
Lipid-bilayer membranes form barriers to define the boundaries of a cell and its subcellular compartments. They undergo 
modulated structural changes and mediate biochemical reactions to sustain the cell’s life cycle. Inspired by such elegance in 
nature, engineers and biologists have aspired to build artificial membranes to recapitulate the cellular membrane structure 
and dynamics. Such in vitro preparations provide a complexity-reduced system for the study of functional interactions between 
membranes and their associating molecules. Here I present our technical innovations in programmable, high-precision 
membrane engineering. Our general approach is to use designer DNA nanostructures as templates to guide the assembly of 
lipid bilayers and transduce the programmable feature of the DNA nanostructures to the templated vesicles (Yang et al, Nat 
Chem, 2016). We show the assembly, arrangement, and remodeling of liposomes with designer geometry, all of which are 
exquisitely controlled by a set of modular, reconfigurable DNA nanocages, giving rise to membrane curvatures present in cells yet 
previously difficult to construct in test tubes (Zhang et al, Nat Chem, 2017). Further, we developed complementary approaches to 
manipulate pre-existing membranes in a biomimetic way (Grome et al, Angew Chem, 2018). Incorporating membrane-interacting 
proteins into these DNA-templated liposomes allows us to systematically study protein-mediated membrane dynamics, such as 
SNARE-mediated membrane fusion (Xu et al, JACS, 2016) and extended synaptotagmin-mediated lipid transfer (Bian et al, Nat 
Chem Biol, 2019), unraveling mechanistic details that are previously hard to investigate. We expect this set of high-precision 
membrane engineering tools to not only enable quantitative biophysical analyses, but also open new opportunities in synthetic 
biology (e.g. artificial cells) and therapeutics (e.g. drug delivery).
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