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Liquid	Droplets	
Probe	Active	Stress

Deformable PEG droplets in active network of biopolymers (top) Microtubules 
segregate in the Dextran-rich phase and deform PEG-rich droplets. (bottom) PEG 
droplets undergoing activity-driven deformations. In contrast with DNA liquid, the 
interfacial tension is sufficiently low to induce deformations with a negative, local 
mean Gaussian curvature.

Immiscible, incompressible droplets are used as 
a mechanical probe of mesoscale activity

Active	Aqueous	Two-Phase	System

Active network of biopolymers (left) Depletion-induced 
bundles of microtubules are actively crosslinked by the 
molecular motor kinesin. (right) Experimental screenshot 
of bundled active network of microtubules

Surface Tension (top) Two 
droplets coalesce and relax 
from an ellipsoid to a sphere 
in a characteristic relaxation 
t i m e . ( l e f t ) A n a l y z i n g 
c o a l e s c i n g d r o p l e t s o f 
different sizes yields a linear 
relationship revealing the 
droplets’ material properties. 


DNA liquid in active network of biopolymers (top) Below the critical temperature, 
DNA nanostars form a liquid phase. (middle) Surface tension is too high below the 
critical temperature to deform the droplet. (bottom) Heating the droplet above Tc 

induces quantifiable deformations, although surface tension is not well-defined.
Passive Droplets As Mechanical Probes Campas et 
al. (2013) dope a living embryo with oil droplets to 
quantify intracellular mechanical forces. In their 
work, a droplet’s local, mean Gaussian curvature 
H(θ,φ) was related to the local normal anisotropic 
stress δnnn(θ,φ) as


where δH(θ,φ) = H(θ,φ)−1/R  is the anisotropic 
curvature and 1/R is the isotropic curvature, 
assuming incompressibility.


DNA nanostar two-phase system (left) 4 single-stranded DNA oligomers 
complementarily bind to form tetravalent nanostars. (right) Below a critical 
temperature, DNA nanostars hybridize via unbound sticky base pairs to form an 
immiscible phase [2].

Polymeric, aqueous two-phase system. (left) Functional groups imbue PEG with 
hydrophobicity and Dextran hydrophilicity. (right) PEG and Dextran phase 
separate into two immiscible phases with sufficiently high concentrations [6].
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2D Curvature of Deformed Droplets (left) 
Passive DNA droplets suspended in a bundled 
active network deform in the presence of 
activity-driven hydrodynamics. (middle) 
R a d i u s o f c u r vat u re q u a nt i f i e s t h e 
deformations at a point along the boundary. 
(right) Deformations quantified along the 
entire boundary. 


<latexit sha1_base64="b/Dd8Y5r8neTkg0jsordbq2vnhA=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZD5rHM9IphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHdFieAWfP/bK6ytb2xuFbdLO7t7+wflw6OW1amhrEm10KYTEcsEV6wJHATrJIYRGQnWjsa3M7/9yIzlWj3AJGGhJEPFY04JOKkb9IA9QYaVnPbLFb/qz4FXSZCTCsrR6Je/egNNU8kUUEGs7QZ+AmFGDHAq2LTUSy1LCB2TIes6qohkNszmJ0/xmVMGONbGlQI8V39PZERaO5GR65QERnbZm4n/ed0U4usw4ypJgSm6WBSnAoPGs//xgBtGQUwcIdRwdyumI2IIBZdSyYUQLL+8Slq1anBZrd1fVOo3eRxFdIJO0TkK0BWqozvUQE1EkUbP6BW9eeC9eO/ex6K14OUzx+gPvM8fMSORNA==</latexit>

1 nm

<latexit sha1_base64="zwGilGLABZyQf0kbkCy53iXwU2c=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ac0oWy223bpZhN2J2IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCanhUijeRIGSdxLNaRRK3g7HtzO//ci1EbF6wEnCg4gOlRgIRtFKvuf6yJ8wIyqa9soVt+rOQVaJl5MK5Gj0yl9+P2ZpxBUySY3pem6CQUY1Cib5tOSnhieUjemQdy1VNOImyOY3T8mZVfpkEGtbCslc/T2R0ciYSRTazojiyCx7M/E/r5vi4DrIhEpS5IotFg1SSTAmswBIX2jOUE4soUwLeythI6opQxtTyYbgLb+8Slq1qndZrd1fVOo3eRxFOIFTOAcPrqAOd9CAJjBI4Ble4c1JnRfn3flYtBacfOYY/sD5/AGg7JFu</latexit>

10 nm

<latexit sha1_base64="o1y1aCGVqOMloeFtv/EppNapyKo=">AAAB9HicbVDLTgJBEJzFF+IL9ehlIjHxRHaJUY9ELx4xkUcCGzI7NDBhdnad6SWSDd/hxYPGePVjvPk3DrAHBSvppFLVne6uIJbCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMFGiOdR5JCPdCpgBKRTUUaCEVqyBhYGEZjC6nfnNMWgjIvWAkxj8kA2U6AvO0Eq+57odhCdMqQqn3WLJLbtz0FXiZaREMtS6xa9OL+JJCAq5ZMa0PTdGP2UaBZcwLXQSAzHjIzaAtqWKhWD8dH70lJ5ZpUf7kbalkM7V3xMpC42ZhIHtDBkOzbI3E//z2gn2r/1UqDhBUHyxqJ9IihGdJUB7QgNHObGEcS3srZQPmWYcbU4FG4K3/PIqaVTK3mW5cn9Rqt5kceTJCTkl58QjV6RK7kiN1Aknj+SZvJI3Z+y8OO/Ox6I152Qzx+QPnM8fEPaRqA==</latexit>

