
TTCGAC-39 and 59- TACAGTATCTGGGTCTTGTG-39 (fasn-1), 59-
CGATTTGTACGAGGATCCGGTG-39 and 59- CAGTGGGAGACA
CTGTTGATGC-39 (fat-5), 59-TCTACCAGCTCATCTTCGAGGC-39
and 59-GATCACGAGCCCATTCGATGAC-39 (fat-6), 59-GGAAGG
AGACAGCATTCATTGCG-39 and 59-GTCTTGTGGGAATGTGTG
GTGG-39 (fat-7), 59-ACGTTCTTCTGTCGCCAATCG-39 and 59-
AGGAGCAGCGTTGGTGAAGTCG-39 (let-767), 59-CTCCATGCA
TACGTTGTCTC-39 and 59-CCTCGAGTGGAATATCACTG-39 (atgl-
1), 59-CAAAGTTTGGCGGACACAGC-39 and 59-CAGGGAGGCAAC
TGGCAC-39 (hosl-1), 59-TGAATTGGATGACATTCACG-39 and 59-
CTATTGCTTCGCCGTTTAGG-39 (lid-1), and 59-GATTGCCGATGT
TGAGATGT-39 and 59-TGCTTTACGGAGGAGTTGG-39 (cpt-1).
The relative abundance of mRNA transcripts was determined
using the ΔΔCt method and tbb-2 was used as a reference gene.

Isolation of LDs
About 2.0 × 105 young adult worms were harvested inM9 buffer
and washed three times with double distilled water (ddH2O) on
ice. Worms were then washed twice with buffer A (25 mM
Tricine, pH 7.6, 250 mM sucrose, and 0.2 mM phenyl-
methylsulfonyl fluoride) and resuspended in 5 ml buffer A. The
worms were homogenized by dounce with protease inhibitor
cocktail (P8340; Sigma-Aldrich) and phenylmethylsulfonyl
fluoride on ice. 1.5 ml of the supernatant fraction (PNS) was
transferred to a 2 ml EP tube. 0.5 ml buffer B (20 mMHEPES, pH
7.4, 100 mM KCl, and 2 mMMgCl2) was carefully added on top of
the supernatant. The tube was then centrifuged at 10,000 g for
60min at 4°C to allow the LDs to float to the top layer (Zhang et al.,
2012). The LD fractionwas carefully collected from the top layer of
the gradient and washed with 200 μl buffer B three times at
10,000 g for 5 min at 4°C. 2 μl of the LD fraction was diluted
10 timeswith buffer B and stainedwith LipidTOX for 20min, then
observed and captured by a high-resolution laser confocal mi-
croscopic (LSM800; Carl ZEISS) with a Plan-Apochromat 63×/1.4
Oil DIC objective and PMT and GaAsP detectors.

Western blot analysis
Young adult worms were collected in M9 buffer and quickly
washed several times on ice, then quickly frozen with liquid
nitrogen and stored at −80°C for later use. Each worm sample
was lysed and homogenized in moderate high-salt radioimmu-
noprecipitation assay (RIPA) at 4°C. The homogenates were then
centrifuged at 15,000 g for 10 min and the supernatant was used

to determine the total protein concentration using the bicin-
choninic acid assay (23225; Thermo Fisher Scientific). Lysates
were diluted in 2× SDS sample buffer (100 mM Tris-HCl
[pH6.8], 20% glycerin, 4% SDS, 0.2% bromophenol blue, 3%
DTT) containing β-mercaptoethanol and boiled at 95°C for
5 min. For the LD protein isolation, the LD fraction was pre-
cipitated using 100% acetone, the proteins were collected by
centrifugation at 13,000 g for 10 min. Then protein pellets were
dissolved in 2× SDS sample buffer and boiled at 95°C for 5 min
(Zhang et al., 2012). The proteins were separated by 10% SDS-
PAGE gel and then transferred to polyvinylidene difluoride
membranes at 0.25 A for 100min on ice. The primary antibodies
were rabbit anti-GFP antibody (ab6556; Abcam), rabbit anti-RFP
antibody (ab62341; Abcam), mouse anti-FLAG antibody (F3165;
Sigma-Aldrich), and rabbit anti-DHS-3 antibody (provided by
Pingsheng Liu’s lab) at 1:1,000 dilutions, and mouse anti-BIP
antibody (66574-1-LG; Proteintech) and mouse anti-ACTIN-β
(A5441; Sigma-Aldrich) at 1:2,500 dilutions. The secondary
antibodies were goat anti-rabbit (31460; Invitrogen) and goat
anti-mouse IgG (A24512; Thermo Fisher Scientific) at 1:5,000
dilutions. Images were captured with SageCapture (Sage), and
analyzed by LANE 1D (Sage).

