Compliant mechanisms for manipulation of
single-cells and single-celled organisms

@iNaCOMM Dec. 2025

Sreenath Balakrishnan

School of Mechanical Sciences
School of Interdisciplinary Life
Sciences

IT Goa
B @




A unified framework for single-cell

manipulation
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Biaxial stretching — design, fabrication
and demonstration
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Biaxial stretching — force-displacement
relationship
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Verify relationship at the microscale
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Shearing — design, fabrication and
demonstration (macro)




Twisting — design, fabrication and
demonstration (macro)




Compliant mechanisms as dynamic
cell substrates
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In collaboration with Dr. Safvan @k Lab, IITH



Diatoms

 Diatoms are unicellular algae found in
marine and fresh water

* They generate around one-fifth of all
oxygen in atmosphere

* The cell wall of the diatoms are made
of silica to protect against predators

 Climate change alters the morphology
and possibly the mechanical properties
of diatom cell walls
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Previous work on mechanical
characterization of diatoms

Fracture modes due to
nanoindentation/AFM on frustules
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Microneedle test on diatoms

Hamm, Christian E., et al. Nature (2003)




Shearing diatoms — design, fabrication and
demonstration (macroscale)




Conclusion

« Compliant micromechanisms as a generic framework for
manipulation of biological micro-specimens
— Several manipulation modes on a single chip
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