Artificial Lipid Metabolism as a Tool for Membrane Design
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78

Activation

§ (Actlvated Fatitg }
fatty acid ac

Lysophospholipid ? Hydrolysis

Phosphollpld

OOO000QOOOOCOCQ@QCOGQQO@OOCQO

Lipid membranes are dynamic structures that undergo continuous synthesis, remodeling, fusion,
and division, allowing cells to adapt to environmental changes and maintain complex internal
organization. Central to this dynamic behavior is lipid metabolism, which regulates membrane
composition and enables key cellular processes such as growth, transport, and signaling.
Mimicking these dynamics is critical for constructing synthetic cells capable of growth,
adaptation, and communication. We developed an artificial lipid metabolic network that drives
the in situ synthesis of non-canonical phospholipids, enabling membranes to grow, and allowing
selective lipid enrichment, reversible phase transitions, and lipid mixing across vesicle
populations. We also demonstrate that minimal metabolic pathways can drive the de novo
formation of lipid membranes from simple chemical precursors, providing a possible pathway to
address the longstanding challenge of how the first membranes could have formed in the absence
of pre-existing membrane templates. Using acetate and cysteine as building blocks, soluble
enzymes catalyze the formation of fatty-acyl chains from acetate that spontaneously couple to
cysteine backbones, yielding diacyl lipids that self-assemble into bilayer vesicles. Pore-forming
peptides import fresh precursors, enabling sustained vesicle growth and proton-gradient
maintenance. Together, these metabolism-driven approaches establish minimal routes for
membrane generation and remodeling, providing a foundation for building synthetic cells with
increasingly complex and functional behaviors.
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