Fluorescence visualization
At least 200 GFP or RFP young adult worms weremounted on an
agarose pad and anesthetized with 10 mM sodium azide. GFP or
RFP fluorescence was visualized under a fluorescence micro-
scope (BX53; Olympus) equipped with a CCD (DP74; Olympus)
camera using cellSens standard software (version 4.1; Olympus)
or ZEISS Axio Imager M2 (Carl ZEISS) equipped with a Axiocam
506 mono camera and controlled by ZEN 3.0 software (Carl
Zeiss). Fluorescence reporter expression was quantified using
ImageJ 1.53c. At least 10 worms were used for each biological
sample. For the observation of subcellular structure, the worms
with GFP, RFP, and mCherry were imaged by high-resolution
laser confocal microscopy (LSM800; Carl ZEISS) with identical
settings unless specifically indicated. Images were acquiredwith
a Plan-Apochromat 63×/1.4 Oil DIC objective and PMT and
GaAsP detectors. Images were processed and analyzed with ZEN
3.0 software, blue edition (Carl Zeiss). Images were taken from
similar regions in the middle of intestine in young adult worms,
unless specifically indicated.

Worms for RNA-Seq
About 40,000 synchronized L1 worms were transferred onto
NGM plates seeded with the Con or the let-767RNAi bacteria.
Once worms reached the L4 larval stage, the animals were col-
lected, washed, and immediately frozen in liquid nitrogen for
later use. Total RNA was extracted using RNAiso Plus. Subse-
quently, the following work was done by the Novogene Com-
pany. Generally, RNA quality was assessed by determining its
RNA integrity number. A total amount of 1.5 μg RNA per sample
was used as input material for the RNA sample preparations.
Sequencing libraries were generated using NEBNextUltraTM
RNA Library Prep Kit for Illumina (NEB) following the manu-
facturer’s recommendations, and index codes were added to
attribute sequences to each sample.
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Co-IP analysis and IP-MS analysis
The lysates of transgenic worms were prepared using RIPA lysis
buffer (P0013; Beyotime) containing protease inhibitor cocktail
and phenylmethylsulfonyl fluoride. The worm lysates were
centrifuged at 13,000 g for 10 min at 4°C. IP was performed by
adding primary rabbit anti-RFP antibody (ab62314; Abcam),
mouse anti-FLAG antibody (F3165; Sigma-Aldrich), or rabbit
anti-GFP antibody (ab290; Abcam) to the worm lysates and then
rocking overnight at 4°C. The immunoprecipitated samples were
paired with the species-matched mouse IgG (12-371; Sigma-
Aldrich) or rabbit IgG (ab172730; Abcam) as a negative Con. The
worm lysates then were incubated with protein G agarose
(20398; Thermo Fisher Scientific) to bind murine primary an-
tibody or protein A agarose (ab193255; Abcam) to bind rabbit
primary antibody and rocked for 6 h at 4°C. After washing four
times with the washing buffer (50 mM Tris-HCl [pH 7.4],
150 mM NaCl, 0.5% NP-40, 1 mM EDTA, 0.25% sodium deoxy-
cholate, ddH2O), the immunoprecipitate was resuspended in a
2× SDS sample buffer and boiled at 95°C for 5 min for later
western blot analysis or IP-MS analysis. Identification of protein
adhesive strip by MS (Novogene Company).

