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Axial Optical Tweezers for the Measurement of Localized Cell Stiffness
K 40 Mary—Clare C. Dy

Designing an optical tweezers to apply constant force on the cell and computing the
cell stiffness can offer insights about how cells respond to outside mechanical
stimulus [Mofrad, 2006], which in turn can provide vital information about cellular
functions such as cell motility and mitosis of cancer cells [Sheetz, 1998]. Cells
and biomolecules are typically investigated using lateral manipulation of the
optical tweezers. Because cells move in three dimensions, incorporating an axial
mechanical stimulus can elucidate the overall efféct of forces exerted on biological
materials. Studies that investigate axial manipulation integrate other devices such
as spatial light modulators, and deformable mirrors, or modify the laser pattern,
yet these studies concentrate on measuring three—dimensional particle position,
trapping stiffness, and forces.

To integrate an axial manipulation system but, at the same time, minimize
the modification of existing optical tweezers setups, a simple scheme is proposed:
an optical trap system is designed to manipulate particles in the axial direction
using motorized lens, and estimate particle movement with nanometer sensitivity.
4um—- and 2pm—sized polystyrene particles were axially manipulated for approximately
S5um and 6pm, respectively. The system is applied on the measurement of localized
cell stiffness using the equation of Hertz model. A series of experiments were
performed to obtain the necessary parameters for the localized cell stiffness
computation: the trapping stiffness, the forces exerted on a Balb3T3 cell, and the
cell deformation, were evaluated. The localized cell stiffness computations for a
given cell sample were 17Pa and 40Pa using 4um— and 2pm-sized particles, respectively.
Results suggest that the proposed optical tweezers scheme can obtain the necessary
parameters for the computation of localized cell stiffness using Hertz model

equation.
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