The lipid droplet is a membrane-bound organelle conserved from prokaryotes to humans
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The lack of membrane-bound organelles has long been a defining characteristic of prokaryotes. However, recent studies have shown that some bacterial species contain subcellular membrane-containing structures, such as lipid droplets (LDs). LDs can be found in all eukaryotic cells and have functions including lipid storage and lipid metabolism. To determine the prevalence of LDs in prokaryotic cells, we screened more than 2,000 bacterial strains by neutral lipid staining, triacylglycerol (TAG) enzymatic assay, and thin layer chromatography analysis. We found that most bacterial strains contain neutral lipids. We then isolated and analyzed LDs from some representative strains and found broad similarities in their protein and lipid compositions. Phylogenetic analysis suggests a common ancestor 3.19 billion years ago. Bioinformatic analysis suggests that LD resident proteins are related to apolipoprotein-like proteins. We further discovered that bacterial LDs could bind genomic DNA, contributing to transcriptional regulation. Furthermore, an interaction with LDs stabilized the genome, promoting survival in extreme environments. LDs may also bind DNA in eukaryotes as supported by the prior observation of HCV RNA localized to LDs in the nucleus. LDs have also been identified in nuclei and plastids. Based on the similarity of lipid composition, the extensive distribution of LDs in bacteria and eukaryotes, the conserved protein sequence and localization, and the ability to bind nucleic acids, we propose that the LD is the earliest evolved membrane-bound organelle that is functionally and evolutionarily conserved from prokaryotes to humans.
