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Introduction

Lipid droplets (LDs) are evolutionarily conserved lipid storage or-
ganelles (Gross and Silver, 2014). As such, they need to dynami-
cally balance deposition and mobilization of diverse lipid species 
to sustain crucial cellular functions, including metabolic homeo-
stasis and biosynthesis of membrane lipids (Farese and Walther, 
2009; Welte, 2015; Schuldiner and Bohnert, 2017). Accordingly, 
LD dysfunction is connected to various pathologic conditions, 
including obesity, diabetes, steatohepatitis, and lipodystrophy 
(Greenberg et al., 2011; Walther and Farese, 2012). LDs consist of 
a central core of neutral storage lipids (mainly triacylglycerols and 
sterol esters) shielded from the aqueous cytosol by a phospholipid 
monolayer that accommodates numerous surface proteins (Thiam 
et al., 2013). Most LD surface proteins are enzymes involved in 
lipid metabolism, but the function of several LD proteins is still 
unknown (Athenstaedt et al., 1999; Binns et al., 2006; Grillitsch 
et al., 2011; Currie et al., 2014; Ohsaki et al., 2014). Intriguingly, 
in recent years, several cases have been reported in which speci�c 
LD surface proteins were found enriched or even exclusively lo-
calized on a fraction of LDs (Wolins et al., 2005, 2006; Krahmer 
et al., 2011; Hsieh et al., 2012; Wil�ing et al., 2013; Ren et al., 
2014; Moldavski et al., 2015; Zhang et al., 2016; Thiam and Bel-

ler, 2017). Similarly, various lipids have been found distributed un-
evenly among LDs (Rinia et al., 2008; Hsieh et al., 2012). These 
�ndings demonstrate that the LD pool within a single cell consists 
of distinct LD subpopulations and suggest that a functional differ-
entiation of LDs might contribute to cellular lipid homeostasis. 
However, the molecular mechanisms that establish and maintain 
LD heterogeneity are currently unknown.

In Saccharomyces cerevisiae (from here on termed �yeast�), 
one protein that localizes preferentially to a subpopulation of LDs 
is the phosphatidylinositol transfer protein Pdr16 (Ren et al., 2014; 
Moldavski et al., 2015). In this study, we used systematic screen-
ing approaches to characterize the Pdr16-rich LD subpopulation 
and identi�ed six additional proteins enriched on the same LDs. 
We show that two of those subpopulation residents, which we term 
Ldo45 (Ymr147w + Ymr148w) and Ldo16 (Ymr148w/Osw5), are 
the product of a unique splicing event of two overlapping genes 
and act as key determinants of LD identity. Ldo45 is crucial for 
targeting of Pdr16 to the LD subpopulation, and Ldo16 mediates 
accumulation of LDs in a unique niche in the cell, the nucleus�
vacuole junction (NVJ) contact site, under conditions of nutrient 
deprivation. Ldo45 and Ldo16 interact with the seipin complex 
that controls LD composition. Indeed, overexpression of Ldo45 re-
sults in a generalized loss of LD identity similar to loss of function 
seipin mutants. Our results suggest that through localized modula-
tion of seipin, Ldo proteins mediate LD differentiation.

Functional heterogeneity within the lipid droplet (LD) pool of a single cell has been observed, yet the underlying mech-
anisms remain enigmatic. Here, we report on identi�cation of a specialized LD subpopulation characterized by a unique 
proteome and a de�ned geographical location at the nucleus�vacuole junction contact site. In search for factors deter-
mining identity of these LDs, we screened �6,000 yeast mutants for loss of targeting of the subpopulation marker Pdr16 
and identi�ed Ldo45 (LD organization protein of 45 kD) as a crucial targeting determinant. Ldo45 is the product of a 
splicing event connecting two adjacent genes (YMR147W and YMR148W/OSW5/LDO16). We show that Ldo proteins 
cooperate with the LD biogenesis component seipin and establish LD identity by de�ning positioning and surface-protein 
composition. Our studies suggest a mechanism to establish functional differentiation of organelles, opening the door to 
better understanding of metabolic decisions in cells.
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