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 My research aims to understand the fundamental origins of the mechanical properties of 

polymer networks.  My approach is to leverage the programmability of DNA to create networks 

of well-formed and rationally designed junctions and experimentally test the effects of different 

design choices. I recently completed a study of the effect of valence (the number of filaments 

that meet at a junction) on network mechanics and architecture [1]. I found that there exists a 

critical connectivity threshold, corresponding to Maxwell’s rigidity criterion or the isostatic 

point, at a valence of 6. At this threshold, the network elasticity increases dramatically while 

extensibility simultaneously diminishes to essentially zero. The Worster project I propose will 

take advantage of this rigidity criterion to create a DNA gel network that can switch from a 

compliant material to a rigid one, and vice versa, via modulation of DNA base-pairing. 

 DNA is a great tool to study the effects of nanoscale structure on bulk mechanics because 

the programmability and specificity of DNA binding permit the creation of well-defined 3d 

nanostructures. For this project, we will use a cross-linking structure of valence 6, known as a 6-

armed DNA nanostar (DNAns). Alex will learn (i) how to design and analyze the stability of 6-

armed DNAns using a DNA thermodynamics package, called NUPACK, (ii) how to synthesize 

highly concentrated solutions of 6-armed DNAns, (iii) how to accurately measure the DNA 

concentration of dense DNAns solutions and (iv) how to measure the mechanical properties of 

their gel network using bulk rheology. 

 At the end of the DNAns arms, there is a stretch of single stranded DNA (ssDNA) that 

permits binding between DNAns. This ssDNA is known as the “sticky-end” and it mediates the 

formation of a bulk, gel network. By designing the 6-armed DNAns to have three arms with one 

sticky-end sequence and three with another, we can make use of single stranded DNA “invaders” 

that are complementary to one of the sticky-ends, to “compete” with the DNAns-DNAns bonds 

and eventually unbind the half of the DNAns arms below a given temperature. By thus turning 

half of a 6-arm DNAns bonds on and off, we expect to switch the material between being rigid or 

compliant. Alex will (i) use NUPACK to design and optimize two different sticky-end sequences 

and (ii) establish a protocol to efficiently mix, anneal, and measure the DNA concentration of the 

two-component (DNAns + competing strand) network. 
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 Alex will then learn to use bulk rheology to characterize gel network stiffness. Rheology 

measures the elastic properties of a network by applying a shear stress to a network and 

measuring the resulting strain.  The elasticity of the network is related to the ratio between stress 

and strain. Alex will learn how to properly and carefully perform oscillatory, shear rheology 

measurements on bulk quantities (≈0.1 mL) of gel network composed of (i) 6-armed DNAns, (ii) 

6-armed DNAns with only 3 bindable sticky-ends, and (iii) pre-mixed 6-armed DNAns + 

competing strands.  By the end of the summer, we will develop a protocol to mix the competing 

strands into a 6-armed gel network that has been loaded in the rheometer (i.e., mix components 

in situ).  At that point, he will be able to look for a change, or “switch”, in network elasticity 

upon addition of competing strands.   

 The insight gained from such a project will not only demonstrate that Maxwell’s rigidity 

criterion can be used as a mechanical switch, but also give Alex the opportunity to experience the 

full life-cycle of a research project. 
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