Quantification and statistical analysis
Data are presented as the means ± SD unless specifically indi-
cated; error bars in figures represent SD for at least triplicate
experiments. Statistical analysis was performed by Student’s
t test for comparison between the means of two groups or by a
one-way analysis of variance (ANOVA) with more than two
groups. For all quantifications, the P values are represented for
each statistical test, where *P < 0.05, **P < 0.01, ***P < 0.001, #P <
0.05, ##P < 0.01, ###P < 0.001, and ns for no significance. All
figures were generated using GraphPad Prism 6 (GraphPad
Software) and Photoshop CS5.

Online supplemental material
Fig. S1 shows the identification of let-767 mutations and LET-
767::GFP expression. Fig. S2 shows that RNAi reduction of fat-6
or acs-1 did not affect LD protein targeting. Fig. S3 shows that
LET-767 deficiency–caused LD protein displacement was not due
to activated lysosome. Fig. S4 shows LET-767::GFP IP-MS and
ARF-1::RFP expression. Fig. S5 shows that RNAi reduction of fat-
6 and acs-1 did not affect the localization of ARF-1::RFP and
ATGL-1::GFP. Table S1 lists the worm strains used in this study.
Table S2 shows the 51 candidate genes. Table S3 shows the RNA-
Seq analysis of WT;let-767RNAi via pathway enrichment. Table
S4 lists proteins interacting with LET-767 detected by IP-MS.

Data availability
The data that support the findings of this study are available
from the corresponding authors upon reasonable request.
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Supplemental material