100 nm

<latexit sha1_base64="PiuKqyAAHb9yUIuHeoa0a4lYD+4=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEVPJWkiHosevFYwX5AE8pmu2mX7iZhdyLW0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmBYngGhzn2yqsrW9sbhW3Szu7e/tl++CwreNUUdaisYhVNyCaCR6xFnAQrJsoRmQgWCcY38z8zgNTmsfRPUwS5ksyjHjIKQEj9e2y6wF7hAxXPZlW5bRvV5yaMwdeJW5OKihHs29/eYOYppJFQAXRuuc6CfgZUcCpYNOSl2qWEDomQ9YzNCKSaT+bHz7Fp0YZ4DBWpiLAc/X3REak1hMZmE5JYKSXvZn4n9dLIbzyMx4lKbCILhaFqcAQ41kKeMAVoyAmhhCquLkV0xFRhILJqmRCcJdfXiXtes29qNXvziuN6zyOIjpGJ+gMuegSNdAtaqIWoihFz+gVvVlP1ov1bn0sWgtWPnOE/sD6/AH2GZKl</latexit>

1 µm

<latexit sha1_base64="xHw2H7wwvAerodHcHhlUcWCj8L0=">AAAB+XicbVBNTwIxEO3iF+LXqkcvjWDiiewSox6JXjxiIkjCbki3FGhou5t2lkg2/BMvHjTGq//Em//GAntQ8CWTvLw3k5l5USK4Ac/7dgpr6xubW8Xt0s7u3v6Be3jUMnGqKWvSWMS6HRHDBFesCRwEayeaERkJ9hiNbmf+45hpw2P1AJOEhZIMFO9zSsBKXdf1vQDYE2S4Esi0Iqddt+xVvTnwKvFzUkY5Gl33K+jFNJVMARXEmI7vJRBmRAOngk1LQWpYQuiIDFjHUkUkM2E2v3yKz6zSw/1Y21KA5+rviYxIYyYysp2SwNAsezPxP6+TQv86zLhKUmCKLhb1U4EhxrMYcI9rRkFMLCFUc3srpkOiCQUbVsmG4C+/vEpatap/Wa3dX5TrN3kcRXSCTtE58tEVqqM71EBNRNEYPaNX9OZkzovz7nwsWgtOPnOM/sD5/AFm2JLf</latexit>

10 µm

<latexit sha1_base64="A07TGpP7uRagaUfVHIOXp+N2rEA=">AAAB+nicbVBNS8NAEN34WetXqkcvi63gqSRF1GPRi8cK9gOaUDbbTbt0Nwm7E7XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDMvSATX4Djf1srq2vrGZmGruL2zu7dvlw5aOk4VZU0ai1h1AqKZ4BFrAgfBOoliRAaCtYPR9dRv3zOleRzdwThhviSDiIecEjBSzy65juMBe4QMVzyZVuSkZ5edqjMDXiZuTsooR6Nnf3n9mKaSRUAF0brrOgn4GVHAqWCTopdqlhA6IgPWNTQikmk/m50+wSdG6eMwVqYiwDP190RGpNZjGZhOSWCoF72p+J/XTSG89DMeJSmwiM4XhanAEONpDrjPFaMgxoYQqri5FdMhUYSCSatoQnAXX14mrVrVPa/Wbs/K9as8jgI6QsfoFLnoAtXRDWqgJqLoAT2jV/RmPVkv1rv1MW9dsfKZQ/QH1ucP17qTGQ==</latexit>

100 µm

<latexit sha1_base64="cmgMRsy58yRF7+DZUd3wYeWC6Pc=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZD5rHM9IphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHdFieAWfP/bK6ytb2xuFbdLO7t7+wflw6OW1amhrEm10KYTEcsEV6wJHATrJIYRGQnWjsa3M7/9yIzlWj3AJGGhJEPFY04JOKkb9IA9QYalnPbLFb/qz4FXSZCTCsrR6Je/egNNU8kUUEGs7QZ+AmFGDHAq2LTUSy1LCB2TIes6qohkNszmJ0/xmVMGONbGlQI8V39PZERaO5GR65QERnbZm4n/ed0U4usw4ypJgSm6WBSnAoPGs//xgBtGQUwcIdRwdyumI2IIBZdSyYUQLL+8Slq1anBZrd1fVOo3eRxFdIJO0TkK0BWqozvUQE1EkUbP6BW9eeC9eO/ex6K14OUzx+gPvM8fL52RMw==</latexit>

1 mm

Kinesin hydrolyze 1 ATP and walk 8 nm 
toward the (+) end of the MT

Active hydrodynamics flows with eddies 
whose size is of order 100 μm

Microscale Statistical Physics

Macroscale Continuum Dynamics

System-size limit

How do forces transduce 
across decades of length 

scales? Systematic 
dependences?

Polyethylene glycol (PEG)

Dextran

Curvature	
Quantifies	

Deformations

• Passive droplets can be used as probes of stress in active materials, 
providing invaluable measurement of forces in these systems


• An aqueous two-phase system composed of PEG/Dextran is a 
suitable probe for active stress given it significantly deforms in the 
active environment

• My first goal will be to observe transient deformations of an isolated 
PEG droplet. Presently, the number density of PEG droplets is too 
high.


• I will then correlate deformations to active hydrodynamics by 
decomposing the droplet and flow into their radial Fourier 
harmonics.


• Lastly, I will investigate the systematic dependences of [ATP], 
[motors] on the active stress measured.

IRG2: To transform materials science by developing 
controllable far-from-equilibrium materials that crawl, 
flow, swim and walk, and thus mimic essential traits of 
living biological organisms.


