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Biological membranes facilitate numerous processes critical to life, ranging from signal 
transduction to motility and adhesion. Many of these functionalities are reliant on the tight 
spatio-temporal regulation of the distribution and interactions of membrane-bound 
machinery1. Artificial cells are entities built de-novo that replicate the rich phenomenology 
associated to biological systems2, and are frequently constructed with synthetic lipid 
bilayers. These artificial cellular membranes require purposefully designed pathways to 
exhibit the complex functionalities displayed by their biological counterparts. As a prime 
route to build architectures from the bottom-up3, DNA nanotechnology allows to engineer 
bio-inspired devices that mimic the structure and activity of membrane inclusions. To that 
end, amphiphilic oligonucleotides are often used to couple DNA nanostructures to lipid 
bilayer membranes4,5.  

 
Here, we harness the tendency of cholesterol and tocopherol motifs to enrich liquid-

ordered (Lo) and liquid-disordered (Ld) domains, respectively, to statically and dynamically 
modulate the lateral distribution of DNA nano-devices on the surface of phase-separated 
membranes. By prescribing combinations of multiple anchors, changes to nanostructure 
size, and geometry, our DNA devices are programmed to achieve a wide range of 
partitioning states. We demonstrate the functionality of our platform with a reconfigurable 
biomimetic DNA architecture that achieves cargo transport between lipid domains across 
the membrane of cell-sized vesicles6.Our results highlight the potential that amphiphilic 
DNA nanostructures have for biomimicry, and pave the way for the development of DNA-
based pathways that expand our arsenal to construct synthetic cells with advanced 
capabilities. 

 

 
Figure 1. Modular, programmable and responsive partitioning of DNA nanostructures in lipid 
domains: Amphiphilic DNA nanostructures achieve static model membrane patterning (left) as well as 
reversible cargo transport between lipid phases, spanning the free-energy landscape (right).  
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