Figure S1. Identification of let-767 mutations and LET-767::GFP expression. (A) The structure diagram of the let-767 gene. Genetic variants are listed on
the panel and also in Table S1. Scale bar represents 50 bp. (B and C) Nile Red staining (B) and LipidTOX staining (C) of LDs in fixed worms, cultivated on E. coli
HT115 or OP50, respectively. The scale bar represents 10 µm. (D and E) Quantification of LD diameters from C. Data are presented as the mean ± SD of six
representative animals for each worm strain. (F) Fluorescence microscopy of LET-767::GFP. The scale bar represents 100 μm for top panel, and 50 μm for
bottom panel. I and H indicate intestine and hypodermis, respectively. (G) Fluorescence intensity and quantification of LET-767::GFP and GFP::TRAM-1 in
indicated worms. The scale bar represents 100 μm. n, the number of measured worms for each worm strain. (H) Relative mRNA level of let-767 by qPCR
analysis. Data are presented as the mean ± SD of three biological repeats for each worm strain. (I) Top: Western blot analysis of LET-767::GFP using anti-GFP
antibody. Bottom: The relative protein level of LET-767::GFP normalized by β-ACTIN as an internal Con. Data are presented as the mean ± SD of three biological
repeats for each worm strain. Significant difference between two indicated worms or between Con and a specific RNAi treatment, ***P < 0.001 by two-tailed
t test. For all representative animals, anterior is left and posterior is right. Images in C were taken by confocal microscopy (ZEISS, Carl LSM800), while B, F, and
G were taken by ZEISS Axio Imager M2 microscopy. Source data are available for this figure: SourceData FS1.
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Figure S2. RNAi reduction of fat-6 or acs-1 did not affect LD protein targeting. (A) Schematic diagram of LET-767 in the biosynthesis of monomethyl-
branched chain fatty acids (mmBCFAs) and unsaturated fatty acids (UFAs) in C. elegans. SFA, saturated fatty acid; PUFAs, polyunsaturated fatty acids; SL,
sphingolipids. (B) Percentage of the C16:0, C16:1, C15iso, C17iso, C18:0, and C18:1(n-9) in total fatty acids. (C) SCD activity indicated by the ratio of C18:1(n-9)/
C18:0. (B and C) Data are presented as the mean ± SD of four biological repeats for each worm strain. (D and E) Fluorescence intensity (D) and quantification
(E) of FAT-5::GFP, FAT-6::GFP, and FAT-7:: GFP. The scale bar represents 20 μm. Data are presented as the mean ± SD. n, the number of measured worms for
each worm strain. Images were taken by OLYMPUS BX53 microscopy. (F) Visualization of LDs by LipidTOX staining and LDmarker GFP::DGAT-2. White arrows
indicate LDs. (G) Quantification of LD diameter from F. Data are presented as the mean ± SD of six representative animals for each worm strain. (H) Rep-
resentative images of the ER morphology indicated by mCherry::HDEL. White arrows indicated the aggregation of the ER. (I and J) Localization of DHS-3::GFP
and GFP::DGAT-2 with respect to LDs. LDs stained by LipidTOX Red (I), and lysosome was stained by Lyso tracker (J). White arrows indicate LDs. (K) Lo-
calization of DHS-3::GFP with respect to LDs stained by LipidTOX. White arrows indicate the localization of DHS-3::GFP on LDs. (L) Localization of DHS-3::GFP
with respect to ER marked by mCherry::HDEL. White arrows indicate the localization of DHS-3::GFP on LDs. The scale bar represents 5 µm. (M) Intensity
profiles of labeled scans from high-magnification regions, L-1, L-2, and L-3, show the localization of DHS-3::GFP with mCherry::HDEL found in L. (N) Lo-
calization of GFP::DGAT-2 on LDs. Lysosome was stained by Lyso tracker. White arrows indicate LDs. (O) Intensity profiles of labeled scans from high-
magnification regions, N-1, N-2, and N-3, show the localization of GFP::DGAT-2 with Lyso tracker found in N. (P) Localization of GFP::DGAT-2 with respect to
LDs stained by LipidTOX.White arrows indicate the localization of GFP::DGAT-2 on LDs. Significant difference between Con and RNAi, ***P < 0.001, significant
difference between two indicated worms, ##P < 0.01, ###P < 0.001, the P values are indicated by two-tailed t test (E) and one-way ANOVA (B, C, and G). All
fluorescence images were captured by high-resolution laser confocal microscopy (ZEISS, Carl LSM800), except D. For all of the represented animals, the
anterior is on the left and the posterior is on the right. Scale bar represents 1 μm in enlarged panels and 5 μm in others, respectively, unless specifically
indicated.
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Figure S3. LET-767 deficiency–caused LD protein displacement was not due to activated lysosome. (A) Localization of GFP::DGAT-2 with respect to
lysosome marked by LMP-1::mCherry. White arrows and yellow arrows indicate the localization of GFP::DGAT-2 on LDs and lysosome, respectively. (B) Vi-
sualization of the lysosome marker by LMP-1::GFP treated with 40 μM Bafilomycin A1 (Baf). Red arrows indicate lysosome. (C) Localization of GFP::DGAT-2
with respect to lysosome stained by Lyso tracker. White arrows indicate the localization of GFP::DGAT-2 on LDs, and yellow arrows indicate the localization of
GFP::DGAT-2 on lysosome. (D) LipidTOX staining of LDs in fixed worms with/without Baf treatment. White arrows indicate LDs. (E) Relative mRNA level of
atgl-1 by qPCR analysis. (F and G) Fluorescence intensity (left) and quantification (right) of ATGL-1::GFP (F) and LET-767::GFP (G), respectively. Scale bar
represents 100 μm. Data are presented as the mean ± SD. n, the number of measured worms for each worm strain. (H) Left: Western blot analysis of LET-767::
GFP using anti-GFP antibody. Right: Quantification of LET-767::GFP normalized by β-ACTIN as an internal Con. (E and H) Data are presented as the mean ± SD
of three biological repeats for each worm strain. (I) Localization of LET-767::GFP to LDs stained by LipidTOX. White arrows indicate LET-767::GFP on LDs.
(J and K) LipidTOX staining (J) and quantification (K) of LDs in fixed worms. Data are presented as the mean ± SD of six representative animals for each worm
strain. Significant difference between Con and an indicated RNAi or between WT and mutant, **P < 0.01, ***P < 0.001. ns, no significance. The P values are
indicated by two-tailed t-test (E–H) and one-way ANOVA (K). All fluorescence images were captured by high-resolution laser confocal microscopy (ZEISS, Carl
LSM800), except F and G taken by ZEISS Axio Imager M2 microscopy. Scale bar represents 1 μm in enlarged panels and 5 μm in others, respectively, unless
specifically indicated. Source data are available for this figure: SourceData FS3.
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Figure S4. LET-767::GFP IP-MS and ARF-1::RFP expression. (A) Identification of LET-767::GFP interaction partners for MS via SDS-PAGE silver staining.
(B) List of several LET-767 interacting proteins from IP-MS data. (C) Heat map of genes involved in COPI/vesicle-mediated transport pathway from RNA-Seq
data. (D) Nile Red staining (taken by ZEISS Axio Imager M2 microscopy) and LipidTOX staining (taken by high-resolution laser confocal microscopy ZEISS
LSM800) of LDs in fixed worms. Scale bar represents 10 μm. (E) Quantification of LD diameters from D. Data are presented as the mean ± SD of six rep-
resentative animals for each worm strain. (F) Confocal microscopy of ARF-1::RFP. Scale bar represents 100 μm on the top panel, 20 μm for the left panel, and
10 μm for right panel. I, intestine; H, hypodermis. (G and H) Fluorescence intensity (G) and quantification (H) of ARF-1::RFP. Scale bar represents 200 μm.
Images were taken by ZEISS Axio Imager M2 microscopy. Data are presented as the mean ± SD. n, the number of measured worms for each worm strain.
(I) Localization of ARF-1::RFP with respect to LD marker GFP::DGAT-2, DHS-3::GFP, and LipidTOX staining LDs. Scale bars in merged and enlarged panels
represent 5 and 1 μm, respectively. White arrows indicate LDs. (J) Localization of ARF-1::RFP with respect to GFP::SP12. Scale bars in merged and enlarged
panels represent 5 and 1 μm, respectively. Yellow arrow indicates overlapped ARF-1::RFP with GFP::SP12. Significant difference between Con and a specific
RNAi, ***P < 0.001, significant difference between two indicated worm strains, ###P < 0.001. ns, no significance; the P values are indicated by two-tailed t test
(H) and one-way ANOVA (E). Images in F, I, and J were taken by high-resolution laser confocal microscopy (ZEISS, Carl LSM800). Source data are available for
this figure: SourceData FS4.
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Provided online are four tables. Table S1 shows experimental models: organisms/strains. Table S2 shows the 51 candidate genes.
Table S3 shows the RNA-Seq analysis of WT;let-767RNAi via pathway enrichment. Table S4 lists proteins interacting with LET-767
detected by IP-MS.

