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Developing compartmentalized functional molecular structures is a crucial step toward 

engineering artificial cellular systems. Here, we present our findings from using reaction-diffusion 

processes to pattern amphiphilic DNA condensates and show an example of application as a 

prototype membrane-less synthetic cell. 

We have designed, produced and characterized micron-size functional units that are formed by 

self-assembly of amphiphilic building blocks consisting of DNA junctions with cholesterol tags. 

These DNA building blocks can host dynamic DNA circuits, which have been used to trigger 

disassembly, response cascades and interaction between different functional units [1,2,3]. In this 

project, we interface the crystals with a competitive DNA reaction-diffusion circuit, which is used to 

form up to 5 different compartments in a single DNA condensate. 

The components of the reaction-diffusion circuit competitively bind to single stranded DNA 

overhangs incorporated into the amphiphilic building blocks of the crystals.  

The pore size of the condensates allows shorter DNA strands to diffuse faster than longer ones 

allowing them to bind first to the overhangs. Longer DNA strands on the other hand diffuse slower 

but can displace shorter strands from the overhangs via toehold mediated strand 

displacement.  The presence of diffusing strands of multiple lengths creates propagating 

concentric binding patterns in the DNA crystals. At any given time, these reaction-diffusion patterns 

may be stopped and frozen in time, by adding excess amounts of complementary DNA. 

Finally, we use this approach to create a core-shell patterning in DNA condensates where the 

core contains a DNA template for a fluorescent RNA aptamer and the shell contains binding sites 

for said aptamer. A T7 RNA Polymerase is able to synthesize a fluorescent RNA aptamer in the 

core, which then binds to the shell. Our approach can thus be used to create a highly simplified 

membrane-less synthetic cell. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Schematic of the reaction diffusion process inside DNA condensates with two competing strands of 

different length. The short strand (red) diffuses in faster and binds first to complementary ss overhangs. The 

longer (green) strand diffuses in slower but displaces the short strand via toehold mediated strand 

displacement. 
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