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Research Interests 
What is Life? Specifically, how do lifeless molecules come together to create something as 
dynamic and purposeful as living things? In our lab, we seek to answer this fundamental 
question by investigating how complex life-like behaviors can emerge from the coordinated 
action of nanoscale biomolecules. We take a bottom-up approach: instead of studying living 
cells as they are, we rebuild key aspects of life in the lab, piece by piece, using building blocks 
of life. This enables us to elucidate the core principles of the self-organization of life. In essence, 
our  lab integrates physics,  biology,  chemistry,  and  engineering  to  reveal  the  beauty  and 
mysteries of life – and to explore how we can harness its principles to create something entirely 
new.
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Lecture Title
Mechano-Energetics of the Cytoskeleton: From F-actin Architecture to Cell Division

Abstract (500 words maximum) 
Living cells operate in a non-equilibrium state, in which continuous energy flow – the 
conversion  of  chemical  energy  into  mechanical  work  –  sustains  both  flexible 
morphological  changes  and  structural  stability.  A prominent  example  is  the  actin 
cytoskeleton, composed of filamentous actin networks and myosin motor proteins, 
which exhibits diverse structural  dynamics and, in turn,  drives cell  shape changes 
through  force  generation.  Although  much  is  known  about  the  molecular  players 
involved in cell division, less is understood about how forces generated by the actin 
cytoskeleton orchestrate the mechanics of division and the associated energetic costs. 
Using  biomimetic  model  cells  composed  of  purified  actin,  myosin,  and  lipid 
membranes, we demonstrate that stress relaxation is key to enabling faster and deeper 
cell division. The efficiency of energy conversion peaks just before division and is 
further modulated by F-actin architecture. Our findings provide quantitative insights 
into the mechanics and energetics of cell division.