Figure S5. RNAi reduction of fat-6 and acs-1 did not affect the localization of ARF-1::RFP and ATGL-1::GFP. (A) Fluorescence intensity (left) and
quantification (right) of ARF-1::RFP in Con and let-767RNAi. Scale bar represents 100 μm. (B and C) Fluorescence intensity (B) and quantification (C) of LET-
767::GFP in Con and arf-1RNAi. Scale bar represents 100 μm. (D) Localization of LET-767::GFP on LDs stained by LipidTOX. White arrows indicate LDs and
yellow arrows indicate the localization of LET-767::GFP on LDs. (E) Fluorescence intensity (left) and quantification (right) of ATGL-1::GFP. The scale bar
represents 100 μm. (F) Localization of ATGL-1::GFP with respect to LDs stained by LipidTOX. White arrows indicate the localization of ATGL-1::GFP on LDs.
(G) Fluorescence intensity (left) and quantification (right) of ARF-1::RFP. Scale bar represents 100 μm. (H) Localization of ARF-1::RFP with respect to LDs
stained by LipidTOX (green). White arrows indicate LipidTOX (green) -stained LDs. Data are presented as the mean ± SD. n, the number of measured worms for
each worm strain. Significant difference between Con and a specific RNAi, ***P < 0.001, ns, no significance, the P values are indicated by two-tailed t test (A
and C) and one-way ANOVA (E and G). All fluorescence images were captured by high-resolution laser confocal microscopy (ZEISS, Carl LSM800), with the
exception of A, B, E, and G taken by ZEISS Axio Imager M2 microscopy. Scale bar represents 1 μm in enlarged panels and 5 μm in others, respectively, unless
specifically indicated.
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