
ABSTRACT Single cells coordinate 

simple physical and chemical processes to 
yield complex behaviors, like movement, 
membrane deformation, and spatially 
organized chemical reactions. The 
construction of minimal systems, or 
synthetic cells, achieves two main purposes: 
It creates a tool for recreating and studying 
basic physical cellular processes, and it 
defines a new class of biomaterials, that 
could be used as sensory and therapeutic 
particles. My work has focused on the 
design of two major components of cells, 
the membrane and the genetic polymer, by 
using a mixture of biotic and abiotic 
materials to build cell-like systems through 
their co-assembly. I will describe the design 
of bilayer membranes made from diblock 
copolymers to which we can impart 
photoresponsive properties to induce light-
triggered vesicle rupture and create 
optically active mechanical stress sensors. I 
will describe how we can use microfluidic 
and soft lithography techniques to precisely 
control the size, internal solute loading, and 
spatial position of vesicles to control vesicle 
architecture and aide the design of sensory 
arrays. I will also discuss recent work 
exploring how RNA oligomers can be 
coupled to bilayer membranes and how the 
membranes’ surface can be used as 
scaffolding to improve the rate and 
efficiency of non-enzymatic RNA 
replication chemistries. Designing bilayer-
based assemblies with controlled physical 
and chemical properties will aide the design 

of cellular-mimetic systems to study 
biophysical processes involved in 
membrane deformation and transport. In 
addition, these assemblies will create a new 
class of biomaterial interfaces, able to use 
membrane components, genetic polymers, 
and non-biological materials to 
communicate with cellular systems. 
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