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Star-polymer-DNA gels showing predictable stress 
relaxation behavior 

ABSTRACT 
 
Dynamically crosslinked gels are attractive materials for applications requiring time-dependent 
mechanical responses. DNA duplexes with predictable binding energies are ideal crosslinkers 
for building such gels. However, the mechanical responses of most DNA gels are unpredictable 
due to the complications in the gel networks. Here, we designed a DNA gel with a highly 
homogeneous gel network and well predictable mechanical behaviour using star-polymer 
strategy. Stress-relaxation tests and dissociation kinetics measurements showed that the 
macroscopic relaxation time of the DNA gels was approximately equal to the lifetime of the 
DNA crosslinkers over 4 orders of magnitude from 0.1-2000 s. A series of durability tests show 
that the DNA gels are hysteresis-free and self-healing after the application of repeated 
temperature and mechanical stimuli. These results demonstrate the great potential of star-
polymer-DNA precursors for building gels with predictable and tunable viscoelastic properties, 
suitable for applications such as stress-responsive extracellular matrices, injectable solids and 
soft robotics.  
 

MAIN TEXT 
 
We used a recently proved star polymer strategy 1,2  to improve the homogeneity of the gel 
network and designed a pair of DNA sequences showing a simple two-state transition as the 
dynamic crosslinkers3. The formed gels responded to multiple stimuli, such as temperature and 
forces, and were still self-healable and hysteresis-less. The contrast-matched small-angle 
neutron scattering (SANS) measurements confirmed the high spatial homogeneity of the gel 
network. UV spectroscopy determined that the two-state transition of the DNA duplexes 
occurred in the gels, the same as the simulated results from the DNA calculator. In addition, 
stress-relaxation tests and dissociation kinetics measurements revealed that the macroscopic 
relaxation time of our DNA gels agreed with the lifetime of the DNA crosslinkers over an 
extended time range from 0.1–2000 s, which was challenging for most other dynamically 
crosslinked gels. In combination with the demonstrated star-polymer–DNA gel scheme with 
the well-established database for DNA thermodynamics and kinetics, we will be able to 
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fabricate DNA gels with on-demand viscoelastic properties. We envision that highly 
predictable and tunable star-polymer–DNA gels can boost the fundamental understanding and 
applications of dynamically crosslinked gels. 
 

 
Figure 1: Relationship between gel stress relaxation and DNA duplex dissociation. a) An illustration of 
the deformed star-polymer–DNA network. b) The viscoelastic properties of the gels were characterized 
with a rheometer using two different methods: an oscillatory test for fast relaxation at high temperatures 
and a step-strain test for slow relaxation at low temperatures. c) The duplex dissociation kinetics were 
evaluated for DNA-only solutions using fluorescence resonance energy transfer (FRET). d) Master 
curves of G′ and G′′ obtained from the oscillatory test for star-polymer–DNA gels over the range of 45–
60 °C at intervals of 2.5 °C. The master curves were prepared by the time–temperature superposition 
treatment, using the curves at 45 °C as reference. e) Stress-relaxation curves of star-polymer–DNA gel 
obtained from the step-strain tests over the range of 37–47 °C at 1 °C intervals. f) Temperature 
dependence of the stress-relaxation time of the gels (τR). g) Time variation of the normalized molar 
concentration of DNA duplexes (α) obtained from FRET measurements over the temperature range of 
36–45 °C at 1 °C intervals. h) Temperature dependence of the lifetime of the DNA duplexes (τd). i) 
Correlation plot of τR with respect to τd. The τd values in the experimentally inaccessible time range 
were estimated using the Eyring equation and displayed as open circles to distinguish them from the 
experimentally measured τd values (filled circles). All τR values were obtained experimentally. The solid 
line denotes a guide for the one-to-one correspondence limit (τR = τd), where the macroscopic stress 
relaxation is directly linked with the microscopic dissociation of the DNA duplexes. Reproduced from 
Ref. 3 with permission from the Royal Society of Chemistry.   
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