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Neutral lipids are packed into dedicated intracellular compartments termed lipid droplets (LDs). LDs are spherical
structures delineated by an unusual lipid monolayer and they harbor a specific set of proteins, many of which function
in lipid synthesis and lipid turnover. In mammals, LDs are covered by abundant scaffolding proteins, the perilipins
(PLIN1-5). LDs in yeast are functionally similar to that of mammalian cells, but they lack the perilipins. We have
previously shown that perilipins (PLIN1-3) are properly targeted to LDs when expressed in yeast and that they promote
LD formation from the ER membrane enriched in neutral lipids. Here we address the question whether PLIN5 (OXPAT)
has a similar function. Both human and murine PLIN5 were properly targeted to yeast LDs, but the protein localized to
the cytosol and its steady-state level was reduced when expressed in yeast mutants lacking the capacity to synthesize
storage lipids. When expressed in cells containing high levels of neutral lipids within the membrane of the
endoplasmatic reticulum, PLIN5 promoted the formation of LDs. Interestingly, PLIN5 was properly targeted to LDs,
irrespective of whether these LDs were filled with triacylglycerol or steryl esters, indicating that PLIN5 did not exhibit

targeting specificity for a particular subtypes of LDs as was reported for mammalian cells.

Present in many prokaryotic and most eukaryotic cells, lipid
droplets (LDs) serve to store metabolic energy as well as precur-
sors for membrane proliferation in the form of neutral lipids, par-
ticularly triacylglycerol (TAG) and steryl esters (STE)." LDs are
metabolically, functionally and possibly also structurally con-
nected to the membrane of the ER with which they exchange lip-
ids and proteins.”® In plant seeds and animal cells LDs are
covered by abundant scaffolding proteins, the oleosins and perili-
pins (PLINs), respectively. The yeast genome, however, lacks rec-
ognizable homologues of these scaffolding factors; nevertheless,
yeast cells make LDs that are functionally equivalent to those of
plants and animal cells. Perilipin-1 (PLIN1), Adipophilin
(PLIN2), and Tip47 (PLIN3), are the founding member of the
PAT/PERILIPIN superfamily, which was then expanded by the
addition of PLIN4 (S3-12) and PLIN5 (OXPAT/LSDP5).*”
Perilipins play important functions in regulating lipolysis and
they display tissue specific expression patterns.”® PLIN4 (S3-12)
is induced during adipocyte differentiation and coats nascent
LDs.%”'% PLIN5 (OXPAT/LSDPS5) is expressed in highly oxida-
tive tissues such as liver or cardiomyocytes and the expression of
both PLIN4 (S3-12) and PLIN5 (OXPAT/LSDP5) in adipose
tissue is regulated by PPARY (peroxisome proliferator-activated
recc:ptor).ml‘13
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We have previously shown that PLIN1-3 are properly tar-
geted to LDs when expressed in yeast cells and that these proteins
became cytosolic and lost their membrane association when
expressed in cells lacking LDs.'* In addition, expression of these
LD scaffolding proteins is sufficient to induce LD formation in
cells having high levels of neutral lipids in the ER membrane,
such as mutants lacking the phosphatidate phosphatase Pahl/
Lipin."* Here we extend these studies to one additional member
of the perilipin family, PLIN5 (OXPAT).

cDNAs encoding both murine and human PLIN5 (OXPAT)
were placed under transcriptional control of a constitutively
active alcohol dehydrogenase 1 (ADHI) promoter and N-
terminally fused in frame with GFP and expressed from a centro-
meric plasmid. When expressed in wild-type cells, PLIN5 stained
circular intracellular structures that were co-stained with the lipo-
philic fluorescent dye Nile Red, indicating LD localization of
PLINS (Fig. 1A). LDs formed in the presence of PLINS, how-
ever, frequently appear to be slightly bigger (average diameter
0.85 pm) and clustered compared to those formed in wild-type
cells expressing the LD marker Erg6-GFP (average diameter 0.6
pwm) (Fig. 1B) When expressed in cells lacking the capacity to
synthesize neutral lipids due to the deletion of 3 of the genes
required for neutral lipid synthesis (arel/A are2A dgal A) and
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Figure 1. PLIN5 localizes to LDs when expressed in
yeast cells. (A) Wild-type cells and cells lacking LDs
(GAL-LRO1 arelA are2A dgalA) expressing either
human or murine GFP-tagged PLIN5 were cultivated
overnight in synthetic media (SC) media at 24°C.
Cells were collected and stained with Nile Red and
living cells were analyzed by confocal microscopy.
Arrows in the merge indicate colocalization. Bar,
5 wm. (B) LD clustering in cells expressing PLIN5. LD
morphology was analyzed by confocal microscopy
in wild-type cells expressing either Erg6-GFP or GFP-
PLIN5. The LDs in the boxed region are enlarged
2.5-fold in the panel to the right. Bar, 7 um and 3
wm, respectively. (C) Total cell proteins from wild-
type or cells lacking LDs were TCA precipitated and
expression of GFP-tagged PLIN5 was analyzed by
western blotting. Wbp1, a subunit of the oligosac-
charyl transferase complex served as a loading con-
trol. (D) Cells were treated with cycloheximide (CHX,
50 wg/ml) and samples were removed at the indi-
cated time points. Proteins were TCA precipitated,
resolved by SDS-PAGE and probed with antibodies
against GFP and against Pgkl, phosphoglycerate
kinase, which served as a loading control.
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when expressed in cells lacking LDs (Fig. 1C).
Analysis of protein turnover after treatment of
cells with cycloheximide to block translation,
however, indicates that PLIN5 turnover is not
dramatically accelerated in cell lacking LDs, but
that its steady-state levels are decreased
(Fig. 1D). PLIN5 thus behaves similar to ADRP/PLIN2 and
TIP47/PLIN3 in that the protein is stable even in the absence of
LDs. This is in contrast to Oleosin and PLIN1, which are both
rapidly degraded in cells lacking LDs. '*

To examine whether PLIN5 could also induce formation of
LDs, as we previously observed for both oleosin and PLINs,'* we
expressed PLINS in mutants lacking the phosphatidate phospha-
tase Pahl, the yeast homolog of human lipin.">'® Pahlp catalyzes
the dephosphorylation of phosphatidic acid to diacyL-glycerol
(DAG), which is then further converted to triacylglycerol. Cells
lacking Pah1 display a defect in LD formation and show elevated
levels of neutral lipids in the ER membrane.'” When stained with
Nile Red, pahlA mutant cells did not show any detectable LDs
and the dye instead stained the endomembranes, particularly the
perinuclear ER (Fig. 2A). However, when these cells expressed

Figure 2. PLIN5 expression promotes formation of LDs in a sensitized
strain. (A) PLIN5 expression results in induction of LDs in cells lacking
Pah1. Cells of the indicated genotype were cultivated, stained with Nile
Red and analyzed by confocal microscopy, as described in Figure 1. (B)
PLIN5 colocalizes with Erg6. Pah1 mutant cells expressing human GFP-
PLIN5 and Erg6-RFP were cultivated as described above and colocaliza-
tion was assessed by imaging of living cells. Arrows in the merge indicate
colocalization. Bar, 5 pm.
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PLIN5, punctuate structures that stained with both Nile Red and
GFP-tagged PLINS became apparent, indicating that PLIN5 was
able to induce formation of LDs in a pahIA mutant background.
The LDs formed under these conditions were not only enriched
in neutral lipids as indicated by the Nile Red staining, but they
also contained a bona fide LD marker protein, Erg6, as indicated
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by the colocalization of Erg6-RFP with GFP-tagged human
PLINS (Fig. 2B).

In mammalian adrenocortical cells some perilipins are preferen-
tially stabilized in the presence of exogenous lipids, either oleic acid
or cholesterol, indicating that they specifically target to LDs enriched
with either STE or TAG."® PLINS, for example, preferentially targets

Merge

Figure 3. PLIN5 localizes to LDs irrespective of whether they are filled with either TAG or STE. GFP-PLIN5 was expressed in arel A are2A or in dgalA
Iro1 A double mutant strains, cells were stained with Nile Red and analyzed by confocal microscopy as described for Figure 1. Arrows in the merge indi-

cate colocalization. Bar, 5 pm.
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to TAG containing LDs at the cell periphery.'® To examine whether
PLIN5 would exhibit target-specificity also when expressed in yeas,
we analyzed its localization in cells lacking the 2 ACAT (acyl-CoA
cholesterol acyltransferase) enzymes Arel and Are2, as well as in cells
lacking the TAG biosynthetic enzymes Dgal and Lrol."” Both
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human and mouse PLIN5 co-localized with Nile Red positive punc-
tuate structures in both double mutants strains, indicating that LD-
targeting of PLIN5 did not exhibit a strong preference for LDs sub-
types enriched with either STE or TAG (Fig. 3). In addition, the
Nile Red stained punctuate structures to which PLIN5 localized in

Figure 4. PLIN5 co-localizes with the LD marker protein Ergé on LDs filled with either TAG or STE. GFP-PLIN5 and Erg6-RFP were co-expressed in arel A
are2 A or in dgal A Iro1A double mutant strains and cells were analyzed by confocal microscopy. Arrows in the merge indicate colocalization. Bar, 5 pm.
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cells synthesizing either STE or TAG also contained the LD marker
Erg6, indicating the formation of functional LDs (Fig. 4). Taken
together, the results presented here indicate that PLINS is targeted to
LDs when expressed in yeast, that the protein is expressed at increased
steady-state levels in the presence of LDs and that it promotes LD for-
mation from the ER membrane of a sensitized strain which accumu-
lates high levels of neutral lipids within its ER bilayer.
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